
THE CONDOR 
AN INTf##RyAL JOURNAL OF AVIAN BIOLOGY 

Number 3 August 1998 

The Condor 100:413-425 

BIRD ABUNDANCE AND DIVERSITY ALONG AN URBAN-RURAL 
GRADIENT: A COMPARATIVE STUDY BETWEEN TWO CITIES ON 

DIFFERENT CONTINENTS’ 

PHILIPPE CLERGEAU 
INRA and UMR CNRS EcoBio, Laboratoire d’e’volution des syst?mes naturels et mod&%, Avenue du G&ha1 

Leclerc, 35042 Rennes cedex, France, 
e-mail: clergeau@univ-rennesl.fr 

JEAN-PIERRE L. SAVARD 
Canadian Wildlife Service, 1141 Route de l’Eglise, P.O. Box 10100, Sainte-Foy, Que’bec, GIV 4H5, Canada 

GWENALLE MENNECHEZ 
UMR CNRS EcoBio, Laboratoire d’e’volution des systemes naturels et modije’s, Avenue du Ge’ne’ral Leclerc, 

35042 Rennes cedex, France 

GILLES FALARDEAU 
Canadian Wildlife Service, 1141 Route de l’Eglise, P.O. Box 10100, Sainte-Foy, Que’bec, GI V 4H5, Canada 

Abstract. We compared the avifauna in two cities, Quebec (Canada) and Rennes 
(France), in order to define general responses of wildlife in an urban ecosystem. These cities 
have a similar urban structure that permits investigation along an urbanization gradient from 
downtown to rural residential areas. However, they are in opposite temperate climate and 
imbedded in a forested and an agricultural landscape, respectively. Plots ranging from 10 
to 20 ha were surveyed in winter and spring by recording all birds seen or heard. Most 
plots could be located along a gradient according to proportions of vegetated open space. 
Both the Shannon-Wiener and Simpson indices of diversity indicated a pattern of increasing 
diversity from most to least urbanized areas in spring. Winter species diversity and richness 
was low in Quebec compared to Rennes, reflecting the much harsher winter conditions in 
Quebec. Breeding densities of House Sparrows (Passer domesticus) and European Starlings 
(Sturnus vulgaris) were quite similar in Quebec and Rennes, as were densities of European 
Blackbirds (Turdus merula) and its ecological equivalent in Quebec, the American Robin 
(Turdus migratorius). The type of surrounding landscape can not explain the variation of 
species numbers within the city. If we examine the urban environment as a new ecological 
system rather than a degraded environment, we can regroup birds in two major species 
groups: the omnivorous species adapted to the urban environment and its particular food 
resources such as garbage and the species that find, in the urban environment, resources 
which they normally exploit in their usual habitat. 

Key words: avifauna structure, biodiversity, Canada, France, landscape ecology, urban 
ecosystem. 

INTRODUCTION boring ecosystems (Duvigneaud 1974). It is only 

Urban ecosystems have only recently attracted since the 1970s that urban ecosystems have been 
the attention of ecologists. Initially, they were examined more broadly, revealing that in spite 
analyzed in terms of energy transfer with neigh- of extreme urbanization they retained a variety 

of vegetative structures and supported several 

I Received 29 September 1997. Accepted 12 March wildlife species (Gilbert 1989, Pontier and Yoc- 
1998. coz 1991, Adams 1994). 
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However, despite several descriptive studies 
of urban flora and fauna (Gilbert 1989), little 
research currently is conducted in these ecosys- 
tems. Because of their high heterogeneity and 
dynamic nature, they offer a quasi-experimental 
set up to study several ecological processes 
(McDonnell and Picket 1990, Natuhara and Imai 
1996). Urban ecosystems are in perpetual 
change. The progressive urban expansion, the 
aging of neighborhoods, and the modifications 
of the structure and functions of urban spaces 
can affect species abundance and composition 
(Lancaster and Rees 1979, Dowd 1992). Urban 
studies could yield interesting answers on the 
response of wildlife to their environment, permit 
integrating urban landscape in wildlife conser- 
vation plans, and could provide pertinent infor- 
mation for regional land-planning exercises 
(Gilbert 1989, Adams 1994). 

objectives were to (1) quantify seasonal changes 
in bird abundance and diversity along a gradient 
from downtown to rural areas and (2) identify 
common attributes of these communities. 

METHODS 

STUDY AREAS 

Rennes is a city of about 200,000 residents lo- 
cated inland in Bretagne, France. It is well veg- 
etated and mainly surrounded by agricultural ar- 
eas with only a small forest. Quebec has about 
650,000 residents which are spread over a much 
wider area than those of Rennes. It is located on 
the north shore of the St. Lawrence River and is 
surrounded mostly by forested landscapes with 
a few agricultural sectors. 

Habitat and environmental modifications in- 
duced by urbanization appear generally similar 
across large geographical areas. However, gen- 
eral conceptualizations are risky as most urban 
bird studies deal with several sites in a single 
city (Lucid 1974, DeGraaf 1976, Savard 1978). 

Thompson et al. (1993) compared garden 
birds between several European countries and 
revealed important regional differences. For ex- 
ample, they showed that the number of species 
in urban, suburban, and rural gardens was sim- 
ilar in countries of northern Europe but not in 
western and southern Europe. Few studies have 
even discussed the importance of the landscape 
surrounding cities when it could have a strong 
influence on the composition and structure of ur- 
ban vegetation and wildlife (Forman and Godron 
1986, Mills et al. 1989). 

Sites were located by the same persons in the 
two cities with a concern for selecting compa- 
rable features along the urbanization gradient. 
We used spatial names as defined by geogra- 
phers: the historic center of the town, i.e., the 
downtown, the peripheral residential areas with 
a pericentral and a peripheric sector, and the peri- 
urban sector which surrounds the town. We se- 
lected seven residential plots in Quebec along 
an urbanization gradient (Table 1); three in or 
around the downtown area: downtown, Limoil- 
ou, and Montcalm, two in peripheral residential 
areas: Sillery, and Les Saules, and two in the 
periurban sector: Saint-Augustin, and Ancienne- 
Lorette. Six plots were selected in Rennes along 
a similar urbanization gradient (Table 1); three 
in or around the downtown area: downtown, SC- 
vigd, and Ste-The&se, one in a peripheral res- 
idential sector: Ste-Elizabeth, and two in the per- 
iurban fringe: St-Erblon and La Frinibre. 

We compared the bird communities of two 
cities that are quite close structurally (two old 
cities of European style in a temperate climate), 
so that they should have a similar avifauna, yet 
differed in one city being in a warm Atlantic 
temperate climate vs. cold inland temperate cli- 
mate and in an agricultural landscape vs. a for- 
ested one. We employed a method based on ur- 
banization gradients (McDonnel et al. 1993) 
used recently on birds (Blair 1996) to compare 
the city of Quebec (Canada) and Rennes 
(France). 

I 

We also selected two large apartment building 
complexes in the peripheral sector of each city. 
These two complexes differed in terms of age 
and level of urbanization. In Quebec, the most 
urbanized complex was Charlesbourg, located 
on the outskirts of the old part of the city. The 
other plot selected was Pointe Ste-Foy, a newly 
built apartment complex. In Rennes, the most 
urbanized complex was Le Blosne and the least 
urbanized Beaulieu. We listed these complexes 
at the end of the gradient to maintain a more 
simple gradient in terms of % of vegetated open 
areas. In fact, they are located at different places 
in the gradient whether we use the building or 
vegetation components. We excluded all natural 
areas such as parks, woodlots, or ponds from the 

We examined how the structure and compo- 
sition of bird communities were affected by lev- 
els of urbanization and we compared their re- 
soonse in the two cities. More soecificallv. our 
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TABLE 1. Habitat features of selected plots along an urbanization gradient in Qutbec and Rennes. 

Plot Area (ha) 

% cover 

Vegetated 
open Paved 

Buildings areas areas 

Type of 
buddings 

(number of Number of 
stO”es) buildings Landscape type 

Quebec 
Downtown 
Limoilou 
Montcalm 
Sillery 
Les Saules 
Saint-Augustin 
Ancienne-Lorette 
Charlesbourg 
Pointe Sainte-Foy 

Rennes 
Downtown 
Sevignt 
Ste-ThCrbse 
St-Elizabeth 
St-Erblon 
La Frinibe 
Le Blosne 
Beaulieu 

13.0 49.8 16.5 33.7 3-5 
10.2 30.7 28.7 40.7 3-5 
14.5 24.3 47.8 21.9 2-3 
13.5 13.5 66.1 20.3 l-2 
10.3 15.9 67.0 17.1 1 
11.2 11.3 71.7 16.9 1 
20.0 5.1 86.4 8.5 1 
11.5 21.6 42.2 36.1 4-5 
12.9 13.6 46.9 39.5 4-5 

10.5 51.0 1.1 47.9 3-5 
12.9 24.0 35.2 40.8 l-2 
12.6 24.5 36.6 38.9 l-2 
12.0 25.0 39.0 36.0 1 
14.2 15.0 41.0 38.0 1 
15.3 4.5 76.6 18.9 1 
12.1 15.9 39.4 44.7 4-12 
12.1 13.5 53.2 33.3 4-5 

207” 
259” 
259” 
127h 
1456 
128” 
44” 
84d 
35” 

Downtown 
Residential center 
Residential center 
Residential peripheral 
Residential peripheral 
Residential periurban 
Agricultural periurban 
Residential center 
Residential peripheral 

236” Downtown 
331” Residential center 
343” Residential center 
27gb Residential peripheral 
15lb Residential periurban 

36’ Agriculturai periurban 
56d Residential peripheral 
21d Residential peripheral 

a Semi-detached housing, large houses. 
b Bungalows. 
c Farms. 
d Large apartment budding complexes. 

gradient selected, and based the urbanization 
gradient on plot location, percentage of built up 
area, and proportion of public and private gar- 
dens interspersed with buildings. 

SURVEYS 

Each plot was surveyed by walking in the mom- 
ing and recording all birds seen or heard, ac- 
cording to the mapping method of Svensson 
(1974). A minimum of l-1/2 hr was spent in 
each plot to insure a minimal coverage, and up 
to 2 hr were spent in plots with high numbers 
of birds to ensure complete coverage of the plot. 
Care was taken to avoid counting the same birds 
twice. Results are presented as mean number of 
birds detected per 10 ha. Plots ranged in size 
from 10 to 20 ha (Table 1). Four surveys were 
conducted in spring 1995 and two in winter 
1995 in all Quebec and Rennes plots. Quebec 
plots also were surveyed three times in the win- 
ter of 1996. All winter surveys were conducted 
in January and February. Spring surveys were 
conducted from March to June in Rennes and 
late May to end of June in Quebec. Proportions 
of vegetated open space and of human structures 
were derived from maps and aerial photographs 
(digitalization and analysis by GIS). 

In Quebec, we classified species as native or 

introduced. Introduced species included the 
House Sparrow, European Starling, and Rock 
Dove (scientific names in Appendix). Although 
not introduced in Rennes, these species also 
have been grouped together in this town to fa- 
cilitate comparisons between sites. Diet of birds 
were adapted from Voous (1960) for Europe and 
from Gauthier and Aubry (1996) for Canada. 
Feeding types included insect feeder, seed and 
vegetation feeder, omnivore, and carnivore. 

Cluster analysis was performed by the cluster 
procedure of SAS using the average linkage 
method (SAS 1989). We used the Shannon-Wie- 
ner and the Simpson indices of diversity. Even- 
ness was measured using the Shannon index 
(Magurran 1988). Similarity indices were cal- 
culated using Horn index (Krebs 1989). Means 
2 SE are presented. 

RESULTS 

HABITAT FEATURES 

Selected plots can be ordered along au urban- 
ization gradient reflected by the proportions of 
vegetated open space and human made struc- 
tures (buildings and roads). In Quebec, vegetat- 
ed open areas ranged from 17% in the down- 
town area to 86% in the rural area (Table 1). 
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TABLE 2. Bird species diversity and density per 10 ha in spring along an urbanization gradient. 

Shannon-Wiener Simpson’s EV~lllI.2ss Richnessa 
Bird density/ 7% of introduced 

10 ha speck& 

Quebec 
Downtown 
Limoilou 
Montcalm 
Sillery 
Les Saules 
Saint-Augustin 
Ancienne-Lorette 
Charlesbourgc 
Pointe Sainte-Foyc 

Rennes 
Downtown 
SCvignC 
Ste-ThCrese 
St-Elizabeth 
St-Erblon 
La Frinitre 
Le Blosne” 
Beaulieu” 

1.72 
1.65 
2.14 
2.60 
2.33 
2.47 
2.53 
1.58 
2.11 

1.75 
2.42 
2.20 
2.42 
2.62 
2.69 
2.30 
2.63 

2.4 
3.5 
6.0 

11.5 
7.9 

10.3 
9.7 
3.2 
6.0 

0.67 
0.63 
0.73 
0.81 
0.74 
0.82 
0.77 
0.62 
0.68 

4.1 0.62 
7.0 0.77 
5.3 0.72 
7.8 0.77 

11.3 0.80 
10.4 0.79 
6.3 0.72 
10.4 0.82 

31 
25 
23 
27 
14 
27 

17 
23 
21 
23 
26 
30 
24 
25 

64.1 68 
104.9 73 
63.6 52 
70.3 34 

116.2 35 
141.8 27 
74.5 48 
79.8 75 
48.4 51 

281.4 
155.0 
213.5 
182.7 
124.6 
117.3 
137.6 
169.4 

52 
26 
27 
43 
25 
34 
47 
36 

a All species. 
b Species included are House Sparrow, European Starling, and Rock Dove 
c Large apartment budding complexes. 

Charlesbourg and Pointe Ste-Foy are distinct 
from other areas by the presence of large apart- 
ment buildings and large amounts of paved sec- 
tions. 

In Rennes, the gradient was less gradual with 
only 1% open areas in the downtown area and 
more than 35% in the residential center and pe- 
ripheral areas (SCvignC, Ste-The&se, St-Eliza- 
beth) (Table 1). The amount of open space in- 
creased to 47% in St-Erblon and to 77% in La 
Friniere, the agricultural periurban plot. The two 
multistory large apartment building complexes 
differed in their proportions of open vegetated 
and paved areas with Le Blosne being the less 
vegetated one (Table 1). 

BIRD DIVERSITY DECREASES WITH 
URBANIZATION 

Bird diversity can be expressed in various ways 
depending upon emphasis put on richness or 
evenness (Magurran 1988). All indices used 
suggested an increase in diversity from most to 
least urbanized plots in spring (Table 2) and 
winter (Table 3) in both cities. However, a sig- 
nificant correlation between vegetated cover per- 
centage and each bird diversity index was ob- 
tained in spring in both regions (Spearman r al- 
ways > 0.77 and P always < 0.04), whereas no 
correlation was found in winter. In this last sea- 
son, some urban plots (e.g., Sillery or Beaulieu) 

had better diversity than periurban plots and 
seem to act as refuge for some species. 

In Quebec, during spring, the downtown and 
Limoilou plots had less diverse bird communi- 
ties than more peripheral residential areas. The 
old and more urbanized apartment building plot 
(Charlesbourg) supported a less diverse and 
even bird community than the newly built plot 
(Pointe Ste-Foy). As in Quebec, the downtown 
area in Rennes had a lower diversity than pe- 
ripheral and periurban areas, and the more ur- 
banized apartment complex (Le Blosne) had a 
lower diversity than the more vegetated one 
(Beaulieu). 

In Quebec, all diversity indices were much 
lower in winter than in spring (Z = 2.67, P = 
0.01, Wilcoxon test), but there was no difference 
in Rennes (Z = 0.85, P = 0.40). Some residen- 
tial areas were more diverse in winter, especially 
areas adjacent to the downtown center (SCvignC 
and Ste-The&se). Winter species diversity and 
richness was quite low in Quebec compared to 
Rennes. Winter diversity indices were nearly 
twice as high in Rennes compared to Quebec. 
Evenness was lowest in the downtown area in 
both cities and in the most urbanized apartment 
building complex, more so in Quebec (0.59 vs 
0.72, respectively) than in Rennes (0.81 vs 0.86, 
respectively). As a whole, evenness of bird com- 
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TABLE 3. Bird species diversity and density per 10 ha in winter along an urbanization gradient. 

Shannon- 
W1eIler 

1995 1996 

Simpson’s EVelMleSS 

1995 1996 1995 1996 

Richnessa 

1995 1996 

Bird density 

1995 1996 

% of 
introduced 

spec& 

1995 1996 

Quebec 
Downtown 
Limoilou 
Montcalm 
Sillery 
Les Saules 
Saint-Augustin 
Ancienne-Lorette 
Charlesbourgc 
Pointe Sainte-Foyc 

Rennes 
Downtown 
SCvignt 
Ste-Thertse 
St-Elizabeth 
St-Erblon 
La Friniere 
Le Blosne” 
Beaulieu’ 

0.67 0.47 1.5 1.3 0.48 0.34 4 4 48.1 36.2 99 99 
0.89 0.93 2.1 2.0 0.64 0.52 4 6 102.0 111.5 98 98 
1.10 1.26 2.1 2.5 0.57 0.57 7 9 54.8 67.5 86 74 
1.93 1.94 5.3 5.7 0.80 0.74 11 14 49.7 48.1 49 44 
1.55 1.10 4.0 2.1 0.75 0.53 8 8 36.0 52.0 69 89 
1.71 1.44 4.0 3.3 0.71 0.65 11 9 64.6 90.9 71 88 
1.03 0.86 2.3 2.1 0.57 0.54 6 5 36.3 41.6 96 96 
0.95 0.86 2.3 1.9 0.59 0.53 5 5 95.7 95.9 98 91 
1.00 1.05 2.4 2.6 0.72 0.65 4 5 37.7 37.9 89 91 

1.30 2.5 0.49 14 249.0 75 
2.50 9.2 0.83 19 100.7 47 
2.45 8.1 0.80 20 113.2 45 
2.30 6.6 0.74 21 163.3 47 
2.46 9.5 0.83 18 105.3 26 
2.52 8.5 0.79 24 109.6 36 
2.38 8.2 0.81 19 115.5 38 
2.63 11.3 0.86 21 96.6 30 

a All species seen or head. 
b Species included are House Sparrow, European Starling, and Rock Dove 
c Large apartment building complexes. 

munities did not differ significantly in Rennes 
between spring and winter (2 = 0.93, P = 0.35, 
n = 8, Wilcoxon test) nor in Quebec (2 = 
-1.61, P = 0.11, n = 9). In Quebec, for at least 
four plots (downtown, Limoilou, St-Augustin, 
Anciemre-Lorette), evenness was lower in win- 
ter (Tables 2, 3). In Rennes, evenness was lower 
in winter than in spring in the downtown area 
but not in other areas (Tables 2, 3). 

BIRD ABUNDANCE INCREASES WITH 
URBANIZATION 

In Quebec, during then breectffig season, bird 
abundance varied greatly between plots, show- 
ing a bimodal distribution with a peak in the 
most urbanized residential plot, Limoilou, and 
another peak in residential areas with the most 
vegetation and open space, Les Saules and St- 
Augustin (Table 2). Bird abundance was es- 
pecially low in the downtown area and in the 
newly built Pointe Ste-Foy. Introduced species 
were most numerous in the more urbanized plots 
where they also accounted for a greater propor- 
tion of the birds. Indigenous species were most 
abundant in the well-vegetated residential areas. 

In winter (Table 3), more urbanized areas had 
higher densities of birds, whereas less urbanized 
areas supported fewer birds. The increase in the 

urbanized areas was due to introduced species 
(House Sparrow, European Starling, Rock 
Dove), which represented over 90% of the win- 
ter bird community. Their dominance was lower 
in less urbanized plots, although they still rep- 
resented a greater proportion of the avifauna in 
winter than spring. 

Breeding bird densities were higher in Rennes 
than Quebec, especially in the most urbanized 
areas. Density in the downtown area was nearly 
four times greater in Rennes than in Quebec. 
Overall, bird density averaged only 84.8 + 10.0 
birds per 10 ha in Quebec compared to 172.7 ? 
19.1 for Rennes. The variation in density be- 
tween plots was similar in Rennes (CV = 
31.4%) and in Quebec (CV = 35.9%). Rock 
Doves, European Starlings, and House Sparrows 
did not dominate the avifauna in Rennes, al- 
though they were abundant. The gradient of de- 
creasing dominance of these species from down- 
town to peripheral areas also was apparent in 
Rennes during the breeding season. 

As expected, winter bird densities were higher 
in Rennes (131.7 2 18.3) than in Quebec (58.4 
+- 8.3 in 1995; 64.9 2 9.5 in 1996), but differ- 
ences were smaller than during the breeding sea- 
son. Winter bird densities in Rennes were lower 
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in winter than spring in all plots, contrasting 
with Quebec where bird densities were higher in 
winter in some of the most urbanized plots (Ta- 
ble 3). In Rennes, Rock Dove, European Star- 
ling, and House Sparrow dominance as a group 
was higher in winter in the three most urbanized 
plots but not in the other plots. As in spring, 
these three species dominated less the winter 
avifauna of Rennes than that of Quebec. 

The contribution of introduced and native spe- 
cies to the total breeding density varied along 
the urbanization gradient and contrasted be- 
tween Quebec and Rennes. In Quebec, breeding 
densities of introduced and native species tended 
to be negatively correlated (1. = -0.22, IZ = 9), 
whereas in Rennes they were positively corre- 
lated (T = 0.40, n = 8). Winter densities of in- 
troduced and native species tended to be nega- 
tively correlated along the urbanization gradient, 
especially in Quebec (r = -0.49, IZ = 9) com- 
pared to Rennes (r = -0.20, n = 8). Although 
not statistically significant, these correlations 
suggest differences in the organization of bird 
communities in relation to the urbanization gra- 
dient and to the importance of introduced spe- 
cies in bird communities. Bird abundance in- 
creased with urbanization as introduced species 
increased. Densities of other species seemed 
more dependent on climatic conditions and fea- 
tures of urban plots. 

COMMUNITY STRUCTURE 

Bird communities are structured according to 
the&% species richness, composition, and abun- 
dance. Similarity indices combine these param- 
eters and provide a global comparison of bird 
communities. In Quebec, patterns of species 
richness and abundance indicated differences in 
bird communities between plots and seasons. 
Similarity measures (Horn index, Krebs 1989) 
regrouped the most urbanized plots (downtown, 
Limoilou, and Charlesbourg) together in spring 
and winter (Fig. 1). In spring, the rural area dif- 
fered from all other plots, whereas in winter it 
was Sillery, an urban plot, that had quite a dis- 
tinct bird community. The two most vegetated 
residential areas with small trees (St-Augustin 
and Les Saules) had fairly similar bird commu- 
nities in spring. 

In Rennes, plot grouping also reflected the ur- 
banization gradient (Fig. 1). The downtown area 
contrasted greatly with other plots having a dis- 
tinct bird community in both spring and winter. 

Downtown 

Limoilou 

Charlesbourg 
Monfcalm 

Pte St-Foy 

Sllkry 

Les Sal&s 

St-Augustin 

Ant-Lorette 

Ou&ec spring 

Downtown 
Limoilou 

Charlesbourg 

F’te St-Foy 

Montcalm 

Les Saules 

St-Augustin 

Ant-Lorette 

Sillery 

Qu&ec winter 

Downtown I 

Le Blosne -1 

Beaulieu 

I 
Rennes winter 

d2 64 ds o’s IlO 1:2 I’.4 I:6 

normalized root-square distance 

FIGURE 1. _Giups of-kird- communities based on 
Horn similaritv index in OuBbec and Rennes. The 
smaller the rodt-squared distance of a given branching 
is, the more similar are the bird communities of the 
plots or group of plots. 

The two residential plots close to downtown 
were regrouped together in both seasons, as 
were the periurban plots. Classification of other 
plots differed in spring and winter reflecting 
changes in bird communities triggered by dif- 
ferent factors in the two seasons. In winter, the 
large lawns of Beaulieu and Le Blosne were 
used by similar bird communities. In spring, dif- 
ferences observed reflected the different quality 
of open spaces (more trees and shrubs at Beau- 
lieu) and a difference in human disturbance 
(Beaulieu less disturbed). Thus the urban gra- 
dient has a greater influence on the structure of 
bird communities in spring and winter. 

Among the four feeding guilds, the insect 
feeders were the most sensitive to the quality of 
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FIGURE 2. Relative abundance (%) of insectivorous and omnivorous birds at each plot. Data are presented 
among sectors of the urbanization gradient: Sl = downtown, S2 = pericentral sector, S3 = peripheric sector, 
S4 = periurban sector. 

the environment and responded differently in the 
two cities (Fig. 2). In Rennes, these birds were 
nearly absent from downtown (Sl) in winter. 
They represented 30-40% of the bird comrnu- 
nity in other urban plots (S2-S3) and 50% in 
periurban plots (S4). In spring, they represented 
similar proportions of the bird community in S3 
and S4 as they did in winter, but nearly 20% 
more in the most urbanized sectors (Sl and S2). 
This highlights the small seasonal differences 
observed in Rennes and the spring influx of ae- 
rial insect feeders (swifts) in the most urbanized 
plots. 

In QuCbec, insect feeders were nearly absent 
from the city in winter. Only one plot (Sillery, 
S3) supported a proportion of insect feeders sim- 
ilar to that of Rennes, probably because of its 
well developed vegetation (old trees). In spring, 
the proportion of insect feeders in the commu- 
nity followed the urbanization gradient coming 
close to, but not over, proportions in Rennes. 

The omnivorous guild was clearly the typical 
guild of urbanized sectors. In Rennes, they rep- 
resented a large proportion of the community in 

terms of numbers, their dominance decreasing 
along the downtown-rural gradient in both 
spring and winter. In Qukbec, they accounted for 
more than 95% of the birds seen in winter and 
still dominated the spring avifauna, representing 
up to 40% of the birds. 

MAIN SPECIES IN TOWN 

Like most bird communities, urban communities 
were dominated by a few abundant species. In 
QuCbec, during spring, the three most numerous 
species accounted on average for 59.1 +- 5.2% 
of the birds of a given area. In Rennes, they 
averaged 53.7 + 4.7% of the birds. In both cities 
dominance was highest in the most urbanized 
portion of the gradient and lowest in the least 
urbanized. Three species, the House Sparrow, 
European Starling, and Rock Dove occurred in 
both cities and, as a group, dominated the avi- 
fauna of most plots in both spring and winter. 

Spring densities of House Sparrows were sim- 
ilar in both cities, averaging 25.1 2 4.2 birds 
per 10 ha in QuCbec and 29.5 ? 4.0 birds in 
Rennes. The highest density was found in Li- 
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moilou, Quebec (50.7 birds per 10 ha), and the 
lowest density in Beaulieu, Rennes (12.2 birds 
per 10 ha). Winter densities averaged higher in 
Quebec (32.6 ? 5.2 per 10 ha in 1995; 38.2 2 
5.2 per 10 ha in 1996) than in Rennes (25.7 2 
4.4 birds per 10 ha), but the difference was not 
statistically significant in either year (1995: T = 
1.45, P = 0.17; 1996: T = 1.00, P = 0.33; t- 
test). House Sparrow densities in Quebec were 
higher in winter than spring in most residential 
areas. 

Spring densities of European Starlings also 
were similar in both cities, averaging 13.0 -C 1.5 
birds per 10 ha in Quebec and 14.2 ? 3.3 birds 
per 10 ha in Rennes. The highest density was 
found in Beaulieu, Rennes (32.9), and the lowest 
in SCvignC, Rennes (4.1). Average winter den- 
sities were similar in Quebec (13.0 f 4.6 in 
1995; 10.4 2 2.5 in 1996) and Rennes (10.8 2 
2.2) and were just slightly lower in winter than 
in spring in both cities. However, their distri- 
bution along the urban gradient differed between 
spring and winter in Quebec, increasing in win- 
ter in some areas and decreasing in others. In 
Rennes, densities of starlings were higher in 
winter than in spring in the downtown area (17.8 
vs 10.8) and in SCvignC (14.6 vs 4.1), a residen- 
tial area adjacent to downtown. In Quebec, old 
residential areas near downtown also had higher 
densities of starlings in winter (i.e., Limoilou 
30.9 and 23.9 vs 12.0 in spring), but not the 
downtown area (4.2 and 2.8 vs 21.9). 

Densities of Rock Doves were much lower in 
Quebec than Rennes in both spring (3.8 t 1.4 
vs 20.7 ? 12.5) and winter (4.9 + 1.0 and 7.3 
% 3.5 vs 26.1 t 17.4). The major contrast be- 
tween the two cities was the use of the down- 
town area by pigeons. In Rennes, densities 
reached 107.6 birds per 10 ha in winter and 
147.0 birds in spring compared to less than 5 
birds per 10 ha in Quebec downtown area in 
either season. 

In Rennes, Common Swifts were mostly ob- 
served in the downtown area, being nearly ab- 
sent from other plots. A similar pattern was ob- 
served for Chimney Swifts in Quebec. Two oth- 
er species can be considered ecological equiva- 
lents: the American Robin and the European 
Blackbird. In Quebec, the American Robin was 
mostly associated with well-vegetated residen- 
tial areas where it reached densities of 20.3 birds 
per 10 ha. The European Blackbird reached its 
highest density in St-Elizabeth (29.6 birds per 

10 ha), a residential sector comparable to those 
favored by American Robins in Quebec. The 
European Blackbird also was present in winter 
in Rennes but in lower densities than in spring 
(10.7 + 1.4 vs 16.7 +- 2.9) and with a similar 
pattern of distribution along the urbanization 
gradient as in spring. 

The “introduced species” (non-native in 
America, synanthropical in Europe) are major 
species in the two cities with similar densities 
(except pigeon in downtown). Two equivalent 
thrushes also are well represented according to 
vegetated plots. However, these forest birds are 
not more common in Quebec, a city surrounded 
mostly by forested landscapes, than in Rennes. 

DISCUSSION 

GRADIENT CONCEPT AND BIRD DIVERSITY 

The urban environment is characterized by an 
urbanization gradient with increasing vegetation 
and decreasing human made structures from 
downtown to periurban areas. The gradient con- 
cept implies that environmental variability is 
spatially structured and that this pattern influ- 
ences ecological processes and annual popula- 
tion dynamics (McDonnell and Pickett 1990, 
Blair 1996). The gradient concept in urban areas 
applies as well to social, demographic, and 
physical characteristics (Michelson 1970, Det- 
wyler and Marcus 1972, Stearns and Montag 
1974). In urban ecosystems, bird richness is af- 
fected by both the abundance and diversity of 
vegetation and by habitat heterogeneity (Lancas- 
ter and Rees 1979, Dowd 1992, Natuhara and 
Imai 1996). However, the highest richness is not 
always in the most natural habitats but often oc- 
curs in moderately perturbed ones (Nuorteva 
197 1, Petraitis et al. 1989, Jokimaki and Suho- 
nen 1993). We observed a similar pattern in 
Quebec and to a lesser degree in Rennes, that is, 
a decrease in species richness with increasing 
urbanization as shown in other urban studies in 
America (Batten 1972, Walcott 1974, Blair 
1996) or in Europe (Marchetti 1976, Tatibouet 
1981, Taylor et al. 1987). The lower response to 
the urbanization gradient in Rennes could be at- 
tributed to the well vegetated nature of the city. 
The age of a residential area influences directly 
species richness through the development of its 
vegetation, mainly the tree strata. In Quebec, 
Sillery was an older residential area than Les 
Saules or Saint-Augustin and supported a richer 
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avian community, although Sillery was more 
distant from the forest which can act as a species 
source. A similar increase in species richness 
with suburb age has been reported in several 
studies (Vale and Vale 1976, Hohtola 1978, 
Munyenyembe et al. 1989) and seems typical of 
most urban ecosystems. However, this increase 
in richness stabilizes when vegetation reaches its 
full development and even decreases in very old 
suburbs where trees form a continuous canopy 
(Savard 1978, Munyenyembe et al. 1989). 

The relative spatial and temporal stabilities of 
the avifauna of Rennes (downtown excepted) 
likely reflect the quality of residential areas sur- 
rounding the center of the city which, because 
of their high and heterogeneous vegetative com- 
ponent, attract several insectivorous species. 
This is confirmed by comparisons with other 
large cities where residential areas adjacent to 
downtown areas are less vegetated and thus have 
more depauvrished bird communities. This is the 
case of Marseille in the south of France (Mar- 
chetti 1976) where the avifauna responded sim- 
ilarly to the downtown rural gradient as it did in 
Quebec. 

The higher bird diversity in spring than winter 
in Quebec is typical of Canadian cities (Savard 
1978) and is due mostly to the harsh winter cli- 
mates. It contrasts with the pattern of higher 
winter diversity observed in Rennes. The lower 
evenness observed in the downtown area com- 
pared to other sectors in Quebec and Rennes was 
not observed in Toronto, Canada (Savard 1978) 
or Syracuse, New York (Johnsen and Vandruff 
1987). However, as in our study, the most nat- 
ural area in Toronto had the highest evenness, 
and evenness tended to be higher in spring than 
winter (Savard 1978). 

Our results permit us to generalize the re- 
sponse of the avifauna to the structure of tem- 
perate cities: the number of species decreases 
with level of urbanization. We also can qualify 
it in relation to intrinsic plot features, especially 
the importance of vegetation and climate, partic- 
ularly snow on the ground. As most urban avi- 
fauna is composed of species not common in the 
surrounding landscape, the landscape context 
does not seem to play a crucial role in structur- 
ing the urban bird community. This is amplified 
by the functional differences of urban ecosys- 
tems compared to natural ones (Davis and Glick 
1978). In large cities, local habitat features seem 
more important than the landscape setting of the 

city. This may be in part a question of scale as 
ecotone effect becomes more and more slight in 
large cities (Tomialojc 1970, Davis and Glick 
1978). However, Luniak (1990) in his compar- 
ative study underscores the absence of correla- 
tion between urban avifauna and city size. In 
Tucson, Arizona, several species present in the 
city were absent from the surrounding landscape 
(Emlen 1974, Mills et al. 1989). Jokimaki et al. 
(1996) found no relationships between the struc- 
ture of urban bird communities and latitude in 
northern Europe. Thus, the landscape setting of 
the city does not greatly influence the structure 
of the urban bird community. 

BIRD ABUNDANCE AND AVIFAUNA 
STRUCTURE IN CITIES 

The pattern of breeding bird abundance, unlike 
that of species richness, was not directly asso- 
ciated with the urbanization gradient in Quebec 
or Rennes. In Quebec, the clear bimodal pattern 
reflected the relative contribution of introduced 
and native species. Similar patterns were ob- 
served in Toronto (Savard 1978) with a higher 
bird abundance in residential areas adjacent to 
downtown than in the downtown area itself, a 
decrease in old residential neighborhoods with 
tall trees, and an increase in more open and 
young residential neighborhoods, followed by a 
decrease in the least urbanized sectors. Although 
less obvious, there also was a decrease in bird 
abundance in Rennes from downtown to agri- 
cultural areas, indicating that this pattern may be 
common to most urbanized areas (Weber 1972, 
Savard 1978). 

The increase in bird densities in winter in the 
most urbanized plots of Quebec suggests a shift 
from peripheral areas to plots with more favor- 
able microclimates, shelters, and dependable 
food sources. Greater winter densities for resi- 
dent birds are to be expected as populations in- 
clude young birds and are more social, i.e., less 
territorial. Lack of such increase in density in 
Rennes may be attributed to the milder climate 
which may not concentrate birds as much as the 
harsh Quebec climate. Movements of House 
Sparrows and European Starlings into more ur- 
banized sectors of the city have been noted in 
winter in other North American studies (Johnsen 
and Vandruff 1987, Sears and Anderson 1991). 

In Quebec, Rock Doves were especially abun- 
dant in the harbor adjacent to the downtown 
area. Presence of grain elevators there may have 
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contributed to the low abundance of Rock Doves quality of the landscape surrounding the city 
downtown. Several species of swifts have adapt- does not seem to play a preponderant role in bird 
ed to the urban environments where they find abundance and community structure. 
suitable breeding substrates (Huhtalo and Jarvi- Our results confirm several patterns previous- 
nen 1977, Savard 1978, Blair 1996). Rennes ar- ly documented in other cities and provide a 
chitecture is likely more suitable to breeding greater understanding and generalization of the 
swifts than that of QuCbec. Savard and Falls features structuring urban bird communities. In- 
(1982) showed that Rock Doves, House Spar- deed, we show that local features (site level) are 
rows, and European Starlings responded posi- more important than regional features (land- 
tively to building features that provided nesting scape level) in structuring urban bird commu- 
and resting places. In Syracuse, New York, Rock nities. For us, the urban habitat is an original 
Dove density was positively correlated to the ecosystem with its own biological processes and 
age of structures, supporting the importance of its particular species. However, more ecological 
architectural properties of buildings in the urban studies are needed, as for example, comparisons 
distribution of that species (Johnsen and Van- between cities especially including some tropical 
druff 1987). cities or quantification of biological rural-urban 

Part of the answer may also be “historic-cli- exchanges (e.g., role of corridor). A better un- 
matic:” the harsh winter of QuCbec forces birds derstanding of these newly created and evolving 
south in the winter and it may be more difficult ecosystems should help us understand natural 
for migratory species to adapt to the urban en- ecosystems, contribute to a better management 
vironment. Differences in climate also seem to of increasing bird-people conflicts, and assist us 
affect mostly native species, as introduced spe- in improving the quality of urban life. 
ties had comparable densities in Quebec and 
Rennes. Urban ecosystems are in constant ACKNOWLEDGMENTS 
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