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Introduction
An Australian study found that while suburban residential habitats
have some of the most diverse bird communities, larger parks contain the
greatest diversity of native birds (Taylor et al. 2013). In his book, Welcome to
Subirdia, John Marzluff introduces the idea that avian biodiversity trends similar
to those found in the Australian study can be found in bird populations in
Seattle (Marzluff 2015), and in a recent study did in fact find similar trends in
Seattle (Clucas and Marzluff 2015).
Urbanization affects resource availability for birds—especially in terms of
food, nesting sites, and roosting sites—in addition to causing an increase in
disturbance from constant human presence in urban areas (Parrish et al. 2011).
Areas with commercial development and transportation corridors show a
decrease in avian species richness (Latta et al. 2012). As noted above, finding
a middle ground—such as a suburban habitat—may prove to be a viable solution
to mitigating decreased biodiversity caused by completely urbanized habitats.
In these suburban habitats, people often place a variety of plants, shrubs, and
trees in their backyards, as well as birdfeeders, all of which provide food or
shelter to suburban birds.
I set out to answer three questions. Does urbanization have an impact
on avian species richness? Does urbanization have an impact on avian species
composition? Does urbanization have an impact on avian species occupancy
as measured by selected focal species? To do so, I studied species composition
and tracked three focal species—including invasive species and species sensitive
to development—to see the effects of u rba n i zat ion on av ia n occ upa nc y.
Nat ive forest species often avoid t he suburbs, alt hough some have adapted,
while urban (often invasive) species mostly avoid the forests (Schneider et al. 2015).
I hypothesized that heavily developed commercial areas would have the
fewest number of species, and would only support the more common species,
due to t he lac k of va r ie t y i n h abit at s (Lat t a e t a l. 2012). I a l s o pr ed ic ted
t h at r e side nt ia l areas would have about the same number of species, if not
more, than parkland areas, but would have different species due to differences
in habitat type (Taylor et al. 2013). Because suburban residential areas have a
wide variety of micro-habitats, as well as plentiful food sources, I expected to
find many species in these areas during my study (Marzluff and Rodewald
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2008). My study is unique in its use of occupancy modeling for evaluating
avian diversity in the city of Seattle. O ver t i me, t he s e m ic ro -h abit at s may
ac t ua l ly b ecome a for m of a novel e co s ystem (Ru sh e t a l. 2013).

Methods
Study Area: Wit h a n ice blend of com merc ia l, subu rba n resident ia l,

a nd pa rk la nd a reas, and a population of around 662,400 and growing (City

of Seattle, 2016), Seattle provided the perfect study site to examine the effect
of urbanization on songbird richness and occupancy. I chose 21 sites within

and just outside t he cit y limits of Seat tle, Wash ington (Fig ure 1) based on
populat ion density data provided by the 2010 US census (U.S. Census Bureau,

2010) and viewed from the free ArcGIS Explorer application (ArcGIS Explorer
Desktop, build 3400). Human population size in an area can be used as a proxy
for urbanization and is an important parameter when look ing at bird diversity
(Latta et al. 2012).

Using this census data, I classified commercial sites as areas with a

population den sit y of 25,0 0 0 or more people per squa re m i le. I c lassi f ied

resident ia l (suburban) sites as areas with a population density of 1,000 to
25,000 people per square mile. Finally, I classified large established parks

within residential areas as parkland sites in order to keep natural sites close
enough to the city to make repeated site visits. I used Google Maps (Google)
to identify potential sites and parks based on whether they were in the city

center, the suburbs, or larger parks within the suburbs. I then cross referenced those
sites with Arc GIS, p lus or min u s a block , to e n s u re s a mp lin g s ite s w e re

wi t hi n a p ub l i c park. I chose sites that were open to the public, spread out

across the northern and central areas in and around Seattle, and all at least
200 meters away from each other.

Study Species: My study focused on songbirds found in the Seattle

area, including passerines, corvids, woodpeckers, and hummingbirds. Most
native songbirds require native trees and plants both as sources of food

and as nesting habitat (Mississippi State 2017). Raptors were not included in

the study because their habitat requirements—larger trees and wooded areas,

and larger prey, such as smaller birds and mammals (Georgia DNR 2017)—are
different from those of songbirds, and their appearance can be incidental and
require more site visits to study effectively. Likewise, gulls, shorebirds, and

waterfowl were not included because their habitat requirements typically
include water features.
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Figure 1 Map of study area, with US Census data (population density per
square mile, 2010). Darker areas have a higher population density. Source:
ArcGIS Explorer Desktop, esri.

Research Protocol: I visited each of the 21 study sites three times, for a

total of 63 data points. During each visit, I conducted a five-minute point

count at a specific location, and I visited the same location within each site
on subsequent visits. As suggested by Taylor et al., I visited each site no more

than once per day. In my point counts, I recorded every songbird observed or
heard within a 50-meter radius for presence or absence. Upon arriving at each
site, I took a one-minute break before the five-minute count duration to allow
the birds to settle after my arrival. During this time I collected data on percent canopy

cover, percent understory cover, and the outside air temperature, which was
recorded via the nearest weather station. Canopy cover was measured using a

concave spherical densitometer, while understory cover was a rough estimate
of how much of the 50-meter radius was covered with low plants, shrubs, and

ferns. Canopy cover and understory cover are two ecological variables that
h a v e b e e n s h o w n t o b e i m p o r t a n t i n a s s e s s i n g h a b i t a t q u a l i t y f o r b i rd
diversity (Rush et al. 2013).
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Data Analysis: Species composition and alpha richness (total number of
sp eci es) were analyzed using avian presence and absence data. I first looked at
the alpha richness by urbanization category—all urban species were grouped
t oget her, all s uburban s p ecie s w e re g ro u p e d to g e th e r, a n d a ll p a rk la n d
sp eci es were grouped together. I used the R package Vegan (Oksanen 2016)
to create rarefaction curves for each of the habitat types to ensure that I had
sufficient samples. Rarefaction curves were based on the mean species
r i c h n e s s (exact) and 100 permutations. Then I used the Jaccard Index to compare
species composition b e t w e e n e a c h o f t h e s i t e s . I n t h i s c a s e , I r a n t e s t s f o r
c o m m e rc i a l - re s i d e n t i a l , residential-parkland, and commercial-parkland to
see if the species composition was different for varying levels of urbanization.
Real’s tables of significance for Jaccard index values were used to determine
which Jaccard values were statistically significant (Real 1999).

Jaccard Index
Jaccard Index = C / ( A + B – C )
Where C = # species in common, A = # species in group 1, B = # species in group 2
Equation 1 Jaccard Index of Similarity

Occupancy modeling is good for studying a species’ range and distribution,

and is concerned with estimating areas where a species should be based on
actual observations (MacKenzie et al. 2005). It is a statistical technique that

allows us to estimate whether a species is present but not counted or simply
not present in a given area (USGS 2017). In this case, I looked at what might

cause a species to be present or absent based on measured covariates and on

my presence and absence data for that species. I selected three focal species
for which to run occupancy models: the American Robin (Turdus migratorius),
Spotted Towhee (Pipilo maculatus), and European Starling (Sturnus vulgaris).

T he Spo tted Towh ee is a n ativ e fore s t bird , th e E u rop e a n S ta rlin g is a n
i n vasi ve species and primarily an urban generalist, and the American Robin

is a suburban generalist. Previous studies have shown that most native forest
species often avoid the suburbs, while urban and invasive species often avoid
the forests (Schneider et al. 2015). I used the program PRESENCE (Hines 2016)
to run occupancy models for the three species to determine which covariates

(including site classification, ground cover, canopy cover, weather, and time
of day) had an impact on their presence.
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Results
Alpha Richness:
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Figure 2 Alpha Richness, mean total number of species observed for each habitat type.
More species were observed in the parkland habitats than in urban habitats. In total, 26
species were observed in parkland habitats, 19 in residential habitats, and 11 in
commercial and urban habitats.

Overall, species richness was the highest in the parkland habitat
(Figure 2, alpha = 26) and the lowest in the commercial habitat (Figure 2,
alpha = 11). My species accumulation curves (Figure 3) for all the sites begin
to level off and get flatter as the number of sites visited increases, especially
in the commercial and residential habitats, indicating that I have sufficient
sampling for my study.
Th e p arklan d an d res id e n tia l h a bita ts s h a re d a bo u t h a lf of th e i r
sp eci e s in common (Table 1, 55.2%) while the parkland and commercial
habitats only shared about a quarter of their species in common (Table 1,
27.6%). This means that not only do urbanized commercial habitats have fewer
species than either the parkland or residential habitats, the fewer species that
they do have are different from the other two types of habitats studied.
Occupancy Modeling: I ran occupancy models for three selected focal
species, producing AIC scores for these species. AIC scores allow us to fit
different covariate models to species occupancy data. Lower relative AIC scores
indicate a better fit, and any score within a delta AIC of two from the best fit are
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Figure 3 Number of species encountered as a function of the number of sites visited. As
the number of sites visited increased, the number of new species encountered decreased
and started to level off, especially in the commercial and residential areas.

considered to have “substantial support,” while any score less than four delta

AIC from the best fit are considered to be more weakly supported (Burnham
and An der son 2 0 0 4 ). For the American Robin and European Starling, a model

incorporating site classification (parkland, residential, or commercial) resulted in some

of the lowest AIC scores (i.e., the best models) among the models run (Tables 2, 3, and
4). With the Spotted Towhee, ground cover resulted in the best-fitting model (Table 4).
Table 1 Jaccard Index of similarity between habitat types. Parkland and suburban
residential sites showed the most similarity, parkland and commercial the least.

Habitat Types

Percent Similarity

Statistically
Significant?

parkland and residential

55.2%

Statistically similar

parkland and commercial

27.6%

No

residential and commercial

36.4%

No
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Table 2 Occupancy models for American Robin using the program PRESENCE,
simple single season analysis. Site classification was the best model, while
canopy cover and ground cover had little impact on occupancy. Models
highlighted in grey have a Delta AIC of less than two and are considered to have
substantial support.
Model

K

AIC

Delta AIC Weight

Ψ(site classification)p(.)

3

57.61

0.00

1.0000

Ψ(site classification)p(visit)

5

57.78

0.17

0.9185

Ψ(site classification)p(time)

6

59.41

1.80

0.4066

Ψ(site classification)p(weather)

6

59.77

2.16

0.3396

Ψ(.)p(.)

2

70.15

12.54

0.0019

Ψ(ground cover)p(.)

3

75.47

17.86

0.0001

Ψ(canopy cover)p(.)

3

88.69

31.08

0.0000

Discussion
My data does not support my hypothesis that suburban residential habitats

would have about the same number of species as parkland areas, but it does

support my hypothesis that urban commercial areas would have fewer species
than both the suburban residential areas and parkland areas (Table 1). The

increase in parkland area birds and decrease in residential area birds that I
observed could be due to the types of species I studied, as I would have more
or fewer species by including or excluding certain groups of birds from my
study. This could also be due to the time period of my sampling—about three

weeks in May. Clucas and Marzluff ’s study involved monthly observations
between April and June. Many migratory songbirds might use suburban
habitats, and that data may not have been captured by my study, as most of
my species observed were year-long or spring and summer residents.
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Table 3 Occupancy models for European Starling using the program PRESENCE, simple
single season analysis. Site classification was the best model, while ground cover,
weather, and time had little impact on occupancy detection. Models highlighted in grey
have a Delta AIC of less than two and are considered to have substantial support.

Model

K

AIC

Delta AIC Weight

Ψ(site classification)p(.)

3

76.69

0.00

0.2979

Ψ(canopy cover)p(.)

3

77.94

1.25

0.1594

Ψ(.)p(.)

2

78.19

1.50

0.1407

Ψ(site classification)p(visit)

5

80.16

3.47

0.1764

Ψ(ground cover)p(.)

3

81.22

4.53

0.1038

Ψ(site classification)p(weather)

6

82.12

5.43

0.0662

Ψ(site classification)p(time)

6

83.48

6.79

0.0335

I used the Jaccard index to compare species composition among my
study sites, and I found that the parkland and residential habitats shared 55%
of their species in common, a number which is statistically significant, suggesting
that the species compositions between the two habitat types are fairly similar.
I also found that parkland and commercial areas overlap in just 27%
of their observed species, which, while not statistically significant, is an
interesting result in itself. It could be that these urban, and often invasive,
speci es are makin g th eir wa y in to th e s u bu rbs a n d p a rk la n d a re a s a nd
aff ect i n g the species composition in these places. Because my parkland areas
were near or within the city limits of Seattle, it is possible that these areas
were really more suburban in terms of their species composition, thereby
affecting my results.
M y o c c u p a n c y m o d e l s f o r t h e S p o t t e d To w h e e — a s p e c i e s w h i c h
p re f e r s to forage on the ground and needs shrubs for cover—suggest that for
this species, site classification is not as important as ground cover when
determining occupancy, since the delta AIC for site classification was 10.89
(Table 4), more than six units away from the AIC for ground cover. It is interesting
to note that the best model for predicting Spotted Towhee occupancy was the
model incorporating ground cover and visit, with ground cover and weather
being a close second. This is especially of interest given the species’ need for
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Table 4 Occupancy models for Spotted Towhee using the program PRESENCE, simple
single season analysis. Ground cover was the best model, while time had little impact on
occupancy detection. Models highlighted in grey have a Delta AIC of less than two and
are considered to have substantial support.

Model

K

AIC

Delta

Weight

AIC
Ψ(ground cover)p(visit)

5

29.91

0.00

1.0000

Ψ(ground cover)p(weather)

6

30.77

0.86

0.6505

Ψ(ground cover)p(.)

3

33.91

4.00

0.1353

Ψ(site classification)p(.)

3

40.80

10.89

0.0043

Ψ(.)p(.)

2

46.37

16.46

0.0003

Ψ(canopy cover)p(.)

3

47.83

17.92

0.0001

Ψ(ground cover)p(time)

6

47.88

17.97

0.0001

shrubby habitat (Table 4); specifically, Towhee sightings increased as ground
cover increased. Once the percent ground cover dropped below 56%, there
were no more sightings for this species (Figure 4).
For other species, like the American Robin, site classification is an
important factor in determining this species’ occupancy (Table 2). Likewise,
for the European Starling—a generalist and an invasive species—site classification
was the best fitting model, with weather and time having little impact on this
species’ occupancy. Overall, I found that avian species abundance and composition
were affected by urbanization, and generally not affected as much by other
covariates such as weather, time, canopy cover, and ground cover—with the
exception of the Spotted Towhee. This suggests that native forest species are
not only affected by urbanization, but may have some other habitat needs as well.
My findings are not entirely consistent with the findings of Clucas and
Marzluff (2015), but similar conclusions can be made. Clucas and Marzluff
divided eight study sites in Berlin and eight study sites in Seattle across four
levels of urbanization based on the average number of residents per hectare.
Through my study it became apparent that urbanization does have an impact
on native songbird diversity, but the differences in species richness between
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Figure 4 Spotted Towhee sightings vs. ground cover. Squares represent Towhee
sightings, circles represent Towhee absence. Towhees were only observed when the
ground cover was greater than 56%.

residential and parkland habitats remains unclear. In my study, species
richness dropped in the more suburban residential areas whereas Clucas
and Marzluff (2015) saw an increase in species abundance.
My natural areas were larger parks in and around Seattle, and were
classified in a way similar to the classification used by Taylor et al., so it is
possible that m y n a t u r a l p a r k l a n d a re a s w e re re a l l y m o re s u b u r b a n t h a n
n a t u r a l , t h e re b y affecting my results. Future studies may want to consider
city and urban planning sectors as a different proxy for urbanization, in
addition to human population density, which would allow for capturing data
from heavily industrial areas with lots of human activity, but little housing,
and provide a better overall picture of the actual land use.
There are steps we can take to reduce our impact on avian diversity as
we become more urbanized. For instance, we can plan our cities and suburbs
to provide a variety of habitats to support a more diverse array of birds
(Clucas and Marzluff 2015). Suburban parks hold a wide variety of species,
and are important habitats for both native and migratory birds. We can protect our
existing natural, urban, and suburban green spaces, create new green spaces
as new developments are put in, and restore developed sites that are no longer
used (Marzluff et al. 2008). Magnuson Park was once a military airfield, and
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has since been restored to a park with an extensive network of wetlands. This
si t e con tain ed 15 s p ecies , h alf of th e tota l n u mbe r o f s p e cie s I fo u n d o v e r
t he cours e of my s tudy. Th is s h ow s th a t if w e p re s e rv e th e la n d s ca p e s , th e
bi rds will us e th em.
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