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Abstract

Environmental protection policies sometimes protect 
forests along an advancing suburban front although 
many of the forests may be brought into close prox-
imity to residential housing. Research suggests that 
even when forests are physically preserved, their bird 
communities are simplified as the surroundings be-
come urbanized. However, little is known of the time 
required for these changes to appear or of the mecha-
nisms that drive them. We obtained population 
measures on the Wood Thrush (Hylocichla mustelina), 
an urban-sensitive woodland species in at least portions 
of its breeding range, before, during, and after develop-
ment occurred alongside a large (140 ha) upland 
deciduous forest in Waterloo, Ontario, and compared 
these measures with those from rural control sites. 
From 1998 to 2001, the number of houses within 500 
m of the urbanizing forest increased from 24 to 470. 
We detected no significant differences between the 
relative abundance of Wood Thrushes in the urbanizing 
and rural control sites, nor was there any significant 
difference in levels of nesting success, productivity, 
and brood parasitism. We did not detect any significant 
changes in successive nest locations of individual 
banded birds in response to encroaching development. 
These results suggest that the anticipated impacts of 
development on Wood Thrushes, and perhaps other 
forest birds, in adjacent woodlands may not be 
immediate but, rather, they may require a number of 
years to manifest. The high return rate (59 percent) of 
adult females on the urbanizing site in 2001 suggests 
pronounced site tenacity that may offset any aversion 
to nesting near houses.  

Key words: housing, Neotropical migrants, residential 
development, urbanization, Wood Thrush. 

Introduction

Deciduous forests in eastern North America have un-
dergone a considerable resurgence since the 1930s, 
mainly because of the abandonment and regeneration 
of marginal farmland (Martin 1988, McKibbon 1995). 
But now there are growing concerns that the pace of 
urban growth is beginning to outstrip that of forest 
regrowth. In many regions, sprawling land develop-
ment accounts for the greatest amount of land use 
change and threatens forests, wetlands, and croplands 
on an accelerating scale (Mitchell 2001). 

The result of urban sprawl can be the loss of older, 
established forests, as in York Region in the Greater 
Toronto Area, Canada, where upland deciduous forest 
cover dropped from 18 percent in 1991 to 14 percent in 
2000 (L. Munt, pers. comm.). Or forests may be 
preserved along an advancing suburban front although 
their condition is altered. For example, forest cover in 
the Halton area along Ontario’s Niagara Escarpment 
increased slightly, from 43 to 44 percent, from 1976 to 
1995 (Braid and Ramsay 2000). At the same time, the 
forests became more fragmented, in part because of a 
proliferating intrusion of rural residences into the 
forests (Braid and Ramsay 2000).  

A growing body of research across eastern North 
America suggests that even when forests are retained, 
their bird communities change as the matrix becomes 
more urbanized. Habitat specialists, many of them 
Neotropical migrant species, usually decrease or 
disappear in the presence of nearby housing. 
Supporting evidence comes from studies that have 
focused on the following:   

1. A single site through time as the surrounding 
area became more urbanized (Holt 2000) 

2. A number of sites in a single landscape having 
differing intensities of adjacent residential dev-
elopment (Dowd 1992, Friesen et al. 1995, 
Mancke and Gavin 2000, Dawson et al. 2001)  
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3. Sites in two or more landscape types having 
different housing densities (Nilon et al. 1995, 
Kluza et al. 2000)  

Results from Ontario are illustrative of the emerging 
pattern, if not the details, documented by these studies; 
there, 4-ha woodlots without adjacent development 
contained a higher abundance and diversity of Neo-
tropical migrants than 25-ha urban woodlots (Friesen et 
al. 1995). Of the nine most common Neotropical 
species recorded in this study, the Wood Thrush 
showed the most dramatic response to development: 
while common in rural forests, it practically disappear-
ed in urban forests of similar size (Friesen et al. 1995). 

The ecological impacts of land use adjacent to forests 
evidently add to the effects of fragmentation per se 
(Saunders et al. 1991) and contribute to profound 
changes within the Neotropical forest bird community. 
However, little is known of how much time is required 
for these changes to appear after the advent of devel-
opment: Are they immediate, gradual, or do they occur 
suddenly after a certain interval of time? Similarly, lit-
tle is known of the mechanisms that drive and shape 
the changes: Are they linked to poor nesting success 
resulting from a higher abundance of urban-adapted 
predators and/or Brown-headed Cowbirds (Molothrus 
ater)? Low adult return rates?  

We attempted to answer these questions by obtaining 
population measures on the Wood Thrush, an urban-
sensitive woodland species in at least parts of its 

breeding range (Friesen et al. 1995, Kluza et al. 2000, 
but see Mancke and Gavin 2000). Long-term demo-
graphic studies of sensitive species have been identi-
fied as one of the highest avian research priorities in 
urbanizing areas, particularly as they help to identify 
source/sink populations (Marzluff et al. 2001a). Our 
research was conducted before, during, and several 
years after development occurred alongside a large up-
land deciduous forest in the City of Waterloo, Ontario, 
Canada (fig. 1). The population measures from the 
urbanizing forest were compared with those from rural 
control sites to distinguish between local and regional 
effects.

Study Area and Methods 

The Regional Municipality of Waterloo in southern 
Ontario, Canada is a fragmented urban/agricultural 
landscape with 14 percent forest cover that varies 
locally from 10 to 25 percent (see Friesen et al. 1999 
for a general description of the landscape). Forested 
Hills (140 ha), an urbanizing forest, is an Environmen-
tally Sensitive Policy Area, a designation that effec-
tively precludes development within its borders 
(Regional Municipality of Waterloo 1995). The forest 
is situated on the western edge of the City of Waterloo, 
which had a population of 102,300 in 2001, represent-
ing a 3.5 percent increase over the previous year 
(Regional Municipality of Waterloo 2002). Rapid 
growth is expected to continue, especially in this 
neighborhood, with Forested Hills becoming com-
pletely encircled by housing between 2007 and 2012. 
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Figure 1— Location of study area in southern Ontario, Canada.
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Point Counts  

In a separate study to monitor avian population 
changes in response to increased housing density, point 
counts were established within Forested Hills and 
neighboring rural forests. Data for Wood Thrushes 
were summarized from 18 point-count stations within 
Forested Hills and nine point-count stations in four 
control forests located within 1 km of Forested Hills 
but lying outside of the designated development zone. 
The purpose of the controls was to deal with year-to-
year variation within the Wood Thrush population due 
to causes other than development pressure. There was 
no matching of control and Forested Hill stations for 
vegetative or spatial features. All 27 stations were 
monitored from 1998 to 2001 by the same observer, 
using, two or three 10-minute point counts. To account 
for the varying number of visits (2 vs. 3), the average 
abundance of Wood Thrushes per station was calcu-
lated over visits in a given year. 

Demographic Study 

Field research on Wood Thrushes’ demography was 
conducted from 1997 to 2001 in Forested Hills on six 
rural woodlots, sized 3 to 24 ha (fig. 2; see Friesen et 
al. 2000 for more details of these study sites). Note that 
these sites were different than the control sites used in 
the point-count study. One of the six rural sites was 
situated 1 km from Forested Hills; the other five were 
10 to 20 km from Forested Hills. All six control 
woodlots were in rural landscapes where agriculture, 

primarily corn and soybean production, was the 
predominant land-use. Primary habitat at all study sites 
was upland deciduous forest dominated by sugar maple 
(Acer saccharum), American beech (Fagus grandi-

folia), and white ash (Fraxinus americana). 

At the outset of the study, the land surrounding For-
ested Hills consisted of fields that were either actively 
cropped or were lying fallow awaiting development. 
We used property assessment and building permit data 
from the Regional Municipality of Waterloo to deter-
mine the extent of development before and during our 
study. 

We located Wood Thrush nests and monitored them 
every 2 or 3 days using a mirror attached to a 
telescoping pole (see Friesen et al. 1999 for details). 
Nesting success was estimated using the Mayfield 
(1975) method, based on a 25-day nesting cycle. A nest 
was considered successful if host or cowbird fledglings 
survived to at least 10 days of age, when fledging is 
known to occur (Roth et al. 1996). Parasitism rates 
were calculated as the proportion of nests found during 
the incubation stage that contained cowbird eggs. We 
mist-netted and banded adults at their nests throughout 
the breeding season to determine incidences of double-
brooding and renesting among females (see Friesen et 
al. 2000 for details); this information is needed to 
accurately assess productivity and population viability. 
Adult annual return rates were calculated as the 
proportion of birds captured and banded in one year 
and recaptured and/or resighted the following year.  
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Figure 2— Location of Forested Hills and rural control sites in the Regional Municipality of Waterloo, Ontario, Canada. 
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We adopted “conservative” and “optimistic” survival 
rates for adult and juvenile Wood Thrushes to estimate 
whether the production of young Wood Thrushes was 
sufficient to support a self-sustaining population. 
Published estimates of annual adult survival of Wood 
Thrushes range from 0.58 to 0.70 (Roth et al. 1996); 
juvenile survival rates range from 0.29 to 0.35 (Trine 
1998). We determined that 0.86 female young per pair 
were required annually to maintain a viable population 
if the highest estimated adult and juvenile survival 
rates were used; 1.45 female young were needed if the 
lowest estimated survival rates were used. Our 
fecundity model (see Donovan et al. 1995 for details) 
incorporated nesting values derived from our study 
population, i.e., Wood Thrushes were double-brooded 
(Friesen et al. 2000) and 15 percent attempted three 
nests in a season (L. Friesen, unpubl. data). 

Mapping and Spatial Analysis 

A GPS unit was used to gather positional data on each 
nest in the study, to an estimated accuracy of +/- 5 m. 
GPS coordinates were brought into MapInfo® (GIS 
software from MapInfo Corporation) for mapping and 
analysis. Points representing the nests were created and 
overlaid on digital imagery to verify the accuracy of 
the nest locations.  

Various comparative measures of the location of 
successive nests were possible. Our primary interest 
was in detecting responses to urbanization pressures, 
and our focus, therefore, was on the measurement of a 
hypothesized drift in nest locations relative to the 
source of those pressures. We speculated that individ-
ual Wood Thrushes might respond to encroaching 
development by moving successive nests away (i.e., in 
a westerly direction) from the source of the distur-
bance, which was concentrated along the eastern side 
of the forest. We, therefore, measured changes in 
successive nest locations of individual banded birds to 
determine whether there was a shift in location away 
from the residential development. This was done by 
calculating the net change in x (easting) coordinates for 
successive nests. The control group consisted of all 
successive nests from the control sites, plus 1998 and 
1999 nests from Forested Hills. The latter were 
included with the control group because in those years 
development remained well removed from the study 
site (the closest encroachment to any nest at that time 
was approximately 250 m).  

Statistical Analyses 

An analysis of variance (Sokal and Rohlf 1981) was 
used to test the hypothesis of a difference in population 
trend over years between Forested Hills and the control 
sites; the average number of Wood Thrushes detected 
per year at each station was used as the response. The 

multiple comparison method (Sauer and Williams 
1989) was used to test whether the Mayfield estimates 
of daily survival of Wood Thrushes differed among 
years and woodlot size classes. Standard chi-squared 
procedures (Sokal and Rohlf 1981) were used to exam-
ine differences in parasitism rates among the woodlot 
size classes and between years. We pooled data across 
years, unless noted otherwise, and considered results 
significant if P  0.05. For purposes of analysis of the 
movement of nests, the nests were divided into a con-
trol group and a study group, and we hypothesized that 
the means from each group were equal against a two-
sided alternative (two sample t-test).  

Results

In 1997, 24 houses were located within 500 m of For-
ested Hills (fig. 3). Residential construction associated 
with the new development began in 1998. By 2001, the 
number of houses within 500 m of the eastern edge of 
the forest had increased to 470 (figs. 4-6). The number 
of houses within 50 m of the forest increased from 5 in 
1997 to 55 in 2001.  

Point Count Data 

There was no evidence of a difference (P = 0.60) or a 
trend (P = 0.75) on the relative abundance of Wood 
Thrushes between Forested Hills and the control sites 
(fig. 7). 

Nesting Success, Productivity, Population 
Viability, and Adult Return Rates 

Two hundred and thirty-nine Wood Thrush nests were 
monitored across the study sites from 1997-2001 (table 

1). There was no significant difference ( 2 = 0.268, df = 
1, P = 0.604) in nesting success between Forested Hills 
(51 percent, N = 102) and the control sites (47 percent, 
N = 137). Similarly, there was no significant difference 
( 2 = 2.83, df = 1, P > 0.701) in parasitism rates 
between Forested Hills (34 percent) and the control 
sites (46 percent) for all five years combined. 

Productivity at all of our study sites surpassed the 
source-sink threshold if we assumed optimistic survival 
rates for adults and juveniles (70 percent and 35 
percent respectively; fig. 8). When we assumed con-
servative survival rates for adults and juveniles (58 
percent and 29 percent respectively), Forested Hills but 
not the control sites surpassed the source-sink thresh-
old. In either case, we detected no significant differ-
ence in fecundity levels between Forested Hills and the 
control sites.  
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Figure 3— Location of nests and residential housing around Forested Hills in the Regional Municipality of Waterloo, Ontario, 
Canada.
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Figure 4— Location of nests and residential housing around Forested Hills in the Regional Municipality of Waterloo, 
Ontario, Canada. 
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Figure 5— Location of nests and residential housing around Forested Hills in the Regional Municipality of Waterloo, 
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Figure 6— Location of nests and residential housing around Forested Hills in the Regional Municipality of Waterloo, 
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point count station in Forested Hills and surrounding 
control sites in the Regional Municipality of Waterloo, 
Ontario, Canada. 

Fifty-nine percent (N = 10) of the females and 31 
percent (N = 5) of the males that were banded at 
Forested Hills in 2000 returned to that site in 2001. By 
comparison, 22 percent (N = 4) of the females and 35 
percent (N = 6) of the males that were banded in the 
control sites in 2000 were recaptured or resighted in 
2001.  

Nest location 

Eighty-two nests were available for spatial analysis; 27 
were from Forested Hills and 55 made up a control 
group composed of the rural control sites as well as the 
first two years (predevelopment) of data from Forested 
Hills. Our analysis of the nest-to-nest movement of 
banded individuals did not detect any significant shift 
of nests away from the encroaching development (t = 
0.914, p = 0.360).  

Discussion 

Considerable evidence exists to suggest that housing 
developments can have a profound ecological effect on 
adjacent forests. These effects include changes in 
vegetation structure (Matlack 1993) and bird composi-
tion (reviewed in Marzluff et al. 2001a). However, our 
results suggest that the anticipated impacts of develop-
ment on the abundance of Wood Thrushes, and perhaps 
other Neotropical migrant species in adjacent wood-
lands, may not be an immediate effect but instead 
require years to manifest themselves. 

Sometimes, when habitat is fragmented or the sur-
rounding matrix is altered, there is a time lag during 
which populations initially show few, if any, ill effects 
but then decline, either in a sudden drop or gradually 
over a period of many years (Knick and Rotenberry 
2000). Red-shouldered Hawks (Buteo lineatus), for 
example, were the most common Buteo species in 
Waterloo Region in the 1920s (Soper 1923), remained 
common in the 1940s (Knechetel 1945). They declined 
steadily thereafter (Weir 1987) and by the 1970s per-
sisted only in small numbers although they still nested 
at that time in several urbanizing forests in the City of 
Waterloo (Craig Campbell, pers. comm.). By 1991, the 
hawk had disappeared from the region (Cheskey 1991). 
The relationship between bird species’ presence and 
the age of urban habitat fragments has been noted for 
other habitat types. Soulè et al. (1988) observed that in 
chaparral habitat in southern California, species’ loss 
was, in part, a function of fragment age; the longer a 
patch was isolated by urban development, the greater 
the species’ loss until a new equilibrium was reached. 

Table 1— Nesting success and parasitism of Wood Thrushes in the Regional Municipality of Waterloo, Ontario, 
Canada 

a Proportion of nests expected to fledge young based on the Mayfield (1975) estimate. 
bAverage number of Wood Thrush nestlings fledged from nests that produced at least one Wood Thrush and/or Brown-headed Cowbird. 

Site Year 
Number of 

nests
Nesting 

success (%)a
Wood Thrush 

youngb
Nest parasitism 

(%) 
Forested Hills 1997 13 32 2.4 46 

1998 19 63 2.4 32 
1999 17 60 3.1 24 
2000 21 53 2.8 14 
2001 32 44 2.1 50 

All years 102 51 2.5 34 
     

Control sites 1997 30 53 2.1 50 
 1998 25 46 1.9 76 
 1999 26 44 2.4 50 
 2000 32 38 2.8 22 
 2001 24 55 2.4 38 
 All years 137 47 2.3 46 
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Figure 8— Annual female fledgling productivity of Wood 
Thrush pairs in Forested Hills and the control sites. Upper 
solid line is the level of productivity needed for a sus-
tainable population, using the lowest estimated survival 
rates of adults and juveniles (58% and 29% respectively). 
Lower solid line is the level of productivity needed for a 
sustainable population using the highest estimated survival 
rates of adults and juveniles (70% and 35% respectively). 

A higher abundance of potential nest predators in urban 
woodlots might explain why some bird species disap-
pear or have lower densities near buildings (Kluza et 
al. 2000). Populations of raccoons (Procyon lotor), 
jays, crows, grackles, and squirrels can be substantially 
higher in suburban/urban areas than in rural areas 
(Riley et al. 1998; Haskell et al. 2001, Marzluff et al. 
2001b). If predator abundance had increased in 
Forested Hills along with development, one might 
expect Wood Thrush nesting success to be lower there 
than in the rural control sites. However, nesting success 
was not significantly different in the urbanizing forest 
than at the other study sites, suggesting that the 
predator community, or at least its effect, was similar 
in all the areas. 

The identity of these predators in our study area 
remains unknown, for despite regular nest monitoring, 
no act of nest predation has ever been witnessed. Rac-
coons, however, are frequently observed and were the 
only predator recorded at every site in an artificial 
nest/camera study conducted in 2001 (L. Friesen, 
unpubl. data). Few domestic cats have been sighted at 
any of our study sites. Cats have been identified as a 
predator whose effects are most pronounced in 
urban/suburban areas (Barratt 1998). Cats could 
directly influence Wood Thrush nesting success by 
killing adult birds during the breeding season (probably 
not a common occurrence in our study, given the low 
incidence of nest abandonment) and they would have 
difficulty accessing the nests themselves, which often 
are located in thin-stemmed saplings. Cats may become 
a more prominent presence at Forested Hills as housing 
density increases and if homeowners permit their pets 
to roam freely. At this point, raccoons and Blue Jays 

(Cyanocitta cristata) likely pose a far greater threat to 
Wood Thrush nests than cats owing to their higher 
abundance in the forest and their ability to access 
almost any nest they find. 

Residential development around Forested Hills is still 
in its early stages and further monitoring is needed to 
better assess the impact of predators that exploit urban 
and suburban habitats. It may be that the availability of 
human refuse (i.e., compost heaps, garbage cans) and 
food from bird feeders subsidizes a suite of urban pred-
ators including raccoons, crows, grackles, and squirrels 
that in turn may increase pressures on nesting birds in 
nearby forests. On the other hand, it may be that 
potential nest predators alter their behavior in urban 
environments to the benefit of nesting birds, e.g., 
scavenging at compost heaps might draw potential 
predators, such as raccoons, away from songbird nests 
(Haskell et al. 2001). Ecologists have only recently 
begun to examine the relationship between potential 
urban predators and songbird nesting success (e.g., 
Mazluff et al. 2001b). What they have learned so far 
suggests that the relationship is complex and resistant 
to easy generalizations.  

Contrary to our hypothesis, the mapped locations of 
nests at Forested Hills (figs. 3 to 6) suggested no 
obvious movement of nests away from the intensifying 
development over years. Any movement to this effect, 
if present, was too subtle for us to detect at this 
juncture. 

Many of the banded birds in our study revealed high 
site tenacity between years, as evidenced by the 59 
percent return rate for females at Forested Hills in 
2001. Older birds may be compelled by habit and/or 
instinct to return to previous nesting sites, regardless of 
changes to the surrounding landscape. Potential immi-
grants, especially young birds, are not bound by such 
commitment and might reject a site such as Forested 
Hills for a less urbanized forest. If this were the case, 
then changes to the Wood Thrush community would 
become evident only after the original population dis-
appeared through natural attrition, a process requiring 5 
to 10 years. Once gone, new recruits might not replace 
the original population.  
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