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“This study exarmined variation in winter bird diversity, abundsanice, biomass and species and guild composition on plois in fartn-
land, ruzil forests, mixed rural habitat, cities and three categories of urban natural areas in southern Ontario. Small (<Z0 g},
mnsectivorous, upper eanopy, bark foraging and forest species were more prevaléiit in Tiiral mixed habitat, urban natural areas and
.especially rural forests. Larger {20-100'g), ground feeding and prmmniverous birds ypified cities and farms. Many bird species
classified as forest, forest edge and field species during summer also favored these same habitats during winter. The 52 sample
plots can be dccurately classified itito the seven habitat categories throngh discriminant analysis using the percentages of
smiall specias, inssctivores, forest species and alien species. Urban natural dreas, forests and mixed rural habitat showed the
‘highest diversity while cities and farms showed the lowest diversity. Both bird abundance and biomass were highest in urban
natuial areas with open water-and urban residential and commercial aréas, whiereas both were lowest in farmland.
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The landscapes of Ontario south.of the Canadian
-Shield, like much of eastern North America, are mos-
aics of cities, farins, forests and siiccessional habitats.
The effects of urbanization, farming and fragmentation
‘¢n breeding birds have been widely studied. This is less
‘true of wintering birds (Erskine 1980; 1992, Hohtola
1978; Lancaster and Rees i979; Blake 1987, Tilgh-
‘man 1987; Telleria and Santes 1995; Morneau et al.
1996). Understanding the effects of landscape change
‘on birds depends on knowledge of effects of habitat on
‘birds during ail seasons. This paper compares and con-
trasts winter bird use of seven urban and rural habitat
categories it terms of avian diversity, abundance, bio-
mass, bird size, guilds and species composition.

Urban ecosystems. generally have Iower biological
diversity compared to forests and rural habitats (Gilbert
1989; Adamis 1994; Marzluff et al. 1998), Howéver,
along with the lower diversity, urban bird assemblages
-often show greater abundance and biomass than do
those in forests (Erskine 1980; Hohtola 1978; Lancaster
and Rees 1979; Adams 1994).

Farmland is 4 mosaic of habitats for birds; bui many
farmland birds are edge species associated with hedge-
Tows and remnant natural vegetation, and. other typi-
cally urban species-may be associated with farm build-
ings {Rodenhouse et al. 1995). Relatively few species
are specifically associated ‘with croplands (Mgpller
1984). Nevertheless, some croplands provide consider-
able food ini soil invertebrates and seed (Lack 1992).
Areas with more diversity in farm habitats and in farm-
ing practices show far greater diversity of bird life
{(Parrish et al. 1994, Bignal and McCraken 1996;
Newton 1998),

The effect on bird life of habitat fragmentation from
farming and urbanization is now a central issue in
conservation biology (Whitcomb et al. 1981; Ambuel

and Temple 1983; Robbms etal. 1089; Saunders et al.
1991 Hinsley et al. 1996; Nour et al. 1999). The affi-
nities of breeding species for field, forest edge and
forest habitats are now well established. A few studies
suggest that similar affinities exist for wintering bird
species -(Blake 1987; Tilghman 1987; Telleria and.
Santos 1995).

Winter and breechng bird assemblages differ in any
respects. In temperate regions, bird species-richness
and ‘abundance are. lower during wimnter, due to the
ubsénce of neoiropicai and shori-distance migranis
(Morrison et al. 1987). Snow cover and depth limit
ground foraging (Erskine 1980). Winter is a critical
time for many resident species, and winter events can
affect population levels during the breeding season
(e.g., Mehlman 1997). Patterns of species presence
have changed not onty due to habitat medifications,
but dlso due to increases in bird feeders in urban and.
rural areas (Root 1988; Wilson 1994).

Periodic “eruptions” of northem seed-eating and
raptorial species In particular years during winter can
dramatically increase local densities of birds and
charnige species eomposition (Bock and Lepthien 1976;
Root 1988; Hochachka et al. 1999}, Intra-species and
mter-species. flocking is important in winter' bird
assemblages. This phenomenon relates to the reduced
sedentary and territorial behavior during winter and is
thought to have adaptive significance (e.g., Berner ard
Grubb 1985; Morrison ct.al. 1987). _

‘While many aspecis of breeding bird use of different
urhan and rural habitat categoties have been thoroughly
studied, research on winter birds is sketchy, Therefore,
this research addressed the following specific questions.
Are the well-documented differences in diversity,
abundance, biomass and species composition ameng
rural and wrban breeding bird communities similar for
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wintering birds in southern Ontario? How does the
more limited range of food types during winter affect
the guilds and sizes of birds nsing different habitat
categories? Are the now familiar preferences of
breeding bird species for forest, forest edge and field
‘evident in winter habitat use? To address these ques-
tions, this study analyzed differences in winter bird
use of different habitat categories in rural and urban
areas in southern Ontario, Canada. It examiimed varia-
tion in winter bird diversity, abundance, biomass anid
species and guild composition on plots in farmland,
forests, mixed rural habitat, cities and three-categories
of urban natural arcas.

Methods
Study Plots

The Winter Bird Poptlation Stiudy (WBPS) is 4
method for samipling. the winter birds of defined cen-
sus piots {Kotb 1965; Robbins 1972, 1981). Eight to
ten, and occasionally fewer, counts on each fixed-area
plot are conducted .in December through Febmary.
Thie WBPS method.can be robust to the use of differ-
ent observers on different plots (Smith 1984a).

‘Fifty-two plots from across sputhern Ontario were
used in this stndy (Appendix), drawn from those pub-
lished in American Birds and Ontariv Field Bivlogist.
Further description of some plots can be found else-
where (Campbell and Dagg 1976; Frskine 1975; Smith
et al. 1981, 1982; Smith 1984a, b). Climate varies
across the geographic range of locations of these study
plots and influences the distribution and abundanice
of a anmber of species (Erskine 1980). Climate -and
other factors contribute to'the large year-to-wear vari-
ation in the winter ocenrrence and abundance of many
$pecies (Bock and Lepthien 1976; Bock -and Root
1981; Root 1988; Smith 1984a).

Habitar Classification

The study plots-reflect different habitat categories
it urban and rural sotithern Ontario and were-elassified
into seven categories—three rural and urban categories
{cf., Brady et al. 1079). These reflect gradients of
human modification through urbanization and agricul-
ture. Table | summarizes the classification of habitat
categoriés. This classification has significant Timitations
but provides a basis for assessing some broad scale
pattérns,

Fourtgen of the plots are drawn from a range of rural
landscapes including rural forest, mixed rural habitats
and farmland.

Seven rural forésted plots includéd deciduois,
mixed and ceniferous forests {1-7, in Appendix), Six
of the plots were within larger continuous protected
habitats incliding conservation lands, Rondean Provin-
¢ial Park and St. Lawrence Islands National Park.

Four plots were composed of mixed rural habitats
ingluding forest, old field (successional), and agri-
cultural field (8-11, in Appendix).
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Three plots composed of farmland were included
(50-32 in the Appendix).
Thirty-threé plots refleet a range of urban habitat

-categories including urban and suburban residential,
‘commerciat and wrban natural dreas including parks,
‘urban open space, woodlands and other natural or

semi-natural areas within cities and towns. These plots

‘reflect. different levels of disturbance along an urbani-
‘zation gradient.

Twenty-seven plots of urban nafural areas included
ravines, valleys, woodlots, and parks. Urbas natural
areas were divided into three categories as described in

“Table 1. Five plots.in urban natural ateas with more-
‘than 50 m? open water duriiig the winter were classi-
fied as a separate category, urban natural with water
{12-16°in Appendix). The presence of open water is
known to significantly influence abundance, diversity
-and. species composition of winter bird assemblapes.

(Tilghman 1987; Gilbert 1989; Adams 1994), The

‘other 22 plots in whan natural areus were divided

into those mriore ar less than 10 ha in area (Table 1).
Tswelve plots were > 10 ha (17-28 m Appendix), while

‘a further ten were < 10 ha (29-38 in Appendix), This

division reflects the fact that area is known to signifi-
cantly influence the diversity and species.composition

of ‘winter bird assemblages (Blake 1987; Tilghran

1987; Telleria and Santos 1995). Exploratory data

A

‘anaiysis of these 27 plots indicated that area and pres-
‘ence of open water were important variables in ex-

plaining variance among the 27 plots and therefore a
useful means to categorize the urban natiral avéas,
Urban areas or “cities” included two downtown

plots, four plots in older, high-density residential parts.
‘of three cities, and ‘one plot in.a small town (3949 in
‘the Appendix). Four other plots were located in ‘sub-
‘urban, lower-density portions of two cities.

Variables Selected for Analysis )
A variety of measures of avian community stiactiire

‘and compaosition were used to examine variation across.
‘the habitat categories. Winter bird diversity, sbundance,
‘bicmass, mass, guild structure and species composition
‘were all examined.

Ecological and avian diversity have been measured.

in a wide variety of ways to address different defini-
iens of diversity ind methodelogical issues (Magurran

1988). Consequently, several indices of diversity were

‘employed in this study. The number of species record~
‘ed was the measure of species richness. Species rich-
‘nes$ is known to have inherent ‘and sampling-based

biases (Hill 1973; Fames and Rathbun 1982; Magurran
1988) and so other indices of diversity were used.

Simpson’s diversity index, N, (N,=1/X p,, where p, is
the proportion of each. species), a common measure
of diversity (Hill 1973), was also used. Plot area was
‘used as a covariate in analyzing species richness and

Simpson’s diversity index [N, [ to correct for the known

correlation of diversity with plot aréa (lames and Rath-

bon 1982; Magurran 1988).
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TaBLE 1. A description of the habitat categories used in this study.

Urban / Habitat

Rural Category Description

Rural Areas Forest Naturally occurring deciducus, coniferous or mixed forest in a rural kandscape
consisting primarily of natural habitats and farmland.

Rural Arecas Mixed Rural Plots that include more than one of farmland, successional field,
wetland and forest in a rural Jandscape consisting primarily of natural
habitats and farmiand.

Rural Areas Farm Lands used for crops or pasture with little significant natural vegetation except
hedgerows, occurring in a rural landscape consisting of farmland and natural
habitafs. No farm buildings were present on these plots,

Urban Areas Urban Public open spaces with a mixture of natural habitats and horticultural

Natural vegetation, surronnded by residential, commercial or industrial areas and
located within cities with > 50,000 people. Sites in this category were > 10 ha
in extent. The WPBS plot generally occupied the full extent of the natural
area or park.

Urban Areas Urban Natural As for Urban Natural, with open water at least 50 m” in extent on a creek,

with Open Water river or pond,

Urban Areas Smal Urban

Natural As for Urban Natural, but <10 ha in extent.

Urban Arcas City Cormmercial or residential areas within cities or small towns and dominated by

buildings and pavement. The sites vary in the density of buildings, the
percentage of area covered by pavement and the amount of horticultural
vegetation present. Both higher-density urban core areas and lower-density
suburhan areas are included.

Rarefaction is a technique for comparing collec-
tions of items with unbalanced sample sizes, which
has always been a problem in measuring ecological
diversity {Engstrom and James 1981, James and Rath-
bun 1982; Brewer and Williamson 1994; Gotelli and
Colwell 2001). In this study, the expected number of
species in a sample of five birds [E(8;)] was used as
the rarefaction index of diversity (James and Rathbun
1982).

Total bird abundance, total land bird abundance and
the abundance of each species were assessed as the
namber of birds per hectare, consistent with standard
metheds for the Winter Bird Population Study (Kolb
1965; Robhins 1972, 1981). For total abundance, the
number of survey hours per hectare was used as a
covariate to correct for sampling effort (similar to the
suggestion of Bock and Root 1981).

Biomass and average bird size or mass for each plot
were calculated in 2 manner similar to Mauer (1985)
using the average mass values for bird species com-
piled by Dunning (1993). The average mass for each
species was multiplied by the average number of birds
of that species found on the plot. Total biomass was
summed across all species and divided by the plot
area in hectares. Similarly, average bird mass was
calewlated as the total biomass divided by the total
number of birds.

The occurrence of birds in different size classes was
exarmined by determining for each plot the percent-

age of birds in four size classes: < 20 g; 20-40 g; 40-
100 g; and > 100 2.

The percentages of birds in different feeding and
substrate guilds were estimated using the guild classi-
fications of DeGraaf et al. (1983). Note that a species
may be classified in more than one guild, The percent-
age of field, forest edge and forest species was calcu-
lated based on the species’ affinities noted by Cadman
et al. (1987, Whitcomb et al. (1981), Root (1988), and
Freemark and Collins (1992). These are classifications
based on breeding season preferences. In this paper I
test the applicability of such classifications to winter
bird habitat analyses.

Statistical Methods

Analysis of variance was used to test for significant
differences in bird community variables among habitat
categories. For sites with more than one year of sam-
pling, the mean values for each plot were used to
avoid the problem of pseudoreplication (Hulburt 1584).
Where departures from the normat distribution and
homogeneity of variances could not be avercome
through transformation, the non-parametric Kruskal-
Wallis analysis of variance test was applied.

Results
Diversity

Bird species richness, Simpson’s diversity index (N,)
and the rarefaction diversity index [E{S,)] all differed
significantly (P < 0.0001, P < 0.0t and P < 0.001
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respectively) aiong the habitat categonies (Table 2),
Urban natura] areas, forests and mixed hubitais
showed the highest avian diversity while eity and farm
showed the lowest divessity {Table 2). Larger urban
natural areas (> 10 ha) had diversily indiees 5-19%
higher than terests.

City arcus supported balf as inany species and about
% the levels of Simpson’s diversity index, N;, as
forests, The rarefaction diversity index [E(S5)] in <ity
areas was aboul 75% of that for forests. Fanmland
diversity levels were about ome-thind those for
{urests, except the rarefaction divetsity index [B(S,)]
which was £9% the value fur lorests. Species richness
in mixed rural habitats was ghout 209% lower than in
rural forests, whereas other indices were about as
high or kigher than values in forests {Table 2).

Abundance, Rivmosy and Nize

Total bird abundance (Fable 2) was significantly
ditferenc (P < 0,01} among the habiti caleguries, due
to particularly high abundances iz two habitat cate-
gories. Total bird abundsnce way highest in urban nat-
ural areas with open water and residential and commer-
izl ¢ty areas. Farmland and rural mixed habitats had
the lowest levels. Foresls and urban nataral areas had
similar, intermediate Jevels of bied abundance.

Tota} hird biomass was signiticantly different among
habitat categories (" < (.081). The highest vales were
recorded in urban natoral areas with open water, due
1 the presence of waterfowl, and in city areas. due to
higher densities and lureer specias such as the Rock
Bowve {Columba livig), Other urban natoral areas and
forest had intermediate hiormass levels (Table 2.

In urban nawral areas with open walcr, total abun-
dance was 80% higher than in rural forests, Toudd
bipmass was 13 times greafer in urban natural areas
with open water than in rural forests {Fable 2}, Other
urbxn naluml areas showed bird abundance and bio-
mass levels simitar 1o rurl forests, Both farms and
mixed rural habitars showed abundance levels coughly
o third of rural forests. Biomass on farmland was
about 38% that in forests while biomuss in mixed
rural habitats was about 6415 of that in forests. Mean
hird size was roughly 40% higher in facnfand com-
prared with foresis. Totat bird abundance in cites was
48% higher than that recorded in forests. Biomass
was 90-100% highet in cities than in forests.

Signiicant differences (P < 0.001) among habitat
categories in the ovcurrence of hipds of different sizes
(Figure 1} mdicate the cause of the {rends of diflr-
saees i overall biomass shown in[able 2. A prepon-
derance of smail bird specics (< 20 g) 35 indicative of
forested hahitats, as is a relatvely even mix ol the
sther siae ¢lasses. Mixed rural habitats diftered from
forests primuarily in baving additional birds in the
18 g class, specifically mose rapters. In fact, rural
mixed habitats had 1be highest average bird size. In
comtrast, city areas stiowesd 4 preponderance of hirds in
the intermediate 20-40 gram and £0- 1040 gram ranges.

Tanis 2. Bird species tichness, rarefaction diversity index [143,)], Simpson's diversity index [N,], sbundance and biomass levels in seven categorics uf urbaa and rural babitats.
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The latter category includes the House Sparrow ( Passer
domesticus) and Starling (Stwrnus velgaris). Farm
areas had a predominance of birds in the 40-100 gram
range, which includes the Snow Bunting (Plectro-
phenax nivalis) and Eastern Meadowlark (Strnella
magna) (Figure 1).

Guilds

Of food-based feeding guilds, the percentage of
insectivorous birds differed most (statistically signifi-
cance P < 0.0001) among habitats (Table 3). Forests,
with 25.3 percent, had the highest percentage of insec-
tivores, followed by farms (19.1 percent) and mixed
rural habitats (16.7 percent). Cities had only 1.5 per-
cent insectivorous birds. This pattern shows small
insectivorous bird species were more indicative of
natural, rural forest conditions. Rural mixed habitat
shows the highest proportion of carnivorous birds.
No significant differences were found among habitat
categories for the percentages of omnivores, grani-
vores, herbivores or frugivores (Table 3).

The percentage of four substrate-based guilds dif-
fered significantly (P < 0.01) among habitat categories
{Table 3). Ground-gleaning and foraging species pre-
dominated in all urban and farm habitats. Lower
canopy species were also important in urban natural
areas and rural mixed habitats. In forests, a more even
distribution is evident with significant proportions of
birds that forage in the upper and lower canopy. on
tree trunks and on the ground.

Species Composition

Species showing significant differences (P < 0.05)
in abundance among the seven habitat categories are
shown in Table 4. Of the fifteen most common spe-
cies only Pine Siskin (Carduelis pinus), Evening
Grosbeak (Coccothraustes vespertinus), and Cedar
Waxwing (Bombycilla cedrorim) failed 1o show signi-
ficant differences among habitat categories, all species
subject to periodic extreme peaks in winter abundance
(Bock and Lepthien 1976; Root 1988).

City

Urban Natural/Water
Small Urban Natural
Urban Natural
Forest

Mixed-Rural

Farm
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Predictably the three alien species — House Spar-
row., European Starling and Rock Dove—occurred
almost exclusively in city and wrban natural areas
(Table 4). Some other species reached their greatest
abundances in urban natural areas (Table 4), including
Mourning Dove (Zenaida macroura), American Robin
(Turdus migratorius), and Northern Cardinal {Cardi-
nalis cardinalis).

Species associated with forest edge and fields are the
most common in this study. The species American
Robin through White-breasted Nuthatch (Siia caro-
linensis) in Table 4 are generally regarded as either
field or forest-edge species. The proportion of forest-
edge species is fairly constant at roughly half of birds
in forest, mixed rural and urban natural area habitats.

Brown Creeper (Certhia americana), Golden-
crowned Kinglet (Regulus satrapa), Red-breasted
Nuthatch (Sitta canadensixs), Ruffed Grouse (Bonasa
umbellus), and Hairy Woodpecker ( Picoides villosus)
showed the clearest affinities for forest habitats
(Table 4). Fourteen other species generally regarded
as forest species during the breeding season occurred
at frequencies too low to reveal statistical trends. One
third of winter birds recorded in forest areas are
regarded as forest species, a much higher percentage
than for all other habitats (P < 0.001). This analysis
suggests that a suite of bird species can be identified
that preferentially use forest during winter, as well as
during the breeding season.

Differences Among Habitar Categories

A series of significant ecological gradients is
revealed in the percentages of small birds, insecti-
vorous species, forest species and alien species across
the seven habitat categories in urban and rural south-
ern Ontario. These four variables can be used to sum-
marize the differences in avifauna of the seven habitat
categories using multivariate analysis (Table 5). The
percentages of birds < 20 g in mass, of insectivorous
species, of alien species and of forest species separate

40

60

Mean Percent

FiGure. 1. The distribution of birds in four size classes in seven categories of urban and rural habitats. Analysis of vanance

showed highly significant differences (P < 0.001).
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the seven habitat categorics in a non-parametric,
- Epanechnikov kernel discriminant analysis (Hand
3 % 1982). The technique successfully categorized 96.2
Z3l % R percent of the 52 plots (¥ < 0.0001). Only two plots
FEl vt * k% ow were mis-categorized and these were two urban natu-
“ & ral area plots classified in one of the other two cate-
gories of urban natural areas.
o
x Discussien
2l mo—wn wega | o Patierns revealed here regarding winter bird species
Ol "Czg"=cg= 2 richness and diversity in urban and rural habitats
| were similar to other studies in different cimatic zones
& (Lancaster and Rees 1979; DeGraaf and Wentworth
a 1981, 1986, Tilghmar 1987; Adams 1954). Diversity
§ = 3 was higher in forest, rural mixed habitats and urban
S$&8 one—ceronl g natural areas compared with citics and farms. Tilghman
=T ZHgpeargeEe E;D {1987} found species richness in an urban area in
A EE b Massachusetts, U.S. was only 50% of that in forests
gt g and a similar finding is reported here, in a colder region
i _§ with more consistent snow cover.
g 2 In northern and temperate ecosystems, bird species
S| 5 g _g 00— S Ot g richness and abundance are lower in winter than sum-
£ 5 % SORUTCrRBS e mer {Anderson et al. 1981; Mormison et al, 1987). The
g § magnitude of the seasonal difference in avian diversity
v and abundance also differs among habitats, Some stod-
g ﬂi; ies show that in winter, birds favor areas with greater
o Bz vegetation cover compared te sunmer {(Morrison et al,
a2l e s ¥ . . . .
- EE doigdewscdnda [ 34 1987, western U.S.) and arcas with milder microcli-
4 = E = mates (Shields and Grubb 1976, north central U.S.).
E & g Urban areas provide larger, more stable food supplies,
§ 8. M higher temperatures and reduced temperature vari-
E g I ability which may result in higher avian productivity
iy g% and survival rates (Marzluff et al. 1998),
g . e Total bird abundance and biomass were highly vari-
o Bl e mnionn Sl -} o & . A . .
= Blu-gunemggnn 8y able and differences among habitat categories did not
5 LI - 2 lai h of thy e. The presence of water
E] S e explain much of the varianc presenc
3 g, and riparian bird species had a major influence on
2 Bl total avian zbundance in this study. Waterfow] are
] = known to move into cities in the winter due to the high-
R , £ o er temperatures and resulting open water (Tilghman
- P BE| gt om e ”;: H 1987; Gilbert 1989: Adams 1994). The occasional
B E é gl REBRTTEIECLEY occurrence of flocks of northern finches has been noted
2z R as a possible cause of low explanatory power of habitat
4 £ variables related to bird abundance (Tilghman 1987).
E g Intra-species and inter-species flocking, known to be
8 § ; important in winter bird assemblages (e.g., Berner and
5 Elcnszgmeasal 24 Grubb 1985; Morrison et al. 1987), might also contri-
£ i IR AR b bute to greater variability. Abundance is also affected
5 XS by landscape effects at larger scales than individual
ﬁ oy "é‘, B study plots (Pearson 1993; Hostietler and Holling
£ Boogpus s e 2000).
= .
° | 2E35585%q [ &S The differences in the sizes of birds present in dif-
5 2 SEEEREEE 3 2158 ferent habitat categories are remarkable and this has
g Gl ECSSEESREE ’é E not been examined to any extent in North America.
5 g7 Hostletler and Holling (2000) found that birds of dif-
i §; g E g ferent sizes responded to the amount of urban forest
w ) B 83 cover at different scales. In this study, smaller birds
G % 3 3 = 4 (< 20 g) favored forests, mixed rural habitats and
] = @ o
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urban natural areas. Larger birds, 20-100 g in size,
were prevalent in citics and on farms. Marzluff et al.
(1998) speculated that urbanization likely favours
ground foraging bird species and discourages canopy
and bark foragers. Ground-foraging birds characteristic
of open country are generally larger than species
foraging on branches in woodland habitats (e.g., Polo
and Carrascal 1999). More complex forested habitats
are thought to provide greater opportunities for small
birds foraging among branches and milder microch-
mates, especially protection from: wind. Woodlands
may support a larger variety of sizes of wintering bird
species as observed in this study.

Both cities and farmns favor a small number of
granivorous and omnivorous species (Mgller 1984,
O’Connor and Shrubb 1986; Lack 1992; Adams 1994;
Marzluff et al. 1998). The volume of food available to
birds in some cities is enormous, perhaps more than
the entire bird assemblage would require (Lancaster
and Rees 1979). Raptor populations are sometirnes
lower in cities (Tomialoje 1982; Adams 1994) and
this study suggests this may be the case in southern
Omntario. In this study, granivorous and omnivorous
birds were ubiguitous in all habitats, consistent with
the available winter food. Significant variation in the
proportion of insectivores across the habitat categories
was a major trend noted in this study and one vari-
able that best distinguishes the seven habitat categories.

The identification of species’ preferences during sum-
mer for ficld, forest edge and forest has been wide-
spread (Whitcomb et al. 1981; Ambuel and Temple
1983; Robbins et al. 1989; Freemark and Collins
1992). But investigation of species’ preferences during
winter has been more limited (Blake 1987; Tilghman
1987; Telleria and Santos 1995). This study corrob-
orates preliminary work in the northern United States
on species’ preferences during winter (Blake 1987,
Ilinois; Tiighman 1987, Massachusetts) and suggests
a broader wend across several climatic zones. Many
of the species associated with forest, forest edge and
field during summer show similar preferences during
winter.

Some interesting new findings arise from analysis
of winter bird use of urban and rural habitats in sonth-
em Ontario, as well as corroboration and extension
of results from a few other studies of winter bird use
in the northern U.S. (Blake 1987; Tilghman 1987).
Small, insectivorous and forest species were prevalent
in forests while larger, ground feeding and omnivorous
birds overwhelmingly dominated cities and farms.
Urban natural areas occupy an intermediate point on
this gradient from natural rural forests to most human-
modified sites on farms and in cities. Granivorous and
omaivorous species dorminated all habitat categories.
Variation in the abundance of small, insectivorous,
upper and lower canopy and forest bird species was
one of the major sources of variance in this stady.
Trends in biomass and bird sizes suggest further
research on these aspects of winter bird communities.

804
4.6

City

274
13.9
223

EJrban Natural with Open Water

Urban Areas

Smalf Urban Naturat
2.1
14.5
9.4
37.3

ables (P < 0.0001).

Urban Natural
212
98
123
36.8

Forest
0.0
379
33.3
51.1

19
217
17.7
417

Rural Areas

Farm Mixed-Rural

0.0

forest, insectivorous and small bird species in seven categories of urban and rural habitats. A non-parametric, Epanechnikov kernel discriminant analysis
19.1
18.0
42

correctly categorized 96,2 percent of the 52 plots a5 to habitat classification using these four vari

TABLE 5. Percentages of alien,
Perceniage Forest Species
Percentage Small Bird Species (< 20 g}

Percentage Alier Species
Percentage Insectivores

Variable
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The different habitat categories can be successfully
classified based on the percentages of small species,
insectivores, forest species and alien species using
multivariate discriminant analysis. More research on
winter bird use of farmland habitats in North America
would be useful given the patterns found in European
work. Additional work measuring species preferences
in winter for forest, forest-edge and field habitats would
also be useful given the interesting results so far.
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Aprenpix. The 52 Winter Bird Population Study plots in southern Ontaric used in this paper.
Site  Site Region Area Site  Site Region Area
# Name County/ (ha) # Name County/ {ha}
1 Chats Falls Ottawa-Carleton 84 25  Nordbeimer Ravine ‘Toronto 10.1
Z Purpleville A York i74 26 Wigmore Ravine Toronto 340
3 Chesney Bog Oxford 152 27 . Sherwood Park Toronto 185
4 St. Lawrence Island 28 Waterloo Park A Waterloo 243
National Park Leeds 125 29  Blockline/ Strasbourg ~ Waterloo 1.2
5 Puarpleville B York 10.5 30 Campus Woodlot Waterloo 0.8
6 Rondeau Provincial Park Kent 6.1 31 Salt Spring Read Waterloo 0.7
7 Seunth Walsingham Haldimand- 32 Upper Gerrard Ravine  Toronto 5.0
Norfolk " 10.1 33 Old Country Road Waterloo 0.7
2 Flamboro area Hamilton- 34 Village Woods Waterloo 0.7
Wentworth 41.7 35 Hidden Valley Waterloo 1.2
9 Homer Watson Waterloo 10.1 36  Chatsworth Ravine Toronto 44
10 Dundas area Hamilton- 37  Mabel Davis York 6.5
Wentworth 6.3 38  Rockway Gardens Waterloo 23
11 Acton area Hatton 49 39 Downtown Waterloo Waterloo 250
12 Victoria Park Waterloo 228 40 Downtown Ontawa Ottawa-Carleion.  41.0
13 Waterloo Patk B Waterloo 243 41  Westboro/ Highland Ottawa-Carleton  111.0
14 Bayview Woods Toronto 200 42 Kent/Percy Owawa-Carleton 506
15 Cootes Paradise Hamilton- 43 Hemlock/ Hickory Waterloo 250
Wentworth 13.0 44 Guelph Wellington. 4.0
16 Riverside Park Waterloo 51.0 45  Carleton Place Ottawa-Cazleton  103.0
17  Steckle Woods Waterloo 26.2 46  AltaVista Ottawa-Carfeton  97.1
18 Moore Park Toronto 13.2 47  Copeland/Belair Ottawa-Carleton  111.0
19 Strathgowan Woods Toronto 8.1 48  Rockeliffe Park Ottawa-Carleton  87.0
2 Cedarvale Ravine Toronto 20,0 49 Beechwood Waterloo 250
21 Rosedale Valley Toronto. 194 50 Vaughan A York 20.2
22 Park Drive Toronto 196 51  Carp River Ottawa-Carleton 708
23 Lakeside Park Waterloo 14.2 52 Vaughan B York 40.5
24 Humber River-Land  Toronto 10.9




