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Abstract

This study evaluated the causes and effects of habitat heterogeneity in suburban
conservation areas of the metropolitan Vancouver area. Site disturbance, soil
conditions and plant associations were evaluated for their relationship to habitat
heterogeneity. Habitat heterogeneity was correlated with breeding bird
populations and the type of birds found.

Three, urban conservation sites were surveyed for site conditions and avian
populations. Data were spatially referenced in a geographic information system
(GIS) and a habitat diversity index rating was calculated for each site. Site
habitat diversity ratings were compared with the avian species richness and the
birds recorded were classified as urban exploiters, adapters or avoiders.

It was found that human disturbance and biotic succession had produced a
mosaic of seral stage plant communities that increased habitat heterogeneity.
Site-level habitat heterogeneity was correlated with avian species richness. All
categories of urban and non-urban birds were recorded.

Suburban conservation areas can support high avian species richness,
including urban avoiders. Site-level habitat heterogeneity and avian species
richness are strongly correlated. These findings can assist in selecting and
managing urban conservation sites to maintain regional biodiversity.

Keywords: urban biodiversity, site-level habitat diversity, habitat diversity
index, urban exploiters, urban adapters, urban avoiders, conservation.

1 Introduction

The extensive and intensive alteration of land cover associated with urbanization
negatively impacts biodiversity in urban regions [1] with more biodiverse
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regions being at greater risk for biodiversity loss [2]. In most urban regions, non-
native species abound, habitats are fragmented, habitat quality is poor and
species migrations are disrupted, leading to high rates of local extinctions [2, 3].

While these regional impacts of urbanization are well established, the causes
of local land cover change, its impacts and the appropriate measures to support
site-level biodiversity are less well understood. This study evaluated human
disturbance as a cause of habitat diversity (or heterogeneity) and the effects of
habitat heterogeneity on avian species richness and avifauna community
composition, in suburban conservation areas, in order to better manage such sites
to support regional biodiversity.

These findings can assist in selecting and managing urban conservation sites
to maintain regional biodiversity.

Despite the negative effects of urbanization, many cities were founded in
biologically diverse eco regions that still support significant species richness and
remnant populations of uncommon species [4, 5]. Such regions may play crucial
roles in supporting regional and even hemispheric biodiversity [2, 4, 6].
Preserving the remaining biodiversity in urban regions will require conservation
actions that are informed by direct local knowledge [7-9].

2 Habitat heterogeneity and species richness

Habitat heterogeneity is a measure of the diversity and evenness of variation in
land cover. It has been consistently correlated with avian diversity [10—16].

Studies of patch level avian habitat have typically used point source data of
structural or floristic diversity as measures of both habitat diversity and quality.
However, habitat diversity is dependent, in part, on the scale of observation and
must be measured at the corresponding landscape scale [17]. This study used a
site habitat diversity index (HDI) to measure the effect of habitat heterogeneity
on avian species richness. The HDI is a more suitable measure of site level
diversity than point source data, since it incorporates the variation among all
habitats on a site and not just the diversity within individual vegetation patches.

Human disturbances, such as industrial activity, clearing and filling are
intrinsic to cities. When sites are abandoned after disturbance, biotic succession
follows. Grasses and herbaceous plants colonize the bare soil, followed by
pioneer woody plants [18]. Small patches of incremental disturbance and
subsequent plant succession within a site result in the development of a shifting
mosaic of different seral stage plant communities.

Diverse plant associations may also develop in response to variation in
environmental gradients such as soil moisture, fertility and pH [19-21]. Thus,
the plant associations found on any site may result from biotic succession in
response to site disturbance or the environmental gradients of the site, or a
combination of the two.

3 Urban birds

Birds that occupy early seral stage landscapes increase in number in suburban
environments by taking advantage of the supplemental food and nest sites
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provided by these anthropogenic habitats and are termed urban adapters [22-26].
Urban adapters include edge species, omnivores, ground foragers, corvids,
seedeaters and aerial sweepers such as swifts [25, 27]. Swallows Tachycineta
spp., Bewick’s wren Trogolodytes bewickii, red-winged blackbird Agelaius
phoeniceus, American robin Turdus migratorius, Anna’s hummingbird Calypte
anna, American goldfinch Carduelis tristus and chestnut-backed chickadee
Parus rufescens are representative species [28].

Other birds have been categorized as urban avoiders and urban exploiters
[27]. Both urban adapters and urban exploiters are synanthropic species i.e.
species associated with humans [24, 26] while urban avoiders are considered to
be non-synanthropic. Urban exploiters include cliff dwellers, cavity nesters,
ground foraging seedeaters and omnivores [25]. Peregrine falcons Falco
peregrinus, house sparrows Passer domesticus, European starlings Sturnus
vulgaris and European rock doves Columba livia are urban exploiters and may
be found in the downtown cores of many cities [25, 27]. Urban avoiders include
interior nesting birds, tree foraging insectivores, neotropical migrants, and
ground nesting birds [25, 27]. Representative species include western wood
pewee Contopus sordidulus and Hutton’s vireo Vireo huttoni [27]. Research has
shown that urban exploiters, adapters and avoiders are non-randomly assembled
in urban environments [25].

The designation of bird species as urban exploiters, adapters and avoiders is
incomplete. Not all birds have been categorized; some authorities differ as to the
appropriate category for a species and some species may behave differently in
different regions. For example, Blair [27] considered Steller’s jay Cyanocitta
californica to be non-synanthropic, while Donnelly and Marzluff [26] considered
it to be a synanthropic species. Because it is frequently found at residential bird
feeders in this region it was considered to be an urban adapter in this study.

These differences in classification may result from the fact that there is a
continuum from true urban avoiders that never venture into urban realms to
adaptive-avoiders that make minimal use of urban/suburban habitats [26, 29].
Since the study sites were suburban, it would be expected that urban adapters
and exploiters would be numerous while urban avoiders would be absent or
minimally present.

4 Methods

Three urban conservation areas were selected for study because their similarities
maximized control of both site conditions and offsite factors. As well as similar
size, location and vegetation, the three sites shared a history of industrial use,
abandonment, biotic succession and subsequent protected status. Each site
contained a combination of ruderal vegetation, remnant islands of natural
vegetation and some managed vegetation. The sites were in coastal locations and
had protected status. Two were municipal parks and the third was a designated
wildlife management area. All three sites were surrounded by suburban
residential communities, with second growth conifer forest on the inland side
(see figure 1).
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Figure 1: Location of research sites in the metropolitan Vancouver area.

5 Site inventories

Inventories of site disturbance and soil moisture and fertility were conducted to
determine the causal factors of the mix of habitat types on each site. Birds were
surveyed for species richness and the composition of the avian community.

5.1 Soil moisture and fertility

Native indicator plants of coastal British Columbia were used to infer soil
nitrogen and moisture gradients. The method developed by Klinka et al. [30]
uses native plants of coastal British Columbia to indicate site climate and a site’s
soil moisture and nitrogen gradients. In this classification system, soil nutrient
regimes range from very poor to very rich and each plant species indicates a
gradient of nutrient and moisture levels.

5.2 Vegetation surveys

Aerial photo analysis was used to identify vegetation association patches. This
was followed by field surveys to establish patch boundaries and quadrat
inventories that recorded the plant associations of each patch on each site. The
plant associations of each vegetation patch were converted to habitat types,
digitally mapped using GIS Arcview and the area of each habitat patch
determined.

WIT Transactions on Ecology and the Environment, Vol 144, © 2011 WIT Press
www.witpress.com, ISSN 1743-3541 (on-line)



Ecosystems and Sustainable Development VIII 17

5.3 Bird surveys

Birds were surveyed using line transects of each habitat patch on each of the
three sites. Surveys were conducted in the early mornings of four consecutive
days between mid-May and mid-June. Only birds that were foraging or singing
from perches were recorded. Territory mapping was used to transform multiple
sightings into breeding territories [31]. All birds were classified as urban
adapters, exploiters or avoiders. Those birds that fit the criteria of urban avoider
but that nevertheless were recorded on the suburban conservation areas in this
study were labeled adaptive-avoiders.

5.4 Time since disturbance

Since taking tree core samples was not an option on these public sites, an aerial
photo analysis was used to determine the age of each vegetation patch on each
site. Stereoscopic aerial photos of the study sites were obtained for the period
1926 to 1999. (After 1999, all the study sites were protected and no new
disturbances occurred.) Aerial photography was conducted approximately every
7 years during the period 1926-1999.

The aerial photo analysis showed major disturbances, i.e. site clearing or
filling that substantially altered the vegetative community of a patch (see
Figure 2). The date of the survey showing the last major disturbance for each

Figure 2:  Site 2: Maplewood Flats 1979, showing the extent of disturbance
due to extensive filling.
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polygon was subtracted from 1999 to calculate the approximate time since
disturbance for each patch.

6 Habitat diversity index

To establish the relationship between habitat heterogeneity and avian species
richness on the study sites, it was necessary to first measure the habitat
heterogeneity of each site. Table 1 was constructed using the habitat maps that
had been developed from the vegetative inventories.

Table 1: Habitat areas and percent of site area across all study sites.
Habitat Type Sites
1) Cates Park 2) Maplewood 3) Shoreline Park
Wildlife Area
Area (m’) (?it(;f Area (m’) "é)it(;f Area (m’) (ysoit(;f
Clearing 11,170 5 3,859 1 5,572 2
Meadow - - 8,105 3
Old Field - - 100,906 36
Lawn & Trees 65,677 30 - - 63,009 17
Hedgerow - - 4,338 2
Shrub - - 13,349 5 50,379 13
Forest Deciduous - - 122,040 44 96,031 26
Forest Coniferous | 23,380 11 - - 85,084 23
Forest Mixed 120,153 54 - - 35,248 19
‘Wetland Freshwater - - 4,896 2 538 0.1
Wetland Salt - - 17,845 7 36,667 10
Totals 220,380 100 275,338 | 100 | 372,528 100
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A habitat diversity index (HDI) was calculated for each site using the
Simpson’s reciprocal diversity index. Simpson’s diversity index is often used in
ecology to quantify the diversity of a habitat [32]. It measures both the richness
or number of species per sample and the evenness or relative abundance of
different species in the sample.

Simpson’s Index (D) is calculated as:

D= 2n(n-1)
N(N-1)

where n= the total number of organisms of a particular species and N= total
number of organisms of all species. In this study, N = total number of habitats
within a site, n = percent area of each habitat type within a site. Used in this way
an index of 0 equals infinite diversity and 1 = no diversity. Because this is
counter-intuitive, the Simpson’s reciprocal index (1/D) was used. For the
Simpson’s reciprocal index, (1/D), the higher the number the greater the
diversity. The HDI rating for each site was then compared to the number of bird
species using the site.

7 Results

7.1 Soils

All sites were found to be relatively fertile and different habitat types shared
similar moisture and fertility levels. All soils had moisture levels of fresh to very
moist, except wetland habitats that were wet to very wet. The soil analysis also
revealed that soil fertility did not differ greatly between the study sites or the
different habitat types. Of twelve habitat types, eight were rich to very rich and
the rest were in the medium to rich categories in terms of soil nutrients. Neither
soil fertility nor moisture was found to be a limiting factor to plant growth on the
study sites. Moisture levels were high, even in summer, and fertility levels were
medium to very rich.

7.2 Disturbance

The time since disturbance analysis showed that while the different habitat
patches shared similar moisture and fertility levels they differed in age. Patches
ranged from a maximum of 50 years to a minimum of 7 years since disturbance.

7.3 Birds

Sixty-five bird species recorded on the three study sites. The majority of the bird
species found were urban adapters (39) or exploiters (6). This list of
synanthropic species included such urban exploiters as European starling, rock
dove, and such urban adapters as American goldfinch and northern flicker
Colaptes auratus. The 45 synanthropic species comprised 69 percent of the
species recorded. This included diving and dabbling waterfowl not usually

WIT Transactions on Ecology and the Environment, Vol 144, © 2011 WIT Press
www.witpress.com, ISSN 1743-3541 (on-line)



20 Ecosystems and Sustainable Development VIII

associated with suburban areas but which are common on protected salt water
habitats in this region. Twenty species of urban adaptive- avoiders were found on
these suburban conservation sites.

7.4 Habitat diversity and avian species richness

The HDI ratings for the three sites ranged from 2.5 — 5.3.  The number of bird
species recorded on each site ranged from 28 — 46. Figure 3 shows that bird
species richness increased with increasing habitat diversity for all three study
sites.

60 mSite HDI
o 90 1 4_6_ _ﬁ Rating
G40 - SBird
) 28 Species
2 30 —
- 20 |
=
m10 { 25 3.1 53
# o0 L= . —

Cates Maplewood Shoreline
Flats Park

Figure 3: Site habitat diversity index versus bird species richness.

8 Conclusions

The key findings may be summarized as follows:

1) Unplanned, incremental, human disturbance and subsequent biotic
succession created the mosaic of multiple seral stages found on each of
these sites.

2) The seral stages function as multiple habitats creating the HDI
measurements recorded.

3) As HDI increases, avian species richness also increases.

4) Many bird species that had been classified as urban avoiders were found
to use these suburban, disturbed conservation areas.

9 Discussion

9.1 Habitat heterogeneity and its interactions

In forest ecosystems in this region, multiple seral stages increase site level
habitat heterogeneity and forests having a greater diversity of vegetative
composition have greater avian species richness [33].

WIT Transactions on Ecology and the Environment, Vol 144, © 2011 WIT Press
www.witpress.com, ISSN 1743-3541 (on-line)



Ecosystems and Sustainable Development VIII 21

The number of bird species within a habitat patch has been found to increase
as the patch size increases. For example, a broadly based study of species/area
relations in the United Kingdom and Scandinavia found that bird species
richness in 15 hectare woods generally approached a doubling of those found in
1 hectare woods [34]. However within fragments of equal size, those fragments
that are more heterogeneous will tend to support a greater number and variety of
species than those which are more homogeneous. This may be because
heterogeneous habitat fragments are less susceptible to local extinction than
more homogeneous habitats [35].

Most studies of urban adapters have looked at the matrix of the suburban
landscape [26, 27, 36]. This study found that suburban parks and conservation
areas are special patches within the suburban landscape matrix that have higher
and different habitat values than the general matrix. Proportionately larger
numbers of birds that are considered to be urban avoiders used these habitats
(31% of all birds recorded). The urban avoiders recorded in this study were
comprised of interior nesting birds such as pileated woodpeckers Dryocopus
pileatus, neotropical migrants like Hutton’s vireos, western tanagers Piranga
ludoviciana and Wilson’s warblers Wilsonia pusilla and shorebirds such as
solitary and spotted sandpipers Tringa solitari and Actitis macularia. Habitat
heterogeneity was found to support increased avian species richness for edge,
synanthropic species and also for non-synanthropic urban avoiders. This
suggests that in suburban parks and conservation areas, where there are often
limited opportunities to increase the size of habitat, increasing the HDI may be a
useful tool to increase site level avian diversity and support so called urban
avoiders.

In assessing the relationship between avian species richness and landscape
attributes, it is necessary to consider both the local and the regional landscape
[35, 36]. The effect of local habitat heterogeneity is moderated by other
ecological factors such as habitat area, quality, isolation, and the landscape
matrix surrounding the habitat patch. These and other factors are simultaneously
functioning to determine bird species distribution in the landscape mosaic [37—
40].

In the Metro Vancouver region, significant areas of second growth forest are
protected as watersheds that provide the regional drinking water. These large
patches of intact conifer forest provide habitat for urban avoider species and
likely contributed to their presence on the nearby suburban study sites.

9.2 Site trajectory

As the study sites are parks and conservation areas, they are now protected from
the kind of small scale, intermittent disturbance that led to their present
condition. In the absence of active management, these sites will, through
succession, develop a more uniform plant community. This will result in a
reduction of the site habitat diversity rating with attendant reductions in the
numbers of vertebrate species.
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9.3 Role of disturbance

Within the three study sites the same disturbance that created mixed seral stages
has allowed the introduction and spread of invasive plant species. The most
widespread of these is Himalayan blackberry, Rubus discolor. This plant has
important habitat value; it provides thicket cover for various sparrows, especially
fox and song sparrows, passerella iliaca and melospiza melodia. The berries are
eaten copiously by many birds and by black bears, ursus americanus and the
plant is a nectar source for several butterflies. Another invasive alien plant,
Japanese knotweed, Polyganum cuspidatum 1is becoming increasingly
widespread on the three study sites. These invasive alien plants alter the local
biotic community directly through their presence and indirectly through such
responses as niche displacement and species evolution in response to the invader
[41]. Over time we may expect that the negative effects of invasive plants will
increase unless effective control programs are introduced. We would expect
blackberry to become a smaller component of the sites as it is shade intolerant
and will die out under the forest canopy [42]. The knotweed will continue to
spread and, if left unchecked, will in time form a monoculture on the forest floor.

Local land cover, invasive plant species, disturbance, the cessation of
disturbance and other unseen forces such as climate change and habitat loss
elsewhere will affect the levels of biodiversity found on such suburban sites.
These influences are happening now and will continue to effect change. It is
expected that climate change will contribute to the spread of invasive species and
decline in the populations of native species.

9.4 Implications for conservation

These findings have implications for the selection and management of
conservation sites in urban ecosystems. In selecting new conservation areas, sites
that contained multiple seral stage plant communities and that had high HDI
ratings would be preferred over sites having lower HDI ratings, if the
conservation goal was to maximize general avian diversity in the urban region.

In managing suburban conservation sites like those in this study, human
energy inputs in the form of controlled disturbance or ecological restoration
could be used to increase their HDI rating and control invasive plants. This
might mean periodically thinning the woody plants in an old field habitat,
removing invasive plants or restoring a degraded wetland. The study has shown
that past, unplanned human disturbance has inadvertently increased habitat
diversity and species richness. It has also demonstrated that high avian diversity
values can be found on such sites. Intentional interventions that increase habitat
heterogeneity can now be used to increase site habitat diversity indices and
enhance site level avian diversity in suburban conservation areas.

If we are to maintain global biodiversity, the global application of ecosystem
management and restoration will be required [43]. Within regional conservation
agencies, there exists a great need to develop and institutionalize adaptive
ecosystem management based on the scientific understanding of local human
ecosystems, rather than simply setting land aside in conservation/recreation.
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