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Abstract

Urbanization alters the influence of weather anthary productivity on avian
populations in the Seattle metropolitan area

Benjamin Shryock
Chair of the Supervisory Committee:

Professor of Forest Sciences John M. Marzluff

School of Environmental and Forest Sciences

Two novel, abiotic challenges that affect primargguctivity, and the
biodiversity dependent upon it, are urbanizatiod elimate change. Increased levels of
urbanization cause an inversely proportional desséaprimary productivity, while
climate change promises concurrent changes in textype and precipitation. Although
the effects of climate change are difficult to pegdhe effects of El Nifio years in the
Pacific Northwest are similar to the changes culyeredicted with climate change and
may provide an insights into the long-term changesthis end, | utilized a 250m
resolution Normalized Difference Vegetation Indegdquct from the MODIS satellite as
an estimate of primary productivity and the Ocediifto Index as a way to estimate the
strength of the El Nifio -Southern Oscillation. Betriables were correlated with ten
years of bird richness and relative abundancetdaiaderstand how the influence of

primary productivity and weather changes with ttage of urbanization. Primary



productivity was found to exert a strong influereebird populations in landscapes
undergoing active development, and much less imsaséestablished housing
development or forested reserves. Relative togmyrproductivity, weather was much
less influential on bird populations at activelyaolying sites, and more influential than
productivity in forest reserves. Birds in estdirdid developments are the least influenced
by weather, perhaps because anthropogenic subaigiggsovided and harsh weather is
buffered. This indicates that once the landscapempmes mature, housing
developments are not strongly influenced by prinpaoductivity or weather; thus,
developers should be encouraged to minimize tleedbsegetation during development
and home owners should attempt to quickly achieaire landscaping that preferably

provides food and shelter for wildlife.
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INTRODUCTION

Animals increasingly confront new challenges, meagulting from human
activities that are extensive and enduring. Wiy challenges may be difficult to
eliminate in a human-dominated world, by understamtheir effects it may be possible
to affect minor changes that significantly imprdkie chances for animals to thrive. Two
such novel challenges are urbanization (Miller Blatbbs, 2002) and climate change
(IPCC, 2007; Mgller, 2013). Both are rapidly chizggabiotic factors that affect primary
productivity and the biodiversity dependent upotJitbanization influences primary
productivity in a predictable way, with a decreasproductivity in proportion to the
level of urbanization (Bino et al., 2008). Urbaniaa also interacts with climate, most
obviously in forming the urban heat island, a pattbat has been intensifying in recent
years (Hoffman and Schliinzen, 2013). Concurreahngés in precipitation are less
consistent than increased temperatures associdtethe urban heat island, but
increased downwind precipitation is a common efééatrbanization (Blake et al., 2011).
Climate change has observable effects on planaamdal species as well as the
communities and ecosystems they compose; changas@phenological mismatches,
shifts in species ranges, and response to distceb@4alther 2010). Urbanization is
exerting an equally pervasive force on ecologicahmunities (Chace and Walsh, 2006;
Marzluff et al., 2008), particularly as it removésgments, and degrades key habitat
elements (Alberti 2005) and changes natural cy@egeman et al., 2011; Golman et al
2005). Animals that find themselves in these ndwdgmented landscapes must cope
with the changes in vegetation cover and the chamgenergy provided, either directly

or indirectly, by the remaining plants. Yet théeiractive effects of urbanization and
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climate on plant and animal populations, while imt@ot, are rarely studied (Liu et al.
2007; Mgler, 2013; Sehgal, 2010; Zuckerberg etfll1). Investigating the effects of
current climatic variability, such as the El Niffdouthern Oscillation (ENSO), in urban
ecosystems can help fill this important void.

Suburban temperate forests experience both seamothgkearly climatic
variability and changes in primary productivity asisted with urbanization; birds must
routinely cope with both. The severity of the erties and local habitat conditions
dictate which species will thrive and which willali@e. Numerous recent studies have
found primary productivity or available energy,masasured by satellite based remote
sensing, to be a good predictor of species richaegarious spatial scales (Bino et al.,
2008; Goetz et al., 2007; Laurent et al. 2005; L @€06; Marshal et al., 2006;).
However, there are relatively few published repon®stigating the use of productivity
as a predictor of avian species richness in urbaddcapes (Gottschalk et al. 2005) and
fewer yet that relate this to the effects of climatn a large-scale study, Luck (2006)
found that species richness tracks human populdgosity, despite the effects of
urbanization, because humans routinely select th&t productive areas for settlement.

Given the inherent variability associated with sifaun landscapes, methods that
can quickly and accurately measure important viegalre imperative. Measuring
primary productivity in the patchiness of the sulaur landscape lends itself to a satellite-
derived index of vegetation greenness known adlthrenalized Difference Vegetation
Index (NDVI). NDVI, which synthesizes both vega&atquantity and health, has been
shown to be an accurate predictor of vegetatiomicaud productivity (Buyantuyev and

Wu, 2008; Pifieiro et al., 2006). Particularly wiltie release of more complete time
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series data, recent studies have been commonlywmake of Landsat TM or ETM
derived NDVI due to the improved temporal resolatamd moderate spatial resolution,
which is superior to MODIS; however, the tempoesalution is still not as fine as the
MODIS data, particularly in the Pacific NorthweBINW) where frequent cloud cover
further reduces the temporal resolution in the @rimionths (Newton et al., 2009).
Along the same lines, aerial photograph interpi@tathe traditional and still frequently
utilized form of remote sensing, has high spatabtution, but even poorer temporal
resolution than Landsat. The combination of extelspatial resolution and poor
temporal resolution make aerial photography thalidkoice for short-term studies with
excellent spatial detail. However, systematicagrnotographs of my study area during
the period of bird surveys are only available foe summer time-point in 2002, 2006
and 2009 (WAGDA, 2013). This limitation of poomntporal resolution with Landsat or
aerial photography would both limit my ability toaurately assess yearly mean NDVI
and chances to find for yearly changes in theimlahips between bird populations and
primary productivity or weather.

Fortunately, MODIS (MODerate resolution Imaging &peradiometer) NDVI
products offer an option for greatly improved temgdoesolution, without a debilitating
sacrifice in spatial resolution over Landsat ETN aerial photography (Buyantuyev and
Wu, 2008). | also considered using the Leaf Areleindata that is available from
MODIS, but it suffers from some of the same limdgatas NDVI and has a spatial
resolution of 500m as opposed to the 250m resolutidhe NDVI product. The
improved temporal resolution and respectable dpa&isalution may provide a more

accurate predictor of avian species richness anddance than simply maximum NDVI
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of one or two images, particularly in an area ugderg rapid land clearing and
subsequent home construction.

Similarly to using a synthetic variable such as NBd/represent primary
productivity, the Oceanic Nifio Index (ONI), a maasof ENSO, provides a synthetic
climate variable that may represent future pattéraémate change models are accurate.
Although it is clear that no single weather varglduch as temperature or precipitation,
is adequate to predict changes in productivityiat populations, a larger climate
variable such as the strength of the ENSO may k@wager predictive power.

The Seattle metropolitan area is an excellent iocdb study the convergence of
a variable landscape and climate. The significintatic effects of ENSO are relatively
well understood and predictable (Kogan, 2000). foug change in normal storm track El
Nifio winters in the PNW are drier and warmer tharmal which may benefit resident
bird survival; however, the decrease in soil meestontent for the subsequent summer
(Baker et al., 2010) can reduce primary produgtiflii and Kafatos, 2000), which could
negatively effect bird reproduction. In additidhe urbanizing fringes of Seattle are
undergoing rapid and extreme changes in land ctasaal, use and wildlife habitat
(Donnely and Marzluff, 2006), which, in the landgeaurrounding Seattle, often results
in a sharp decline and subsequent, although majeedtound in productivity. Distinct
changes in the patterns of avian species richmdssh are, at least partially, explained
by urbanization, have occurred near Seattle (M&rZ2005). However, the extent to
which interactions between climate, urbanizatiod pnmary productivity are shaping

this shift is not well understood.
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STUDY OBJECTIVES

The abnormal weather that results from ENSO (warchdxy El Nifio winters)
resembles the predicted effects of sustained afirdladnge and provides an opportunity
to examine the interaction of a rapidly changinglicape and climate. By comparing
long-established residential developments (Develgites) and forested reserves
(Reserve sites) with sites that were cleared amdldped between 2001 and 2010
(Changing sites), | have the opportunity to exanmoe weather variability associated
with ENSO and changes in primary productivity dgrand following development
influence bird populations over time. This is egsgly a glimpse into how birds will
cope with a rapidly changing world. Correlating guotivity and weather with bird
population metrics in each of these three sitesypid allow me to understand how
urbanization changes the impact of large scaletiabfactors on bird populations. |
expect that primary productivity will be stronglgreelated with bird populations at
Changing sites, but will explain much less variatéd Developed or Reserve sites: the
loss of native vegetation at Changing sites walctea level at which bird populations are
forced to respond. With productivity becoming sachimportant factor at Changing
sites, | predict that weather will have compardyivess influence on birds and on
primary productivity. At Reserve and Develope@sithowever, | hypothesize that
weather will explain more variation in bird popudat metrics than productivity because
productivity is relatively consistent throughout study and cold Winters and Springs

associated with El Nifio will decrease bird aburodan

ASSUMPTIONS
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This study relies on a few assumptions in ordelréav conclusions about the
influence of productivity and weather on bird padidns. One assumption is that NDVI,
as measured and produced by the MODIS satelliteengoheers, is an accurate
representation of primary productivity. This h&eb confirmed in numerous papers
correlating NDVI and primary productivity (Bino at, 2008; Buyantuyev and Wu,

2008; Goetz et al., 2007; Pifeiro et al., 2006;Keuet al., 1985) | also made the
assumption that my unadjusted counts of birds atelyrrepresent bird relative
abundance and species richness. This is prefa@bldjusting for detection probability
over a short sampling frame in an heterogeneowstape (Marzluff et al. in review).

The assumption that ONI, which utilizes ocean buoymeasure sea temperature,
accurately predicts the strength of ENSO in the PiNVkhportant for my weather
variable to be meaningful, but this is, like NDYd,commonly used (Chen et al., 2011;
Todd et al., 2011; Praskievicz and Chang, 2009)

Two assumption that are more specific to my stardythat the 21 sites | selected
accurately represent the urban gradient of Res@ivanging and Developed landscapes
and that missing years of data do not significaaligr the results. Given that these sites
have been utilized for numerous other studies aaadrery meaningful conclusions about
birds and urbanization, it is clear that the s#esappropriate. And although there are
years of missing data, particularly for the Develdgites, the most annually dynamic
Changing sites were very well sampled. Removiragyghere not every site was

sampled would have resulted in an unacceptablectiedun sample size.

METHODS
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Within the urbanizing fringe of the Seattle Metrbfam area, | randomly selected
21 one-kilometer study sites spanning a gradiefdrefst land cover, impervious surface
and forest patch connectivity (Figure 1). Thesessivere all below 1000m in dense
urban to sparsely populated exurban and secondtgifovest. (Donnelly and Marzluff,
2004, 2006; Blewett and Marzluff, 2005) Land ao&ed its pattern were classified with
a 1998 LANDSAT image (Botsford, 2000). | furthéassified each site by stage of
development, resulting in five Reserve sites, sé&eveloped sites and nine Changing
sites (Farwell and Marzluff 2013). Reserve sitesdominated by mid-successional
vegetation with at least 70-year-old Douglas-#ets interspersed with deciduous trees
and an understory of ferns and fruiting shrubsaurded by suburban matrix.
Developed sites are long established housing sidboing that have been human
dominated for at least 20 years. Changing sites Yogested either when the study
began or cleared in the few years prior but hawveesbecome suburban developments.
Although minor development may have continued tglhoR010 at some Changing sites,
forest clearing, road building and intense homédmg typically occurred over three
years starting in approximately 2000.

| surveyed bird abundance during the breeding ssa@pril to August) of 2001
to 2010 by conducting four 50 m fixed radius p@aotint surveys at four to eight points
in each study site (Ralph et al. 1993). | condustadeys between 0500 and 1200 on
days when conditions allowed adequate visibilitg andibility of birds. Rarely, |
conducted only three surveys per year due to weathgenial of land access; this
happened in nine perceoitsite-years. Additionally, three sites had few&n eight

points; however, as each site was either homogéntarested, small in size or both,
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fewer points were representative. At all Developed Changing sites, the majority,
typically six of eight, of survey points were loedtin the far more heterogenous urban
matrix and the remaining were located in the remhf@est (Donnelly and Marzluff
2006).

Due to the heterogeneity of the developed ared$igh vegetation density in
this type and age of forest, between 758 and IiE®% pper hectare (Spies and Franklin,
1991) which make estimations of distance to auegations unreliable, | utilized small,
fixed radius surveys to estimate relative abunddRaewvell and Marzluff 2013).
Although this method may create a bias toward westenation of relative abundance,
my detection level was high and not variable by sipe (Marzluff, et al. in review).
Due to inadequate sampling resulting from fixeduagboint counts | did not include
nonbreeding birds, raptors, waterfowl, and othexcsgs with very specific habitat
requirements or large home ranges in my analysafpfRet al. 1993).

Bird species were classified into guilds based uperfollowing life history
characteristics: tolerance of human developmergration, diet and use of human food
subsidies (Table 1). There are a total of 58 gsacicluded in this study and every
species was assigned a guild based on each lttehisait (Table S1).

To account for differential survey effort betwestes and to normalize my data |
calculated annual mean relative abundance as #raga number of detections per 10
min, fixed-radius survey per year for each of tHequately sampled bird species and
guilds known to breed in my study region (Tables &2 S4). Annual species richness
was calculated at the total number of separataespebserved at each site during the

four annual surveys (Table S5).
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| used images from NASA’s MODIS satellite to obtamoductivity values, in the
form of NDVI, for each research site over the ceuwsthe 10-year study. | downloaded
the Version 5 MOD13Q1 250 m resolution 16-day cosites of a gridded level-3
product from the NASA Warehouse Inventory Searcbl T?/IST) for January 2001 to
December 2010. In this product NDVI is calculatisthg ratios of reflectance in the red
(645 nm) and near-infrared (858 nm) bands fronbest daily images of each 16-day
period. Both bands are atmospherically correctatirbctional surface reflectances with
appropriate feature masking. MODIS13Q1 is a Va#ideéStage 2 product with extensive
accuracy assessments over numerous locationsmaagtints. The MODIS13Q1
product is distributed in Hierachical Data Formatrtk Observation System (HDF-EOS)
and visualized in an integerized sinusoidal progec(ISIN) mapping grid (Land
Processes Distributed Active Archive Center). thaied GPS coordinates for each point
count location at my study sites and projected tirethiTM NAD83 using ARCGIS
9.3.3 (ESRI 2008). The following steps are a galimed method for extracting usable
NDVI data from the MODIS13Q1 product, but should\ypde enough detail to make this
approach repeatable in and GIS software. | caledldne geometric mean of these points
and created a 1Kntircular buffer around the geometric mean, whicthie area on the
landscape | felt was adequately represented byaims those lkfareas constitute my
21 sites. To obtain the necessary NDVI data, Itecka model to extract two raster
Subdatasets from the original MODIS13Q1 files, with the NDVI values and one with
Pixel Reliability values, and reproject the Subdata into UTM NAD83 using the
Project Raster tool, found in the Data Managemaolibbx. The pixel reliability layer

has five classes as assigned by the product emgirtke NDVI data in class zero is
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considered completely reliable after validatiomssl one means that NDVI data was
produced, but atmospheric or terrestrial interfeestlecreased reliability; no NDVI data
was produced for class 2, 3 or -1 because thedarfdce was covered with snow or ice,
the land surface was shadowed by clouds or thectefice data was otherwise
inadequate to yield NDVI values, respectively. Mtitvo raster layers in the same
projection | used the Set Null tool from the Coratitll toolset in the Spatial Analyst
toolbox to remove any unreliable data by converfingls with any reliability class other
than zero to No Data in the NDVI layer. The reswdis an NDVI layer with only the
most reliable data for subsequent calculationsfottimately NDVI data was lost at
some of the time points at some of the sites, lnatwas necessary to ensure the
remaining data was of the highest quality.

The last step of the model was to calculate themMNDVI for each composite
image at each site using Zonal Statistics withltke? buffer around each site center as
the zone. There was a maximum of 21 NDVI pixetduded in the each zone; however,
if pixels were previously set to No Data with SetliNhey were not included in the Zonal
Statistics calculations so the actual average BasWith a standard deviation of 2.82.
When sites had less than 10 pixels included irc#theulations the data was dropped from
the final calculation of annual mean NDVI. Dueutwreliable NDVI data each site had
an average of 16.5 (S.D.= 1.23) out of a total ibs23 time points, with most of the
missing composites coming in the winter monthsaltulated the yearly mean NDVI for
each site using the values from each compositean¥sg a result | had mean NDVI for

each 1 krf site drawn from multiple time-points throughout legear (Figure 2).
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| utilized annual mean NDVI because | was intexesh the effects productivity
throughout the year. Additionally, | used annualam NDVI rather than mean summer
or annual peak NDVI, because it was calculated fapproximately 16 time points,
rather than approximately six or one, respectivéiean annual NDVI was strongly
correlated with annual peak NDVI at Changing (r=3048<0.01, N=90), Developed
(r=0.93, p<0.01, N=70) and Reserve sites (r=0.88P,01, N=50) throughout the study
period, indicating that either measure would cateskimilarly with my bird population
metrics.

The strength of ENSO has a strong effect on wegthierns and has been shown
to affect bird populations in the PNW; therefotanay serve as a good predictor for bird
richness and relative abundance in my study. ofigin microclimate differences may
exist between my sites, in general El Nifio is kndavresult in warm and dry winters in
the PNW, while La Nina typically results in cooleretter winters (NOAA). These
deviations from normal winter conditions have bskawn to affect avian reproductive
success and survival (Bloxton 2002; Nott et al.20®Periods of El Nifio and La Nina
are examples of large-scale climate variationsraag serve as a tool for understanding
potential long-term effects of global climate chang

| estimated the annual strengths of the El NifautBern Oscillation using the
National Oceanic and Atmospheric Association’s @aealifio Index (ONI). This index
is calculated as the difference between a threedmramning mean of sea surface
temperatures from the historical mean from 19720@0. Numbers greater than 0.5
indicate a strong El Niflo and numbers less thamir@licate a strong La Nina. Because

the effects of the ENSO are felt more strongly migithe winter in my study areas, the
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yearly metrics are the means from the winter priecethe breeding season. For
example the metric for 2010 is the mean of Septer2d@9-February 2010.

| utilized one-way ANOVA with Tukey post-hoc teggito compare means of
NDVI, richness and relative abundance data betwéenypes with SPSS 19.0 over the
10 years of my study. For each year of adequatiedaita (Table 1), | related annual
bird, weather, and productivity metrics at eack gging univariate and partial
correlations. Although not each study site was nooed each year over the 10-year
study period, each site has representative datadaime period. Changing sites, with
more variable bird populations were monitored motensively than Reserve and
Developed sites, where bird populations were nefitistable. Correlation coefficients
for each site were Fisher-transformed, a variataledgzing transformation commonly
used to make correlation coefficients suitablehfgpothesis testing. The transformed
values were averaged by site type to yield singteetations coefficients with standard
error for each combination of bird population meand weather or productivity at each

site type.

RESULTS

Primary productivity as assessed by NDVI varietvieen Reserve, Developed
and Changing sites (F=115.5, p<0.01, df=2, 20R) nbtiacross years at each site type
(Figure 2). Reserve sites had the highest and coostistent annual, mean productivity
(0.83,S.E.=0.004; n=50). This exceeded produgtatitDeveloped sites (mean= 0.68;
S.E.=0.006; p<0.01; n=70) and Changing sites (m@&i2; S.E.= 0.007; p<0.01; n=90).

Variance in mean annual productivity was signifibatess at Reserve sites relative to

12
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Developed sites (F=5.0, p<0.01, df=4, 6) and Changites (F=4.0, p<0.01, df=4, 8),
while Changing and Developed sites had similararare (F=1.25, p=0.15, df= 8, 6).
The large-scale weather pattern of ENSO, whidalled ONI, was a uniform
variable across all study sites, but was variatumfyear to year (Figure 2; F=20.4,
p<0.01, df=9, 10). The winter of 2001 was a motdeta Nina year with the ONI equal
to -0.55; the yearly mean low temperature was €72and there was 95.4 cm of
precipitation The winter of 2008 was a strongamina with ONI less than -1.0; the
yearly mean low temperature was 6.89 C° and thae 8 cm of precipitation (Table 1).
Meanwhile, 2003 and 2010 experienced strong El Nsbaditions, with ONI greater
thanl; the yearly mean low temperature was 7.6ard°7.67 C° with 106.1 cm and
119.35 cm of precipitation, respectively (Table The pattern of higher temperatures
and higher precipitation is a commonly known effgcEl Nifio . Over the ten years of
this study winter ONI, a measure of the strengtthefEl Nifio Southern Oscillation, was
strongly positively correlated with mean winter f@mature in the Seattle area (r=0.73,
p=0.016, N=10), suggesting that winter temperatue® warmer in El Nifio years.
Bird species richness differed among site types e (F=6.34, p<0.01, df=2,
18; Figure 3, Table S5). Using yearly means faheste, the mean richness was 32.7
bird species (S.E.=1.26 , n=9) at Changing sites3 £5.E.=0.89, n= 7) at Developed
sites and 26.0 (S.E.=1.76, n=5) at Reserve sReserve sites had significantly lower
mean richness than Changing sites (mean differeé&s g=5.02 ,p=0.007, n= 6.6), but
Changing and Developed sites were not differentfndifference=3.38 , q=2.55,

p=0.15., n=6.6)
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Bird species richness also varied through timeéhetnging (F=2.74, p<0.01, df=9,
77) and Developed sites (F=5.01, p<0.01, df=5, B&) was similar across the 10 years
at Reserve sites, which were not undergoing argsieape changes (F= 0.974, p=0.481,
df=9, 30 Figure 3). Mean richness at Changings@éaged from 36.0 in 2005 to 26.2 in
2009, which is the only significant difference imetTukey HSD post-hoc test (mean
difference= 9.83 g=5.62, p=0.02, n=8.6); over tearg the mean was 32.4 and the
coefficient of variation was 0.185 (df=9, 77). Meachness at Developed sites ranged
from 23.0 in 2002 to 33.57 in 2003, again the aynificant difference in post-hoc
testing (mean difference= 10.6, g=6.00, p<0.0Iguwated n=4.2); the overall mean was
29.23 and the coefficient of variation was 0.158%d 25). Mean richness at Developed
sites ranged from 23.4 in 2001 to 30.7 in 2002;likgyear mean was 25.65 and the
coefficient of variation was 0.187 (n=40). Richs&gs not similar between all years at
Changing sites (F=2.74, p=0.008, df=9, 77) and ped sites (F=5.01, p=0.003, df=5,
25).

Annual variation in richness was correlated witbdarctivity and weather, but
this depended on site type (Table 5). At Changites, richness increased with
productivity (the average of each site’s univariaterelation: r=0.26 +0.10; the average
of each site’s partial correlation, holding weatbenstant: r= 0.29 +0.10), but was very
weakly correlated with weather (partial correlateamtrolling for variable productivity
indicates slightly higher diversity in EI Nifio atitions, r=0.03 £0.11). At Developed
sites richness was greatest in El Nifio condit{iomsan r=0.44 +0.15) and the annual
change in productivity, which was minimal, hadditeffect (Table 1). Species richness

was not significantly correlated with productivity weather at Reserve sites (Table 5).
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Variation in in richness among replicate Resert@sssbscured a tendency for richness to
be greatest in 2002 and 2009, years of relatialytemperature and low rainfall.

There were expected and obvious differences inotia abundance of various
guilds in each site type (Table 4). Forest spgeaiere approximately twice as abundant
in Reserve sites than Developed and Changing(sitean difference=2.84, 2.50; g=5.98,
5.26; p=0.002, 0.005; n=6.6, 6.6). Synanthropecgs were most abundant in
Developed and Changing sites (significantly gremté&eveloped than Reserve sites:
mean difference= 2.38, q=13.7, p=0.004, n=6.6)bieres were over 60% more
abundant at Changing sites than Reserve sites (ditarence=1.46, q=4.17, p=0.024,
n=6.6), while Developed sites were not significdiffierent from either. Generalist
relative abundance was nearly twice as great aeloped sites than Reserve sites (mean
difference= 1.32, g=5.11, p=0.009, n=12), and bethe similar in abundance to
Changing sites. Subsidy Consumer annual relabue@ance was 4.31 at Reserve sites,
which was significant less than 6.38 at Changitesqimean difference= 2.07, q=4.16,
p=0.025, n=6.6) and 6.84 at Developed (mean diffexe2.54, q=5.10, p=0.009, n=6.6).
Migrant, Resident, Insectivores and Subsidy Avadead similar relative abundance at
all three site types (Tables S2, S3, S4).

Annual relative abundance of species by guild mast variable at Changing
sites and least variable in Reserve sites (Figuiasd 5). By looking at yearly guild
abundance at each site within the site type, dyeaan abundance was calculated for
each site type. For example, all nine Changiressitere sampled for ten years, except
in 2009 when only six sites were sampled, so n.A8Thanging sites all nine guilds,

except Synanthropics (F= 1.54, p=0.148, df= 9, &Xhjbit variable abundance from
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year to year; for example, Forest species (F= 262,011, df=9, 77), Residents
(F=4.51, p<0.01, df=9, 77) and Generalists (F=2039.02, df= 9, 77) were variable
over time. There was slightly less yearly varidpiht Developing sites than Changing
sites: only Residents (F=3.17, p=0.02, df=5, 2§haathropics (F=2.92, p=0.03, df=5,
25), Herbivores (F=5.76, p<0.01, df=5, 25), Insemtes (F=5.64, p<0.01, df=5, 25),
Subsidy Consumers (F=3.53, p=0.02, df=5, 25) arwbi@y Avoiders (F=2.93, p=0.03,
df=5, 25) do not have consistent relative abund&mee year to year. Unlike Changing
and Developed sites, guild abundance was not sgnify different from year to year at
Reserve sites (Figures 4 and 5).

Annual change in productivity was strongly cortethwith the abundance of all
guild types in Changing sites (Table 5). The webkaationship was with Generalists
(r=0.27 +£0.102 and the partial correlation, holdmegather constant, was r=0.26 +0.12).
In contrast, only 2 of 18 correlations between gdiggiabundance and weather were
statistically significant. The strongest corredas were negative indicating that Migrant,
Synanthropic, Subsidy consumer, and Herbivore guildre more abundant in La Nina
conditions and/or less abundant in El Nifio years.

Reserve sites had very few significant correlatioetsveen guild abundance and
productivity and weather; only 1 of 18 correlatiomsre significant for productivity, 3 of
18 were significant for weather (Table 5). The meamelation coefficient between
Synanthropic species abundance and productivitymaderate (r=0.21 £0.07; Table 5)
when weather was held constant, and the zero-cadeglation was not significant. Both
weather and, to a lesser extent, productivity vedaging Synanthropic abundance

because the mean correlation coefficient betweea8iropic species abundance and
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weather was strongly negative in the partial catreh (mean r=0.56 +0.19). There was
also a strong negative correlation between Herbigpecies abundance and weather
(univariate mean r=-0.36 £0.06) and the correlatioproves nearly 15% when
productivity was held constant. Although neithexather nor productivity were having a
strong influence on guild abundance at Reservs,sttappears that weather was a
dominant influence by increasing bird guild aburmkaduring La Nina year or reducing
abundance during El Nifio years.

Developed sites resemble Reserve sites more cltsatyChanging sites, but
guild abundance appears to be even less infludmgadeather, with 1 of 18 guilds
correlated with productivity in partial correlat®and 1 of 18 guilds significantly
correlated with weather (Table 5). Insectivore atante was positively correlated with
productivity when weather was held constant (r=&624), suggesting that greater
productivity allows for great insectivore abundanosectivores were also strongly
correlated with weather (r=-0.68 £0.19), albeitatagely; indicating, in a pattern similar
to other site types, that Insectivores were mormdant with La Nina and/or less
abundant with El Nifio . Given the stronger relasioip of Insectivores and weather, it
appears that weather was somewhat more influghfal productivity in shaping
Insectivore abundance at Developed sites. Witlewasignificant correlations it appears
that neither productivity nor weather were havirgjrang influence on guild relative
abundance at Developed sites.

At all site types there were very few strong catiens between individual
species abundance and weather and there weremficsigt correlations between

individual species and productivity (Table 5). dugh there were few significant
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390 correlations overall, it was clear that weather wase important than productivity in
391 shaping species abundance. And with only 7 ofd@glations significant it was also
392 clear that individual species were much less styoogyrelated with productivity and
393 climate than was guild abundance or species richnes

394 Relatively few species’ abundances change throngh @t a given site type. At
395 Changing sites only American robins (F=2.65, p=pdi%9, 77) and Song sparrows
396 (F=2.70, p<0.01, df=9, 77) exhibit changes in re&atibundance throughout the 10 years
397  of the study (Figure 6). At Developed sites Amanicrows (F=2.63, p=0.03, df=9, 30),
398 American robins (F=6.41, p<0.01, df=9, 30) and &mbtowhees (F=2.26, p=0.048,
399 df=9, 30) had variable relative abundance from yeaear (Figure 6). In contrast,

400 relative abundance did not vary from year to yeéd&eserve sites for any of the species
401 that I investigated, indicating a very stable comityin native forests.

402 At Changing sites none of the representativesefthlds were significantly

403  correlated with productivity and only Bewick’s wrand American robin abundances
404 were correlated with weather. Bewick’s wrens waositively correlated with weather
405 approximately equally in both the univariate (mea®.27 £0.06) and partial correlation
406 (mean r=0.27 +0.06), signifying that weather wapantant in shaping Bewick’s Wren
407 abundance. Meanwhile American robins were nedato@related with weather when
408 productivity was held constant (mean r=-0.13 +0#&ble 5), indicating that weather
409 conditions influence American robin abundance,altih in an opposite manner of

410 Bewick’s wrens. Despite few significant correlaiso weather was having more

411 influence than productivity on species abundance.
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412 Similarly to Changing sites, Reserve sites havsigoificant correlations

413  between individual species and productivity and/ahiee with weather (Table 5).

414  Again Bewick’s wrens were positively correlatediwtveather with (mean r=0.26 +0.07)
415 and without (mean r=0.24 +0.07) productivity behedd constant, indicating Bewick’s
416  wrens were more strongly influenced by weather tiraductivity. In Reserve sites
417  Pacific wrens, a forest species, were also pogite@related with weather in the zero-
418 order correlation (mean r=0.32 +0.11), suggestag both wren species were more
419 abundant following El Nifio winters and less aburtdallowing La Nina winters.

420 Developed sites diverged slightly from Changind &eserve sites, with

421  significant univariate correlations between produtyt and Bewick’s wrens (mean

422  r=0.83 £0.33; Table 5) and Pacific-slope flycatsh@nean r=-0.50 +0.20; Table 5).
423  Bewick’s wrens were positively correlated with weatin the univariate correlation
424  (mean r=0.53 +0.20; Table 5). These results indit@at Bewick's wrens and Pacific-
425 slope flycatchers species are more abundant atwitk greater productivity and that
426  Bewick’s wrens are either less abundant followirggNina and/or more abundant

427  following El Nifio years at Developed sites.

428

429 DISCUSSION

430 The process of converting native forests to subuhmaising developments

431 significantly changes the influence of primary protivity and climate on bird relative
432  abundance and species richness. Bird relativedanoe is influenced strongly by

433  primary productivity and, to a lesser extent, bgsgth of winter ONSI in the suburban

434 landscapes | studied. Whereas primary productisityot strongly correlated with guild
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relative abundance at forested Reserves or Dewvelsipes, the active process of land
clearing for human development creates a situatiogre primary productivity becomes
very important in shaping bird guild abundancegliyjkdue to the sharp decline in native
forest cover. Alternatively, the conversion froatine forest appears to make guild
abundance less sensitive to fluctuations in clino&tle preceding winter resulting from
El Nifio or La Nina. While none of my site typd®s/ed many significant correlations
between bird abundance and ENSO, those at Chasggsmwere the weakest: the land
conversion that was occurring at Changing siteeaggoto overshadow the influence of
winter weather. This does not indicate that wimteather is unimportant to bird
populations at Changing sites; in fact, the neagyivalent number of significant
correlations, despite very significant disturbaimzbcates that ENSO is important. In the
face of expected changes in the PNW climate, thdirfg indicates that the active
process of suburban development affects the albilibyrds to deal with the predicted
warmer and dryer summers. Fortunately, it appisatsestablished landscaping and
potentially human subsidies of Developed sites ipladequate habitat to buffer against
the effects of El Niflo winters. Thus, if housthgyvelopments achieve mature
landscaping quickly after the construction phase populations may be more stable and
capable of withstanding climate fluctuations.

Changing sites were by far the most heterogeneotesms of land cover and
productivity over the course of this study, allogifor the greatest number of species to
utilize these sites (Hansen et al., 2005). Changites offered something for every
species | studied: over the course of my studites were forest, cleared land and

finally early housing developments. As expectedhuahrichness fluctuated greatly at

20



458

459

460

461

462

463

464

465

466

467

468

469

470

471

472

473

474

475

476

477

478

479

480

Changing sites indicating a high turnover in spet®ugh time. Although not as
heterogeneous as Changing sites, the combinatibausfes, landscaped properties and
remnant forest at Developed sites supports moraespthan forest alone. Developed
sites are not undergoing any active developmentgkier, species richness is variable
from year to year, possibly as a result of chamgésndscaping or quantity of subsidies
provided. It may also be a reflection of spechegt tlo not tolerate human development
well undergoing a slow demise to a final local estion.

Principally homogenous, Reserve sites supportahvest number of species over
time, but annual mean richness does not fluctuata f/ear to year. This is most likely a
result of the absence of big disturbances and welather conditions of the PNW that
allow for consistent yearly habitat conditions. ditnally, the consistency of the
productivity in Reserve sites may buffer some ef ¢ffects of density-independent
factors to allow at least some members of the sgdoiremain at a site from year to
year. While subdivisions may support a great nunslbspecies, native forest provides a
consistent refuge in the face of fluctuating caods in the matrix and a functional
system of reserves should be retained on the lapdsas new housing developments are
planned.

The mean guild relative abundance was greatestfatent site types depending
on the natural history of each guild, and whick $sypes present favorable conditions.
For instance, those guilds that are adapted to&xpiman modifications to the
landscape were less abundant at Reserve siteinamwere at Developed or Changing
sites. This pattern was true of forest species;lware most abundant at Reserve sites;

synanthropic species, which are more abundant atIDged sites than Reserve sites;
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generalist species, which are more common at Dpeedlsites than Reserve sites; and
subsidy consumers, which are the least abunddesdrve sites. These four guilds have
the greatest relative abundance at site types#tat to their natural history traits:
primarily guilds that are capable of utilizing inteonal or unintentional human
provisions are most common at the human dominatedypes, a pattern that seems to,
at least in part, follow optimal foraging theorfxn even more striking pattern was
observed in Australia where Catterall et al. (19@8nd strong segregation of guilds into
either cleared land or bush (native vegetationgthas life history traits. As a possible
indication for things to come, all of the “bush sjgs” have experienced significant
declines in abundance since European arrived itrélies

Interestingly, herbivores have a greater relatimenalance at Changing sites than
Reserve sites, but Developed sites are similaoth. bThis is likely because Reserve
sites are dominated by dense overstory trees,fanthr fruiting shrubs in the understory.
Developed sites, in contrast, may have fruit arediggoducing shrubs included in the
landscaping. The landscaping at Developed sisgsiatludes numerous non-native
species, which would increase the plant diversutgptially leading to a wider time span
for fruit-bearing and greater overall fruit prodioct. Additionally, Developed sites have
more edge that could provide an area for fruitinderstory shrubs to thrive. Meanwhile,
Changing sites may have a greater number of eaclgessional weeds and shrubs that
produce fruit or seeds during land clearing andgsqgbent landscaping with such plants.
Particularly in the PNW, Himalayan blackberri&ulus armeniacus) can become
dominant in disturbed landscapes, so if the changieas remain disturbed for an

extended period, herbivores may become more abundagain, Catterall et al. (1998)
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saw a similar pattern in some frugivore speciestymbthesized that the landscaping,
with fruiting and flowing plants, in suburban ardsesnefits these species.

Bird guild abundance appears to be more variatdgetypes where productivity
is more variable over time and between individutaisswithin the type. Eight of nine
guilds do not have consistent abundance through an€Changing sites, the site type
where dramatic land cover change took place dygrdceding and during this study.
Developed sites, while not undergoing land coveinge, have variable productivity,
perhaps due to maturing vegetation or ongoing h@meoalteration their landscaping.
Developed sites have significant yearly variabilitysix of nine guilds, which is slightly
less than Changing sites, but much more than Res#ées. Reserve sites do not have
any significant yearly variability in productivitgnd correspondingly no guilds have
significantly different abundance over the courbmyg study. Reserve sites seem to
serve as an island of refuge within the suburbatmixnand following a particularly bad
year can serve as a source for some species toatenig Developed and Changing
areas. The importance of a stable island withéensiia of change can be very important
for a stable metapopulation, particularly in molsiecies that can more easily move
through the matrix (Neuschulz et al., 2013), buymlgo be influenced by the level of
urbanization in the matrix (Meffert et al., 2013).

Weather and productivity were not strongly cormedbat my study sites perhaps
because Changing sites are undergoing more intendeover changes of anthropogenic
origin and the changes associated with yearly veedlhctuations are relatively
insignificant. Developed sites, with their maniedilandscaping likely receive enough

supplemental water and human care to maintainbdespaimary productivity through
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dryer summers of El Nifilo . Reserve sites havegthatest and most consistent
productivity of the three site types: the estal@dhdense conifer-dominated forests are
insensitive to measurable changes resulting froctdlting weather conditions.

Although water may be limiting during the summeiEbNifio years at Reserve sites the
overstory trees may be able to outcompete the statgrfor water well enough to
maintain a green canopy which is primarily measwved NDVI. Additionally, by using
the yearly mean NDVI rather than a yearly peak NBdtine of the summer drought
signals may have been masked. | decided to uskyyeaan NDVI because the study
area is relatively temperate with a long growingsss and there are many resident birds
included in this study that may be sensitive tongjes in productivity outside the summer
months.

Additionally, it is known that NDVI can becometgiated as the ratio of
reflectances approach 1:1 (Wang et al., 2003),isomechanges that might have been
correlated with changes in weather at Reserve wivesdd not be evident due to errors
associated with the NDVI measurement. Althoughobeiythe scope of this study, it may
be possible to eliminate some of the errors ofrasittn by utilizing either ground-based
or airborne scanning LIDAR to very accurately measercent canopy cover (PCC) and
understory density, utilizing these variable to rmfe regressions. Despite these
limitations, it has been shown that weather isrgjly correlated with primary
productivity on a large scale (Box et al., 1989)] believe partial correlations are still
appropriate for this study.

The results of the correlations between guild albaod and productivity at my

three site types indicate that guild abundancédsibequally insensitive to primary
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productivity at Reserve and Developed sites, wélilendance is strongly correlated to
productivity at Changing sites. Only Synanthro@os correlated with productivity at
Reserve sites, which is a surprising finding beedynanthropic species are typically
more abundant in urban landscapes and less abundaetdenser forests. However,
when the landscape surrounding the study sitesnisidered it is apparent that the
strongest partial correlations between productiaitg Synanthropic abundance are at the
two Reserve sites surrounded by the densest subddseelopment. Although my survey
points were located in the forest, the positiveeation may be a result of increased
synanthropic abundance in the suburban matrix Wdlviduals that also utilize the
forest being detecting during surveys. One ofttost prevalent synanthropic species is
the American crow, which is also a generalist amtimonly makes use of forest patches.
There are no significant correlations between imldial species and productivity at
Reserve sites, supporting the idea productivityoisan important factor in shaping bird
abundance. Given the lack of significant correladi it appears that primary
productivity is great enough at Reserve sites a®tdoe a driving factor in bird guild
abundance. Although it may be possible that anmean NDVI is simply not the
correct remote sensing modality for predicting l@kiindance in dense forest
(Ranganathan et al., 2007), density-dependentriaate likely playing a more important
role in shaping bird relative abundance at Ressites.

Developed sites, similarly, have only one significeorrelation between guild or
species abundance and primary productivity, indigahat other factors are controlling
bird abundance. In this case, it is only InsecBgahat have a strong positive correlation

with productivity, potentially because the Develds#tes with more vegetation support a
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greater insect population and thus more of theskindt prey upon them. It should be
noted that my Developed sites are not exclusivelysks and landscaped yards; there are
varying amounts of remnant forest patches at eatifecsites. Thus, sites with greater
primary productivity are likely reflective of site@@th greater native forest cover.
Therefore, it is also possible that this guild rieggilarger patches native vegetation to
provide food and nesting locations and may notdyg gapable of utilizing human-
planted vegetation food supplements in Developtes .siThis could be particularly true
if the human residents of these developments ang urssecticides on their property. The
results of the correlations between guild abundamckeprimary productivity at Reserve
and Developed sites indicates that productivityasan important factor in shaping guild
abundance.

Changing sites seem to follow a different patterith significant partial
correlations between productivity and eight of ngudds. Changing sites are
experiencing drastic land cover change leadinheayteatest variability in and least
amount of primary productivity of the three sit@ég; therefore, richness and guild
abundance appears to be driven by productivityly Generalists, one of the most
adaptable guilds that | studied, were not influehiog productivity, likely because they
are capable of finding food independent of foragmgr around plants. This result is
supportive of my initial hypotheses and is likelyesult of the decrease in primary
productivity following forest clearing and subsequesbound in productivity with
landscaping that are drastic and persistent entmugause productivity to become an in
important factor shaping guild abundance; thisdsséinctly different pattern than at

Reserve and Developed sites. Surprisingly, norieeoindividual species abundances
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were correlated with productivity at Changing sitdfis may be because there are fewer
sightings of individual species than of aggregapedds during any one year creating
greater noise in species data, this is supportatidyery high variability in the
correlations between individual species and pradigt

These patterns of guild abundance suggest thatapers should undertake large-
scale developments in stages to allow for landscgia begin to mature before all the
native forest is removed; alternatively, developmsld landscape the development with
more mature plants and plant species that are knowanefit wildlife (e.g., Washington
Department of Fish and Wildlife’'s Backyard Wildli&nctuary Program). Leaving large
patches of native forest on the landscape will pi®a refuge for native guilds that may
serve as source populations when the landscapitig imatrix has reached an adequate
level of maturity to again support many of thesédsu

Given that significant correlations between bibdiadance and ENSO are
relatively few compared to correlations with primm@aroductivity, climate appears to
play a secondary role in shaping relative abundaatterns than primary productivity.
Only two guilds’ abundances were significantly etated with weather at Reserve sites
indicating that winter ENSO strength is not a vieffuential factor in predicting bird
guild abundance. Partial correlations indicatebdi@res are negatively associated with
ONI, hence Herbivore abundance is reduced duriadptbeding season at Reserve sites
when the proceeding winter was a strong El Nifiad, iacreased following a La Nina
winter. In the typical warm and dry summers of BHMW, water is often a limiting
resource to plant growth, leaving plants to compatenoisture stored in the soil from

the previous winter. If soil moisture is not repkhed during the winter, plants can
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suffer drought effects, resulting in slower groeterson et al., 2002) and reduced fruit
and seed production during the subsequent bresdiagpn (Herrera 1991; Selas 2000);
changes in precipitation associated with ENSO e shown to affect soil moisture
content (Nott et al., 2002). It appears that tlaenaer, dryer winters associated with El
Niflo in the PNW (Thomas et al. 2003) exacerbatlensoisture deficiencies for the
upcoming breeding season and negatively affect ssmitarbivore abundance. Changes
in rainfall associated with ENSO are known to beiksirly correlated with avian
reproductive success in the PNW (Nott et al., 2008¢ reduced Herbivore abundance
that | witnessed could result from individuals thgty fewer young or moving to areas
with more food despite a lower overall primary protivity, such as Developed
landscapes, which receive supplemental water.h®wther hand, the wetter winters
associated with La Nina (Thomas et al., 2003) @nure the soil is adequately moist to
allow for greater fruit and seed production, whiebuld likely result in a greater number
of nesting birds and nest productivity. At Resesites Herbivores are not influenced by
productivity, which indicates that more vegetatocmver does not necessarily provide
more berries (Oleyar, 2011), but are influencegésrly weather conditions, which may
have a greater influence on yearly food production.

Synanthropic species, in addition to Herbivores,@articularly sensitive to El
Nifio events at Reserve sites: there is a negpéisteal correlation between Synanthropic
species abundance and weather. Although | didgirétht Synanthropic abundance
would be influenced by weather at Reserve sitas,jitteresting that only Synanthropics
and Herbivores respond to changes in climate assocwith EI Nifio . | speculate that

Synanthropic species are less capable of copirfgadverse vegetative conditions at
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Reserve sites than Developed sites because theefevaer human supplements that could
buffer the effects of a dry summer. If summer vagen is less suitable due to low soil-
moisture conditions Synanthropic species may easiyigrate to more developed
landscapes where conditions are more favorableetio $uccess. Although not
significant, the correlation between Synanthrofpgralance and weather is much less
negative at Developed sites perhaps indicatingnfuni of individuals from more
forested areas.

Bewick’s wrens and Pacific wrens are positivelyretated with weather, which is
the opposite pattern seen for Synanthropic andiAamd guild abundance. Perhaps
because both are year-round residents and not\eesithe wrens are more negatively
influenced by a cold and wet winter than they wdugdoy summer with low soil-
moisture. If fewer adults survive the winter, tieeluction in species abundance will be
further compounded by fewer fledglings being smbitemy late summer surveys.
Despite guild abundance displaying a different oese to changes in the ONI, the
response of individual species to changes in fa@dability associated with ENSO has
been previously documented (Jones et al., 2008jt étl al. (2002) also found that
individual species’ reproductive success was pasiticorrelated with warmer, dryer
winter and spring conditions.

At Developed sites there is a single significanteation between weather and
guild abundance, which is further confirmation tRaserve and Developed sites are
quite similar in the bird population’s responsevieather and productivity. As stated
above, Insectivore guild abundance is significaotyrelated with productivity and now

weather in the partial correlations, indicatingtthath vegetation cover and weather are
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important. Insectivores are strongly dependentegetation as a food source for the
insects they eat, thus there may be more inseesvat sites with greater productivity.

But given that productivity is not simply providinggeater food resources (Oleyar, 2011),
the stronger influence on food availability mayieather, which has a strong influence
on insect numbers. Similarly to Herbivores at Ressites, insectivores do poorly in
years with dryer winters and better in years witktter winters because plants have great
soil-water reserves during the warm, dry summelschvcan support a greater number
of insects (Nott et al., 2002). At Reserve anddéeped sites the two guilds that would
logically suffer the most from plants experiencgwgnmer drought are significantly
negatively correlated with El Nifilo winters. Bewgkrens are again positively
correlated with weather, another similarity to Resesites. | surmise that the same
factors causing this relationship in Reserve sitesat work in Developed sites.

When examining the correlations between birds aedther at Changing sites,
there appears to follow only a slightly divergeattprn from Developed and Reserve
sites; there are two guilds and two species tlasignificantly correlated with weather at
Changing sites; however, the correlations are muegdiker than those at Developed and
Reserve sites. Contrary to my original hypothelkgrants, Herbivores and American
robins are significantly negatively correlated witbather. In similarity to Developed
and Reserve sites is the positive correlation betvweeather and Bewick’s wrens.
American robins are the only species with a sigaiit negative correlation; perhaps as a
non-resident and herbivore the robins are lesstsen® the cold winters associated
with La Nina and more negatively affected by thgedisummers that can reduce berry

production during the breeding season. Pacifime/is@e Bewick’'s wrens on the other
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hand are both residents and neither are herbiwaresld and wet winters are more
detrimental than dryer summers.

Although there are an equivalent number of sigaiitccorrelations between bird
abundance and weather at all three sites typedugptiwity is clearly the more important
in shaping abundance at Changing sites. It appeangearly changes in weather are
minor compared to the clearing of a forest; thaggeé-scale climate variables are less
capable of explaining the variability in bird abamde at Changing sites. This is a strong
contrast to Developed and Reserve sites, wheraiptiody has very little correlation

with bird abundance and weather has relativelydiaigfluence, albeit not large overall.

CONCLUSIONS

Over the 10-year period of this study the factbet shaped guild abundance are
very different at Changing sites than they are etdloped or Reserve sites. Productivity
is critical in shaping the species abundance aroheiss at Changing sites because it is
variable and remnant forest patches may not bebtapé sustaining all species, and the
effects of weather are minor compared to drastiddaape change. The drastic and rapid
reduction in forest cover associated with forestiwnhg has caused primary productivity
to become a driver of species presence and guilddamce. At Developed sites, which
experienced significant loss of vegetation more thweo decades ago, productivity is not
nearly as important to bird abundance, though tareger is still correlated with the
most forest-reliant guilds. It seems the matutargiscaping is an adequate replacement
for native vegetation for all but a select few dsjland these guilds would benefit the

most from either more mature landscaping or gresess of forest left on the landscape
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732

733

during development. Developed sites share a n@xaticharacteristics of Reserve and
Changing sites, though more closely resemble Res#t®s which is reflected in the
relationships between bird abundance, productasity weather. Birds are only weakly
responding to both weather and productivity, pesiagrause of the stable land cover
regime and the ability of the suburban areas téebtiie effects of reduced productivity
and weather fluctuations with human supplementatiddditionally, the weather is
relatively mild in my study area owing to the buiifg effect of the Puget Sound.
Reserve sites show only two significant relatiopstbetween bird abundance and
productivity, indicating the vegetation quantitynist as important and not variable over
time, while weather is correlated with Herbivoreiatiance, indicating that weather only
plays an important role in shaping abundance afild ghat is most sensitive to adverse
plant growing conditions and does not appear tectly cause cold-induced mortality.
Overall, bird abundance is being shaped by densiigpendent factors, such as primary
productivity and weather, at Changing sites muchenstrongly than at the more stable
Developed and Reserve sites.

Contrary to my hypotheses, none of the individyalcses were significantly
correlated with productivity and very few are ctated with weather, at any of the three
site types, despite the 11 selected species beengndre abundance members of their
guilds. | expected these species to be representdtthe guilds; however, it appears
that the yearly variability of species abundancesdoot track that of productivity or
weather. Perhaps the numerous other factors imflng species abundance, such as
predation and competition are not acting synchrshowith productivity or weather,

obscuring the large-scale relationships to aburelatwother confounding factor may be
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the scale of my study: it could be that individspécies respond to productivity and
weather at either finer (Radford et al., 2005) @arser (Yamaura et al, 2011) resolution
than my 1km scale. Unfortunately, the combinabbmy remote sensing and bird
survey techniques make it impossible to examinethneelations at alternative spatial
scales. In this case the individual species neagthbow relative density in the 1km
study areas that | cannot detect subtle changbe ipatterns of interest. By grouping
individual species in to guilds some of the disemtdfactors and issues of scale can be
smoothed allowing the relationships between guildnalance, productivity and weather

to become apparent.

CONSERVATION IMPLICATIONS

My results suggest that housing developers in #wfie Northwest would greatly
benefit avian populations by limiting the amounfariest cleared at any one time and
accelerating the recovery of primary productivitythe form of bird-friendly vegetation,
after the initial development phase. Homeownersen subdivisions will most greatly
benefit current bird residents and provide refugebirds displaced by the subsequent
housing development by planting fruiting shrubsyéasing plant density and structural
complexity and even providing direct food and watalosidies. Goddard et al. (2010)
found private gardens form a substantial portiothefurban green space and play a vital
role in maintaining biodiversity in Britian. Ingegnition of this fact many conservation
NGOs have programs in place to help individualsroup their gardens for wildlife.

However, the urban garden is not without its pddtsbirds, first among them the
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756  domestic cat, the excessive use of exotic plan@ndscaping and the fragmented nature
757  of the garden patches (Goddard et al., 2010)

758 While birds may be better at coping with a fragnedriandscape than many other
759  species, it is not feasible to rely on individuaityanaged private gardens as the whole
760  solution to loss of native habitat. Although ckalyjing, it would be more beneficial to
761 wildlife if these large planned developments catddperate with a group such as the
762  Audubon Society to create an organized frameworkriohte gardens, landscaped public
763  areas and reserves of native forest.

764 The remaining large forest patches should remaaciras it appears that bird

765  populations have adequate productivity and ar@dateng with weather in a predictable
766  way. The negative correlations between bird galdndance and weather indicate that if
767  climate change predictions of dryer summers andaed snowpack are correct for the
768  Pacific Northwest bird population could declineowever, it appears that birds are

769 relatively resistant to fluctuations in weatheraasated with ENSO in landscapes where
770  primary productivity is stable. This makes priaiitg bird conservation in planning and
771 implementing new developments even more importatiie face of unpredictable

772  changes in climate.

773

774 FUTURE DIRECTIONS

775 Future studies of the relationships between bigbation demographics and

776 large-scale variables such as primary productmitglimate should focus on addressing
777  issues of scale encountered in this study. Aterfscale, site-specific measurements of

778  weather conditions to improve the correlations leetmvproductivity and weather and to

34



779

780

781

782

783

784

785

786

787

788

789

790

791

792

793

794

795

796

797

798

799

800

decrease the variability of the correlations betweeather and bird abundance. This
could be accomplished by installing relatively siengata loggers to record rainfall,
temperature and soil moisture at each site. Utaleigig changes in land cover and
productivity at a smaller scale could be improvgdiblizing higher resolution aerial
imagery or ground-based LIDAR to quantify the aaed distribution gardens and small
green spaces over time. Work to assess land cbegige at very fine spatial resolution
is already ongoing at these study sites and ikély yield an increased understanding of
the nuanced factors that determine how birds respmarbanization. Additionally, to
assess not only the primary productivity, but also“bird-friendliness” of these green
spaces, on the ground surveying of the gardenfedal, cover and nesting locations
could be carried out alongside the bird surveylse darden surveys would be a good
opportunity for a partnership with a backyard wflellgroup such as the Audubon Society
or Backyard Wildlife Sanctuary Program; the partmperup could also assess some of the
gardens and make recommended improvements forfe@ildh longer-term study could
then investigate if the garden improvements changeelationships between
productivity and bird populations at Developed txa@ging sites. A finer scale
examination of the changes in productivity assedatith urbanization may reveal
further insights into their impacts on bird abuncaand richness.

To understand how larger scale factors may beenfiing the correlations
between birds, productivity and weather it wouldgoed to examine how the
productivity of the land surrounding the study sitiffers between sites and site types.

Collecting NDVI data from the same MODIS productLiknf concentric around the
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bird survey sites would provide some insight alibatsurrounding land, which likely

plays an important role in shaping these relatigossh
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1018 TABLESAND FIGURES
Table 1. Weather and climate data utilized in ghigly. Weather data was collected from Seattl®mac
International Airport. The station is 370 ft. albasea level with Latitude 47°27'N, Longitude 12219 The
Oceanic Nifio Index (ONI), a measure of El Nificestjth was obtained from NOAA sea temperature rodng
buoys in the Pacific Ocean. ONI below -0.5 indisdta Nina conditions, -0.5 to 0.5 is neutral andve0.5
indicates El Nifio conditions; below -1.0 or abdve is considered a strong La Nina or El Nifio peesively.

ONI ONI Yearly Mean
Year Winter Breeding Mean High (C°) Mean Low (C°) (C°) Precipitation (cm)
2001  -0.55 0 14.67 6.72 10.72 95.40
2002  -0.05 0.65 14.89 6.89 10.94 79.65
2003 1.25 0.25 15.78 7.61 11.67 106.12
2004 0.45 0.45 15.89 7.89 11.89 78.99
2005 0.75 0.4 15.61 7.56 11.61 90.02
2006 -0.4 0.1 16.11 7.39 11.78 122.99
2007 0.85 -0.1 15.11 7.17 11.11 98.93
2008 -1.2 -0.45 14.72 6.89 10.78 78.05
2009 -0.4 0.3 15.50 6.89 11.22 97.64
2010 1.45 0.1 15.33 7.67 11.50 119.35

1019

Table 2. Bird species were separated in to gbiéded on the following life history traits. Yeadlgundances of each guild were calculated
for each site taking in to account survey effdrhe number of species in each guild is in pareethe§ifty-eight species total were
included in this study. A table that details whegecies fall into each guild is provided in thp@emental material.

Development Migration Diet Food Subsidies
Forest (21) Neoptropical (24) Herbivore (18) Consuii28)
Early Succession (39) Short Distance (7) Insecti\(B6) Avoider (30)
Synanthropic (8) Resident (27) Generalist (5)
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1020

Table 3. Total number of years of data for eatthtgpe and site. Every site was not
monitored over the 10-year study period, but eashdata from representative years.

Site type and name Years of data
Changing sites 87
Beaver Cleaver 10
Cougar Neighborhood 9
Issaquah Highlands 10
Montare 10
Redmond Ridge 10
Snoqualmie Ridge 10
Treemont Estates 10
Union Hill 9
Uplands 9
Developed sites 35
Beardslee 5
Forster Woods 4
Hawthorne 5
Highlands 3
Old Black Nugget 6
Somerset 4
Totem Falls 4
Westwood 4
Reserve sites 40
Cedar Watershed Preserve 7
Cougar Mountain Park 9
Lee Forest 10
Redmond Watershed Preserve 9
Squak Mountain 5
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Table 4. Guild abundance varies by site type. Bivdee assigned into guilds based on life histamitdr Guild abundance was averaged for each
site of the study period and then averaged agasitbyype and is reported as mean abundance FhEChanging sites df=9, 77, Developed
sites N=35 and Reserve sites N=40.
Subsidy Subsidy
Site Type Forest Synthropic Migrant Resident Insects  Herbivores  Generalists Consumer  Avoider
Changing 2.41+0.33 1.84+0.31  2.57+0.31 5.96+0.60 .72#0.56 3.86+0.44 2.00+0.25 6.38+0.48 4.19+0.48
Developed 2.07+0.38  2.74+0.82 1.55+0.31 7.01+0.923.64+0.61 3.61+0.68 2.85+0.46 6.85+0.96 3.24+0.57
Reserve 4.91+0.51 0.36+0.11 1.70+0.20 5.57+0.56 9+028 2.40+0.32 1.53+0.21 4.31+£0.48 3.90+0.42

1023

Table 5. Bird richness and abundance was primeoifyelated with primary productivity at ChangindeSi weather at Reserve Sites and
weakly by both factors at Developed Sites. | mareid bird richness and abundance for 10 yearsinbanizing fringe of Seattle using
point counts and estimated productivity (NDVI) améather (ONI) using remote sensing. In additiondm-order correlations, partial
correlations were computed for each independermivar while holding the other constant; for examphe Weather Held Constant
column is the correlation between bird guild andduoictivity with weather held constant. Correlaiavere computed for each site over
the study period, Fisher transformed and averagesitéd type. Values reported are r £S.E. (p-valudean correlation coefficients
significantly different than O are designated vath For Changing Sites n=9, Developed Sites n®VReserve Sites n=5.

Changing Sites

Productivity Weather Held Constant Weather PraditgtHeld Constant
Richness 0.256 +0.096(p=0.028)*  0.293 +0.100(p=B)O1 0.056 +0.096(p=0.579) 0.032 +0.111(p=0.777)
Forest 0.303 +0.096(p=0.013)*  0.337 +0.097(p=0.008) -0.024 +0.111(p=0.837) -0.082 +0.120(p=0.514)
Synthropic 0.294 +0.081(p=0.007)*  0.327 +0.094(18€8)*  -0.148 +0.087(p=0.129) -0.205 +0.099(p=0.073)
Migrant 0.297 +0.089(p=0.010)*  0.357 +0.092(p=0.905 -0.200 +0.088(p=0.053) -0.243 +£0.105(p=0.049)*
Resident 0.409 +0.079(p=0.001)*  0.442 +0.087(p=0)00 -0.066 +0.081(p=0.443) -0.135 +0.098(p=0.207)
Generalist 0.269 +0.102(p=0.029)*  0.257 +0.115(pS0) 0.023 +0.103(p=0.833) -0.047 +0.112(p=0.683)
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Herbivore 0.317 +0.093(p=0.009)*

Insectivore 0.355 +0.111(p=0.013)*
Subsidy Consumer  0.371 +£0.083(p=0.002)*
Subsidy Avoider 0.310 £0.090(p=0.009)*
AMCR 0.073 +0.140(p=0.619)
AMRO 0.110 +0.180(p=0.558)
BEWR 0.164 +0.163(p=0.343)
BHGR -0.032 +0.231(p=0.894)
EUST 0.067 +0.168(p=0.698)
PAWR -0.116 +0.206(p=0.588)
PSFL -0.137 +0.187(p=0.483)
SOSP 0.032 +0.216(p=0.887)
SPTO 0.186 +0.177(p=0.324)
SWTH -0.013 +0.217(p=0.952)
WIWA 0.010 +0.166(p=0.952)

Developed Sites
Productivity

Richness 0.381 +0.226(p=0.143)

Weather Constant

0.341 +0.117(p48)0  -0.203 +0.097(p=0.069)

0.323 +0.086(986)*  -0.124 +0.094(p=0.222)
0.505 +0({120.003)*

0.288 +0.(B6D.002)*

-0.105 +0.081(p=0.228)
-0.171 +0.116(p=0.178)
0.048 +0.148(p=0.756)  .06Q +0.096(p=0.989)
0.113 +0.182(p=0.552)  .160 +0.059(p=0.126)
0.154 +0.168(p=0.385) 278.+0.056(p=0.001)*
-0.031 +0.237(p=0.900)0.063 +0.116(p=0.602)

0.063 +0.179(p=0.734) .078 +0.067(p=0.305)
-0.107 +0.207(p=0.620)-0.058 +0.048(p=0.258)
-0.106 +0.200(p=0.610)0.002 +0.108(p=0.987)

0.055 +0.215(p=0.806)

0.195 +0.176(p=0.301)

.0390.061(p=0.546)
.026+0.057(p=0.660)
-0.007 +0.211(p=0.976)-0.096 +0.121(p=0.449)

0.008 +0.172(p=0.964) 03 +0.129(p=0.768)

Weather
0.188 +0.466(p=0.701 0.439 +0.148(p=0.025)*

-0.279 +0.113(p=0.039)*
-0.171 +0.123(p=0)204
-0.186 +0.099(B97)
-0.215 +0.132(pi=A1)
-0.021 +0.102(p=0.841)
-0.133 +0.056(p=0.044)*
0.271 +0.063(p=0.003)*
0.012 +0.126(p=0.929)
-0.039 +0.089(p=0.675)
-0.027 +0.053(p=0.625)
0.002 +0.122(p=0.989)
0.012 +0.061(p=0.854)
-0.058 +0.056(p=0.330)
-0.106 +0.113(p=0.377)
0.089 +0.134(p=0.525)

Producti@onstant
0.353 1£0.244(p=0.199)
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Forest 0.395 +0.226(p=0.130)

Synthropic 0.298 +0.223(p=0.230)
Migrant 0.263 +0.169(p=0.171)
Resident 0.259 +0.260(p=0.358)
Generalist 0.109 +0.271(p=0.701)
Herbivore 0.301 +0.280(p=0.323)
Insectivore 0.047 +0.103(p=0.661)

Subsidy Consumer  0.242 +£0.300(p=0.450)

Subsidy Avoider 0.128 +0.074(p=0.135)
AMCR 0.061 +0.346(p=0.867)
AMRO 0.080 +0.245(p=0.754)
BEWR 0.830 +0.327(p=0.044)
BHGR -0.009 +0.269(p=0.974)
EUST 0.351 +0.401(p=0.414)
PAWR -0.131 +0.244(p=0.610)
PSFL -0.501 +0.201(p=0.047)
SOSP -0.108 +0.206(p=0.619)
SPTO 0.475 +0.463(p=0.344)
SWTH 0.208 +0.316(p=0.534)

0.501 +0.240(p=0.082) 0.600 +0.446(p=0.227)
0.318 +0.219(p8T)1  -0.025 +0.175(p=0.893)
1.006 +0.542(p=0.113) -0.359 +0.213(p=0.143)
0.441 +0.373(p=0.282 -0.093 0.182(p=0.627)
-0.100 +0.417(p£8)  -0.093 +0.282(p=0.752)
0.237 +0.341(p=8)51  0.038 +0.171(p=0.830)
0.520 +0.143(P£0)*  -0.382 +0.163(p=0.058)
0.344 +qpSBRA76)
0.444 +0.peP(070)

-0.318 +0.584(p=0.606) .12@& +0.148(p=0.435)

-0.110 +0.201(p=0.604)
-0.276 +0.208(p=0.232)
0.324 +0.510(p=0.548)  11@.%0.202(p=0.599)
0.424 +0.612(p=0.514) 538.+0.203(p=0.039)*
-0.115 +0.460(p=0.810)0.042 +0.166(p=0.807)

0.442 +0.410(p=0.323) .238 +0.232(p=0.354)
0.060 +0.302(p=0.848) 0.247 +0.140(p=0.129)
-0.229 +0.588(p=0.711)-0.245 +0.189(p=0.244)
-0.249 +0.295(p=0.431)0.029 +0.207(p=0.892)
0.955 +0.783(p=0.268) 08D+0.142(p=0.562)

0.419 +0.344(p=0.269) 100.+0.223(p=0.668)

0.019 +0.480(p=0.970)
0.003 +0.175(p=0.985)
-0.999 +0.566(p=0.128)
-0.380 +0.275(p=0.216)
-0.099 +0.433(p=0.826)
-0.095 +0.243(p=0.709)
-0.681 +0.187(p=0.011)
-0.314 +0.327(870)
-0.559 +0.295(p60)1
0.332 +0.202(p=0.152)
0.307 +0.248(p=0.262)
0.406 +0.308(p=0.235)
-0.208 +0.231(p=0.403)
-0.147 +0.248(p=0.574)
-0.220 +0.197(p=0.307)
0.032 +0.267(p=0.910)
0.092 +0.247(p=0.721)
0.406 +0.245(p=0.148)
-0.053 +0.263(p=0.848)
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WIWA

Reserve Sites

Richness

Forest
Synthropic
Migrant
Resident
Generalist
Herbivore
Insectivore
Subsidy Consumer
Subsidy Avoider
AMCR

AMRO

BEWR

BHGR

EUST

0.116 +0.183(p=0.548)

Productivity
0.245 £0.196(p=0.279)
0.278 +0.234(p=0.300)
0.176 +0.143(p=0.286)
0.319 +0.332(p=0.391)
0.363 +0.169(p=0.097)
0.168 +0.122(p=0.240)
0.301 +0.256(p=0.305)
0.516 +0.311(p=0.173)
0.223 +0.191(p=0.308)
0.434 +0.262(p=0.173)
0.001 +0.258(p=0.996)
0.285 +0.293(p=0.385)
0.056 +0.256(p=0.837)
0.151 +0.225(p=0.540)
0.079 +0.079(p=0.374)

0.156 +0.235(p=0.533)

Weather Constant

07® +0.232(p=0.745)

Weather

0.287 +0.206(p=0.236 0.015 +0.195(p=0.942)

0.278 +0.248(p=0.326) -0.098 +0.131(p=0.498)

0.209 +0.073(p46)0
0.258 +0.325(p=0.472)
0.296 +0.181(p=0.177
0.141 +0.166(p4D)4
0.364 +0.258(p=0)23
0.471 +0.333(p30)
0.200 +q[249412)
0.765 +0.£D(279)

-0.559 +0.224(p=0.067)
-0.025 +0.163(p=0.887)
0.087 +0.138(p=0.564)
-0.136 +0.125(p=0.338)
-0.355 +0.064(p=0.005)*
0.200 +0.171(p=0.308)
-0.049 +0.116(p=0.692)
-0.093 +0.167(p=0.605)

-0.044 +0.234(p=0.859) 0.149 +0.175(p=0.443)

0.211 +0.322(p=0.548)
0.050 +0.262(p=0.859)
0.047 +0.255(p=0.861)
0.093 +0.093(p=0.374)

140.+0.143(p=0.361)
24D +0.073(p=0.030)*
030.+0.211(p=0.880)
070 +0.074(p=0.374)

-0.058 +0.240(p=0.816)

Producti@onstant
-0.030 +0.207(p=0.890)
-0.217 +0.124(p=0.157)
-0.560 +0.188(p=0.040)*
-0.049 +0.126(p=0.718)
0.020 +0.124(p=0.878)
-0.139 +0.160(p=0.435)
-0.396 +0.093(p=0.013)*
0.185 +0.168(p=0.334)
-0.066 +0.145(p76)
-0.592 +0.510(p%0)3
-0.094 +0.160(p=0.590)
0.032 +0.177(p=0.865)

0.256 +0.074(p=0.026)*
-0.037 +0.221(p=0.876)
-0.086 +0.086(p=0.374)
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PAWR -0.018 +0.259(p=0.947)  -0.102 +0.229(p=0.680)0.321 +0.112(p=0.046)*  0.245 +0.122(p=0.115)

PSFL 0.181 +0.269(p=0.538)  0.256 +0.324(p=0.475) 1560+0.180(p=0.434) 0.085 +0.238(p=0.739)
SOSP 0.522 +0.356(p=0.216)  0.502 +0.359(p=0.234) 166+0.088(p=0.133) -0.031 +0.103(p=0.776)
SPTO 0.113 +0.292(p=0.719)  0.100 +0.259(p=0.718) 18B+0.208(p=0.428) 0.187 +0.183(p=0.363)
SWTH 0.241 +0.433(p=0.608)  0.249 +0.416(p=0.582) 098.+0.126(p=0.479) -0.038 +0.096(p=0.712)
WIWA 0.029 +0.093(p=0.768)  0.029 +0.090(p=0.767) .03 +0.116(p=0.774)  -0.030 +0.114(p=0.804)
1024
1025
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1026

1027  Figure 1. Study sites are spread throughout th&l&aetropolitan area and across a range of cacopgrage. Canopy cover was obtained
1028 from the National Land Cover Database 2001 (Horhat.£2007).
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Figure 2. Mean NDV!I is significantly greater atdst sites (n=5) than Developed (n=7; p=0.01) anahGimg sites (n=9; p=0.02). Reserve
variance is less than Changing (F= 4.0, p<0.01,di8% and Developed (F= 5.0, p<0.01, df=9, 19)arazes. NDVI was assessed 23 times
yearly at each site from MODIS satellite images] amor free data was averaged to produce yeatdyfdaeach site. Error bars represent
95% confidence intervals around the mean. ONIngasure of ENSO strength; data given here repeE&NSO strength of the winter
preceding the breeding season.
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1036

1037  Figure 3. Species richness is greater at Chargiieg than it is at Reserve sites. Point counts wenducted during the breeding season
1038 and species richness was calculated at the preséaog species in at least one of the point couAtzual richness for each site was
1039 averaged by site type and the error bars are amelatd error of those means.
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1041  Figure 4. Mean guild abundance was most variab&hanging sites and least variable at Reserve ditest counts were conducted
1042  during the breeding season and relative abundaasecalculated for each site. Sites were averagstdtype for each year. Those
1043 means are presented here with standard error@sbains.
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1045 Figure 5. Mean guild abundance was most varigbhanging sites and least variable at Reserve. sReint counts were conducted during the
1046 breeding season and relative abundance was ca&dutateach site. Sites were averaged by siteftypeach year. Those means are presented here
1047  with standard error as error bars.

57



1048

1049
1050
1051

1052

2.0 H

1.5

1.0

Relative Abundance

0.5

0.0

2.0 T
b)
O
o 15-
(&)
5
©
£ | 9
Q —— ——
E < 1.0 1
< T
=
} : f I
[0]
m —_
} % 0.5 ® %
0ot L
00 T T T T T T T _I_ T T
T T T T T T 2001 02 03 04 05 06 07 08 09 2010

T T
2001 02 03 04 05 06 07 08 09 2010

® AMRO
O S8OSP

Figure 6. Few species exhibited variable relativenalance owr the course of my study at Changing (a) and Deeslcsites (b). There was

significant variability at Reserve sites. Paiatints were conducted during the breeding seasbretative abundance 's calculated for each site.
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1053

SUPPLEMENTAL DATA

Table S1: Each bird species was assigned intogtolcthe following five categories based on lifstbry traits.
Developmental guilds are based on the stage ohirdigon the species prefers. Food subsidiesgédeintentional feeding
with bird food.

Developmental Food
Species Species Guilds Migratory Foraging Nesting Subsidies
AMCR Corvus brachyrhynchos Synthropic Resident Generalist Canopy Consumer
AMGO Carduelistristis Early Succession  Short Distance Plantivore Canopy Consumer
AMRO Turdus migratorius Early Succession Short Distance  Plantivore Shrub voidker
ANHU Calypte anna Synthropic Short Distance  Plantivore Shrub Consumer
BARS Hirundo rustica Synthropic Neotropical InsectivoreHuman Structure Avoider
BCCH Poecile atricapillus Early Succession Resident Generalist SecondarigyCav Consumer
BEWR Thryomanes bewickii Early Succession Resident Insectivore  Shrub Avoider
BHCO Molothrus ater Synthropic Neotropical Plantivore Canopy Consumer
BHGR Pheucticus melanocephalus  Early Succession Neotropical Plantivore Shrub <Damer
BRBL  Euphagus cyanocephalus Early Succession Resident Insectivore  Shrub Avoider
BRCR Certhia americana Forest Resident InsectivoreSecondary Cavity Avoider
BTPI Columba fasciata Early Succession Resident Plantivore Canopy Coasum
BTYW Dendroica nigrescens Forest Neotropical Insectivore Canopy Avoider
BUSH Psaltriparus minimus Early Succession Resident Insectivore  Shrub Consumer
CAVI Vireo cassinii Early Succession Neotropical Insectivore  Shrub Avoider
CBCH Poecile rufescens Forest Resident Generalist Secondary Cavity = Consume
CEDW Bombycilla cedrorum Early Succession  Short Distance Insectivore  Shrub Avoider
DEJU Junco hyemalis Early Succession Resident Plantivore Ground Coesum
DOWO Picoides pubescens Forest Resident Insectivore Primary Cavity Consumer
EUST Surnusvulgaris Synthropic Resident Generalist Secondary Cavity sGorer
EVGR Coccothraustes vespertinus  Early Succession  Short Distance  Plantivore Canopy Consumer
GCKI Regulus satrapa Forest Resident Insectivore Canopy Avoider
HAFL Empidonax hammondii Forest Neotropical Insectivore Shrub Avoider
HAWO Picoides villosus Forest Resident Insectivore Primary Cavity Consumer
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HOFI
HOSP
HUVI
KILL
MODO
NOFL
OCWA
OSFL
PAWR
PISI
PSFL
PUFI
RBNU
RBSA
RCKI
RECR
ROPI
RUHU
SAVS
SOSP
SPTO
STJA
SWTH
TOSO
TOWA
VASW
VGSW
WAVI
WCSP
WETA
WEWP

Carpodacus mexicanus

Passer domesticus
Vireo huttoni

Charadrius vociferus

Zenaida macroura
Colaptes auratus
Vermivora celata
Contopus cooperi

Troglodytes pacificus

Carduelis pinus

Empidonax difficilis
Carpodacus purpureus

Stta canadensis
Sphyrapicus ruber
Regulus calendula
Loxia curvirostra

Columba livia
Selasphorus rufus

Passerculus sandwichensis

Mel ospiza melodia
Pipilo maculatus

Cyanocitta stelleri

Catharus ustulatus

Myadestes townsendi
Dendroica townsendi

Chaetura vauxi

Tachycineta thalassina

Vireo gilvus

Zonotrichia leucophrys
Piranga ludoviciana

Contopus sordidus

Synthropic
Synthropic
Forest
Early Succession
Early Succession
Early Succession
Early Succession
Early Succession
Forest
Early Succession
Forest
Forest
Forest
Forest
Forest
Forest
Synthropic
Early Succession
Early Succession
Early Succession
Early Succession
Forest
Forest
Forest
Forest
Early Succession
Early Succession
Early Succession
Early Succession
Forest
Early Succession

Resident
Resident
Resident
Neotropical
Neotropical
Resident
Neotropical
Neotropical
Resident
Resident
Resident
Neotropical
Resident
Resident
Resident

Short Distance

Resident
Neotropical
Neotropical
Resident
Resident
Resident
Neotropical
Neotropical
Neotropical
Neotropical
Neotropical
Neotropical

Short Distance

Neotropical
Neotropical

Plantivore Canopy

Plantivore  Human Structure

Insectivore Shrub
Insectivore  Ground
Plantivore Canopy

InsectivorePrimary Cavity
Insectivore  Shrub
Insectivor8econdary Cavity
Insectivore Shrub
Plantivore Canopy
Insectivore Primary Cavity
Plantivore Canopy
InsectivoreSecondary Cavity
Insectivore Primary Cavity

Insectivore Canopy
Plantivore Canopy
Plantivore  Human Structure
Plantivore Shrub
Insectivore  Ground
Insectivore Shrub
Insectivore  Ground
Generalist Canopy
Plantivore Shrub
Plantivore Shrub
Insectivore Canopy

Insectivor8econdary Cavity
Insectivor8econdary Cavity

Insectivore Shrub
Insectivore  Shrub
Insectivore Canopy
Insectivore Shrub

Consumer
Gores
Avoider
Avoider
ngDmer
Consumer
Avoider
Avoider
Avoider
Coasum
Consumer
Consumer
Consumer
Avoider
Avoider
Avoider
Gores
sbamer
Avoider
Consumer
Consumer
Consumer
Avoider
Avoider
Avoider
Avoider
Avoider
Avoider
Avoider
Avoider
Avoider
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WIFL
WIWA
YRWA
1054
1055

Empidonax traillii
Wilsonia pusilla
Dendroica coronata

Early Succession
Forest
Early Succession

Neotropical
Neotropical
Neotropical

Insectivore
Insectivore
Insectivore

Shrub
Ground
Canopy

Avoider
Avoider
Consumer
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1056

Table S2. The mean relative abundance for eadespat Changing sites over the course of thisystirRklative abundance was assessed by conduoting® m

fixed radius point counts at four to eight poimtseach study site. Each year of data represemtmiéan of all sites (N) that were measured that yea

YEAR

2001 N=9 2002 N=9 2003 N=9 2004 N=9 2005 N=9 2068 N 2007 N=9 2008 N=9 2009 N=6 2010 N=9

Species Mean SE. Mean S.E. Mean S.E. Mean SE. Mean SEeanM SE. Mean S.E. Mean SE. Mean S.E. Mean S.E
AMCR 022 006 036 008 09 031 069 013 054.120 0.0 0.16 057 012 088 019 080 014 o055110.
AMGO 005 004 011 006 034 011 051 021 044.210 047 028 060 023 073 024 031 012 0.32090.
AMRO 072 013 083 0213 111 012 084 013 1.11.1270 082 0.16 060 024 109 0.16 096 0.19 0.47040.
ANHU 003 002 000 000 003 002 002 001 0.02.020 000 000 003 002 003 001 001 0.01 0.00000.
BARS 0.04 003 001 001 010 0.07 012 0.0 0.04.020 0.03 002 004 001 o006 004 007 0.03 0.02010.
BCCH 019 007 034 009 025 010 024 0.09 0.18.040 031 011 020 005 023 007 051 022 o0.28070.
BEWR 009 003 016 005 023 005 015 0.06 0.11.050 0.11 005 0.08 0.03 009 003 009 005 0.13040.
BHCO 017 003 021 006 017 008 028 005 0.22.050 017 005 019 006 025 009 001 0.01 0.09030.
BHGR 006 003 020 006 024 005 009 004 0.112.030 010 005 010 004 013 004 013 0.03 0.09020.
BRBL 0.00 000 000 000 000 000 003 0.03 0.06.060 020 010 000 000 000 000 000 0.00 0.00000O.
BRCR 013 004 029 009 028 006 011 0.04 0.08.030 013 005 007 003 008 003 002 002 0.09030.
BTPI 005 004 000 000 004 004 004 002 0.02.020 000 000 000 000 000 000 000 0.00 0.00000O0.
BTyw 0.10 003 020 010 007 003 004 001 0.09.030 004 002 007 003 008 003 006 005 o0.01010.
BUSH 0.06 0.02 004 002 007 005 003 003 0.08.050 003 002 001 001 016 0.06 0.05 0.02 0.04020.
CAvVI 0.03 002 004 002 003 002 000 000 0.02.020 001 001 003 003 002 002 000 0.00 0.00000.
CBCH 044 004 036 008 081 012 073 0.16 0.65.160 051 012 051 010 061 020 014 0.12 o0.43120.
CEDW 021 005 010 003 049 0213 079 046 0.39.180 034 012 036 010 035 009 019 0.09 0.16060.
DEJU 041 009 043 009 071 010 070 0.7 0.77.180 043 007 055 010 098 018 080 0.14 0.68100.
DoOowO 0.02 002 008 002 003 001 001 001 0.00000 000 000 o000 000 o000 000 001 001 0.00000.
EUST 021 009 069 020 043 011 048 019 067.360 038 015 043 022 051 022 090 036 0.20090.
EVGR 002 001 005 003 000 000 002 002 0.08.040 005 005 006 002 010 005 0.04 0.04 0.09070.
GCKI 0.15 003 013 004 012 003 005 0.02 0.13.050 009 004 005 002 009 004 0.03 0.02 0.06020.
HAFL 000 000 001 001 000 000 001 001 0.02.020 0.00 000 000 000 000 000 000 0.00 0.01000.
HAWO 0.05 002 006 003 004 002 004 002 0.03.020 003 001 005 002 001 001 005 003 ©0.02010.
HOFI 0.13 007 002 002 026 011 023 0.07 0.12.060 010 004 008 002 036 010 013 0.05 0.13040.
HOSP 000 000 000 000 001 001 007 005 010080 009 006 009 009 010 009 0.09 0.07 0.05040.
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HUVI
KILL
MODO
NOFL
OCWA
OSFL
PAWR
PISI
PSFL
PUFI
RBNU
RBSA
RCKI
RECR
ROPI
RUHU
SAVS
SOSP
SPTO
STJA
SWTH
TOSO
TOWA
VASW
VGSW
WAVI
WCSP
WETS
WEWP
WIFL
WIWA
YRWA

0.02
0.01
0.00
0.03
0.00
0.00
0.48
0.41
0.40
0.05
0.03
0.00
0.01
0.01
0.05
0.11
0.00
0.45
0.56
0.10
0.45
0.00
0.00
0.02
0.59
0.01
0.14
0.07
0.00
0.06
0.13
0.02

0.01
0.01
0.00
0.02
0.00
0.00
0.16
0.12
0.12
0.01
0.02
0.00
0.01
0.01
0.03
0.06
0.00
0.09
0.10
0.04
0.10
0.00
0.00
0.02
0.13
0.01
0.06
0.02
0.00
0.04
0.04
0.02

0.13
0.03
0.00
0.04
0.03
0.01
0.46
0.57
0.42
0.11
0.13
0.00
0.02
0.01
0.09
0.15
0.00
0.71
0.75
0.09
0.48
0.00
0.05
0.00
0.73
0.02
0.18
0.15
0.01
0.10
0.14
0.11

0.04
0.01
0.00
0.01
0.02
0.01
0.15
0.12
0.11
0.04
0.02
0.00
0.02
0.01
0.06
0.05
0.00
0.13
0.13
0.03
0.12
0.00
0.03
0.00
0.17
0.01
0.07
0.02
0.01
0.04
0.03
0.04

0.07
0.04
0.00
0.10
0.02
0.00
0.19
0.58
0.29
0.16
0.31
0.01
0.00
0.01
0.38
0.11
0.00
0.64
0.90
0.26
0.48
0.00
0.04
0.04
1.02
0.00
0.17
0.19
0.01
0.10
0.12
0.01

0.03
0.02
0.00
0.04
0.02
0.00
0.06
0.14
0.08
0.06
0.10
0.01
0.00
0.01
0.22
0.04
0.00
0.15
0.21
0.09
0.13
0.00
0.03
0.03
0.23
0.00
0.06
0.06
0.01
0.06
0.04
0.01

0.02
0.02
0.00
0.04
0.03
0.01
0.15
0.28
0.23
0.03
0.25
0.03
0.00
0.08
0.53
0.08
0.01
0.40
0.60
0.15
0.37
0.00
0.03
0.09
1.46
0.00
0.18
0.13
0.02
0.07
0.09
0.01

0.01
0.01
0.00
0.02
0.02
0.01
0.07
0.17
0.06
0.02
0.10
0.02
0.00
0.04
0.22
0.03
0.01
0.10
0.09
0.06
0.11
0.00
0.02
0.04
0.27
0.00
0.08
0.03
0.01
0.03
0.03
0.01

0.04 .020
0.01 .010
0.00.000
0.02.010
0.03.020
0.00.000
0.19.070
0.78.240
0.30.09 0
0.09.020
0.17.040
0.04.010
0.03.020
0.01.010
0.33.200
0.10.030
0.02.020
0.7718 0
0.83.14 0
0.10.030
0.37.100
0.00.00 0
0.02.010
0.03.020
1.91.420
0.03 .010
0.25100
0.14.040
0.01.010
0.08 .030
0.09 .040
0.01.010

0.01
0.00
0.00
0.07
0.03
0.00
0.10
0.08
0.11
0.13
0.07
0.03
0.00
0.01
0.39
0.10
0.00
0.42
0.74
0.07
0.35
0.00
0.00
0.00
1.15
0.03
0.18
0.10
0.00
0.09
0.05
0.12

0.01
0.00
0.00
0.03
0.02
0.00
0.05
0.04
0.03
0.05
0.02
0.01
0.00
0.01
0.09
0.05
0.00
0.09
0.23
0.03
0.11
0.00
0.00
0.00
0.13
0.02
0.07
0.04
0.00
0.06
0.02
0.12

0.02
0.01
0.00
0.05
0.01
0.00
0.20
0.53
0.11
0.08
0.05
0.04
0.03
0.00
0.17
0.06
0.01
0.33
0.62
0.07
0.31
0.00
0.02
0.01
0.87
0.03
0.19
0.06
0.00
0.06
0.07
0.01

0.01
0.00
0.00
0.02
0.01
0.00
0.07
0.20
0.02
0.05
0.01
0.02
0.02
0.00
0.06
0.03
0.01
0.08
0.16
0.03
0.10
0.00
0.01
0.01
0.17
0.03
0.07
0.02
0.00
0.04
0.02
0.01

0.03
0.00
0.00
0.06
0.05
0.02
0.11
0.61
0.21
0.14
0.10
0.08
0.02
0.15
0.59
0.09
0.02
0.54
0.85
0.07
0.41
0.01
0.00
0.04
1.61
0.02
0.29
0.10
0.00
0.06
0.10
0.14

0.01
0.00
0.00
0.03
0.02
0.01
0.05
0.14
0.07
0.04
0.04
0.03
0.02
0.09
0.31
0.03
0.02
0.12
0.20
0.03
0.12
0.01
0.00
0.03
0.29
0.01
0.13
0.03
0.00
0.05
0.03
0.06

0.00
0.08
0.00
0.08
0.00
0.00
0.16
0.12
0.17
0.05
0.10
0.01
0.01
0.00
0.20
0.00
0.05
0.36
0.71
0.02
0.25
0.00
0.00
0.00
1.47
0.00
0.18
0.08
0.00
0.03
0.09
0.02

0.00
0.05
0.00
0.03
0.00
0.00
0.10
0.11
0.06
0.03
0.05
0.01
0.01
0.00
0.10
0.00
0.05
0.11
0.25
0.01
0.11
0.00
0.00
0.00
0.40
0.00
0.10
0.06
0.00
0.02
0.04
0.02
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0.00 00 0.
0.00 00 0.
0.03 01 0.
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0.00 00 0.
0.04 02 0.
0.16 07 0.
0.13 05 0.
0.02 01 0.
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0.02 02 0.
0.00 00 0.
0.02 02 0.
0.28 08 0.
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0.05 05 0.
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0.00 00 0.
0.61 12 0.
0.02 01 0.
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0.04 02 0.
0.06 02 0.
0.04 01 0.
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Table S3. The mean relative abundance for eadhiespat Developed sites over the course of thidystirRelative abundance was assessed
by conducting four 50 m fixed radius point courtt$oar to eight points in each study site. Eachry data represents the mean of all
sites (N) that were measured that year. Some peanissing data because no sites were sampliegetdra

YEAR

2001 N=7 2002 N=4 2003 N=7 2004 2005 2006 2007 2068 2009 N=4 2010 N=7
Species Mean S.E. Mean S.E. Mean S.E. Mean S.E. Mean S.EeanM SIE. Mean S.E. Mean S.E. Mean S.E. Mean S.E.
AMCR .78 .16 .59 .34 .89 .16 46 .38 .61 9 .2 47 .09
AMGO .04 .02 .00 .00 .15 .02 37 .34 15 3.0 .12 .04
AMRO 112 .17 .81 24 143 22 156 .44 21.2.07 .61 .10
ANHU .03 .02 .00 .00 .07 .04 .03 .03 .03 2.0.11 .04
BARS .08 .08 .00 .00 .07 .05 .00 .00 .00 0 .0.00 .00
BCCH 49 .10 .56 21 .55 14 .66 .46 94 7 .1.56 .15
BEWR 18 .06 A7 .26 .28 .06 .29 17 11 4 .0.28 .06
BHCO A2 .04 .06 .03 .19 .06 43 .39 .01 1 .0.09 .03
BHGR .07 .02 19 .15 .10 .04 .25 16 .10 4 .0.08 .02
BRBL .00 .00 .00 .00 .00 .00 .00 .00 .05 5.0 .00 .00
BRCR .04 .02 .25 .07 18 .07 14 A1 011 .0.15 .04
BTPI .06 .04 .06 .06 .05 .03 .00 .00 .00 0 .0.00 .00
BTYw .02 .02 .09 .06 .03 .03 10 .07 .03 3.0.01 .01
BUSH 35 .14 .09 .06 21 .10 .00 .00 13 7 .0.00 .00
CAVI .00 .00 .00 .00 .01 .01 .00 .00 .01 1.0 .00 .00
CBCH 27 .04 .56 .28 .69 .18 .86 .27 .09 6 .0 .47 A1
CEDW .18 .08 .06 .06 31 A2 27 .02 .10 3 .0.25 A1
DEJU 24 .09 12 .05 32 12 .64 .24 .78 7 .0.58 13
DOWO .00 .00 19 A1 .01 .01 .00 .00 .01 1 .0.00 .00
EUST 1.34 .47 .06 .06 94 33 .94 .94 8043 . .28 .10
EVGR .03 .03 .00 .00 .02 .02 .00 .00 .09 9 0.01 .01
GCKI 12 .06 .38 .07 .09 .03 .16 A2 .02 1.0 .06 .02
HAFL .00 .00 .00 .00 .00 .00 .00 .00 .00 0.0 .01 .01
HAWO .03 .01 .00 .00 .00 .00 .04 .04 .02 2 .0.00 .00
HOFI 1.01 .34 .03 .03 134 .28 1.11 1.11 8 .0.04 .23 .06
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HOSP
HUVI
KILL
MODO
NOFL
OCWA
OSFL
PAWR
PISI
PSFL
PUFI
RBNU
RBSA
RCKI
RECR
ROPI
RUHU
SAVS
SOSP
SPTO
STJA
SWTH
TOSO
TOWA
VASW
VGSW
WAVI
WCSP
WETS
WEWP
WIFL
WIWA
YRWA

A7

.00
.00

.00
.10
.02
.00
10
25
14
.01
.03
.00

.00

.00
.04
.02
.00
.50
.55
.18
19
.00

.03
.00

.90

.00

.03
.06
.00

.03
.08
.00

.20

.00
.00

.00
.06
.01
.00
.05
.05
.08
.01
.01
.00
.00
.00
.04
.01
.00
A3
A1
.03
.09
.00
.03
.00
.29

.00

.03
.03
.00

.03
.03
.00

.00

.06
.00

.00
.09
.00
A3
34
41
19
.03
.16
.00

.06

.00
.00
.16
.00
1.09
.56
.18
.53
.00

.00
.00

.03

.00

.00
19
.03

.00
.34
.06

.00

.06
.00

.00
.03
.00
A3
12
.06
A2
.03
.09
.00
.06
.00
.00
.09
.00
.34
21
.06
.28
.00
.00
.00
.03

.00

.00
.08
.03

.00
19
.06

48

.03
.00

.00
22
.00
.03
15
.25
.10
.07
.22
.01
.01
.00
.08
.04
.00
A7
75
43
.37
.00
.01
.01
.63

.00

.02
14
.03

.06
.09
.01

22

.03
.00

.00
.06
.00
.01
.06
.07
.09
.07
.06
.01
.01
.00
.06
.03
.00
.08
.16
14
22
.00
.01
.01
19

.00

.02
.07
.02

.04
.03
.01

.16
.02

.00

.00
15
.02
.02
41
.25
31
.10
14
.02
.00
.00
.02
.04
.00
43
.82
A2
.28
.00
.00
.06
1.52
.02
.00
45
.00
.00
A1
.00

.16
.02

.00

.00
A1
.02
.02
.38
.25
31
10
A1
.02
.00
.00
.02
.01
.00
.10
.24
.04
22
.00
.00
.06
1.23

.02

.00

.30

.00
.00
.02
.00

.09 7

.03 3.
.00 0.0 .00

.00
14

=
0o
NFPFFRPOOMOOOPIMO

o o
)
=)

011
.00 0
.509
.62 6
32 2
391
.00 0
.00 0O
.00 0
4219

.00 0.

.000
.08 3
.000

.06 4.
A8 7.
01 1.

.0.12
0 .01

.0 .00
.0.09
.0 .00
.0.00
.1.05
.0.09
.2.07
.0.04
.0.18
.0.03

.0 .00

.0.10
.0.05
.0 .06
.0.00
. .36
1.45
1.25
2.15
.0.00

.0 .00
.0 .02

14
0 .02
.0.01
.0.04
.0.01
0 .00
0 .07
0 .00

.08
.01
.00
.00
.03
.00
.00
.05
.04
.04
.03
.04
.01
.00
.10
.02
.02
.00
.06
.06
.05
.08
.00
.00
.01
.05
.02
.01
.01
.01
.00
.03
.00
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Table S4. The mean relative abundance for eadhiespat Reserve sites over the course of this stR#yative abundance was assessed
by conducting four 50 m fixed radius point courtt$oar to eight points in each study site. Eachryd data represents the mean of all
sites (N) that were measured that year. There &andard error for 2008 because only one sitesaapled that year.
YEAR
2001 N=5 2002 N=3 2003N=5 2004 N=5 2005N=4 2068 N 2007 N=4 2008 N=5 2009 N=1 2010 N=4
Species Mean S.E. Mean S.E. Mean S.E. Mean S.E. Mean S.EeanM SIE. Mean S.E. Mean S.E. Mean S.E. Mean S.E.

AMCR 04 04 O 03 .10 06 .09 .O7 .03 .03 .053.0.08 .06 .18 .09 .06 A5 11
AMGO 00 OO OO OO .08 05 00 .00 .00 .00 .033.0.04 .04 .02 .01 .00 .00 .00
AMRO 66 14 74 03 77 22 58 07 74 19 610 .2.74 .23 .66 18 .62 29 .04
ANHU 01 01 00 00 01 01 00 .00 .01 .01 .000.0.00 .00 .03 .02 .00 .02 .02
BARS OO0 00 00 00 00 00 00 00 .00 .00 000 .000 .00 .00 .00 .00 .00 .00
BCCH 03 02 48 20 .14 08 .08 .04 00 .00 .158 .0.12 .07 .13 .06 .25 A7 .10
BEWR 02 01 .13 .04 212 17 05 .03 .10 .06 .054 .0.09 .08 .05 .05 .12 .01 .01
BHCO 01 01 04 03 01 01 00 .00 .00 .00 .022 .0.00 .00 .02 .01 .00 .04 .03
BHGR 14 03 32 06 .15 07 .18 10 .23 .07 242 115 .09 .25 A1 A2 A3 .07
BRBL .0 00 00 00 .00 .00 00 00 00 .00 .000.0.00 .00 .00 .00 .00 .00 .00
BRCR 25 08 48 24 53 22 40 24 38 .06 403 .150 .11 .38 A2 .62 31 .08
BTPI 01 01 o000 OO 05 03 03 01 04 01 00O .00O00 .00 .00 .00 .06 .00 .00
BTyw 04 03 21 .10 05 .03 .11 .04 23 .09 .114.0.06 .03 .02 .02 A2 .04 01
BUSH 01 01 o000 00 07 O7r OO OO 05 .05 .000 .000 .00 .00 .00 .00 .00 .00
CAVI 00 o000 01 01 01 01 00O .00 05 04 o0O0OO.0.00 .00 .00 .00 .00 .00 .00
CBCH .68 06 60 .04 82 12 133 25 131 .19 91 65 .14 127 .28 125 82 12
CeEbw 09 05 01 01 .08 .O7 02 .02 06 .04 032 .0.03 .03 .07 .04 .06 01 .01
DEJU A5 07 21 08 36 21 25 04 21 11 114 023 12 42 14 31 49 .23
powo 00 00 05 03 03 .02 00 .00 .00 .00 .000 .0.00 .00 .01 .01 .00 .01 .01
EUST 17 1 0O OO .17 1y OO OO 00 .00 .000 .0.00 .00 .12 A2 .00 .02 .02
EVGR 01 01 02 02 00 0O OO 0O 01 .01 .000 .0.00 .00 .06 .06 .00 .09 .06
GCKI 7 04 34 17 23 06 .10 06 33 .27 .043.0.04 .01 .29 14 31 21 14
HAFL 06 06 OO OO 01 01 01 01 01 .01 o00O0.000 .00 .00 .00 .00 .00 .00
HAWO O7 03 O7 01 .11 03 .10 03 .07 03 .081.009 .04 .14 .06 .12 .05 .02
HOFI 08 08 00 OO0 22 22 00 .00 .00 .00 .000 .0.00 .00 .06 .06 .00 .09 .09
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KILL
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OSFL
PAWR
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.06
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.00
22
.02

.00
.02
.00
.00
.03
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.18
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Table S5. Mean species richness for each yead#tatwas collected at each site type. A "-" regmessyears when data was not collected.

Changing

Species
Richness

Developed
Species
Richness
Reserve
Species

Richness

1061
1062

2001 N=9

Mean S.E.

30.89 1.64

2001 N=7

Mean S.E.

2771 1.34

2001 N=5

Mean S.E.

2340 1.21

2002 N=9
Mean S.E.

34.78 1.75

2002 N=4
Mean S.E.

23.00 212

2002 N=3
Mean S.E.

30.67 2.19

2003 N=9

Mean S.E.

34.33 1.58

2003 N=7

Mean S.E.

33.57 0.92

2003 N=5

Mean S.E.

27.20 3.53

2006 N=9
S.EeanM S.E.

2004 N=9 2005 N=9

Mean S.E. Mean

3456 2.35 36.069 130.33 1.76

2006 N=0
S.EeanM S.E.

2004 N=0 2005 N=0

Mean S.E. Mean

2006 N=4
S.EeanM S.E.

2004 N=5 2005 N=4

Mean S.E. Mean

23.80 150 25.5(3 224.00 2.38

2007 N=9

Mean S.E.

3278 1.41

2007 N=0

Mean S.E.

2007 N=4

Mean S.E.

2400 1.22

2010 N=9
S.E.

2008®N=
Mean S.E.

33.33 1.64 26.17 1.970@9.1.42

2009 N=6

Mean S.E. Mean

2010 N=7
S.E.

2008N=
Mean S.E.

2009 N=4

Mean S.E. Mean

582 3.50 2950 2.02 28.86 1.44

20086N= 2009 N=1 2010 N=4
Mean S.E. Mean S.E. Mean S.E.
27.00 2.10 32.00 - 25.2572
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Table S6. Presence and Absence information for gjaeties at each site type through the coursaesstindy. A "-" represents a year that
data was not collected for that site type.
Abbreviations: C= Changing sites , D= DevelopedssjtR= Reserve sites P= Present and A= Absent

2001 2002 2003 2005 2005

C
AMCR P
AMGO P
AMRO P
ANHU P
BARS P
BCCH P
BEWR P
BHCO P
BHGR P
BRBL A
BRCR P
BTPI P
BTYW P
BUSH P

P
P
P
P
P
P
P
P
A
P
P
A
P
P
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PAWR
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RBNU
RBSA
RCKI
RECR
ROPI

P
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RUHU
SAVS
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P
P

O<aogqgQpfB0o<nn
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STJA
SWTH
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VASW
VGSW
WAVI
WCSP
WETS
WEWP
WIFL
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YRWA
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1063
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Table S7. Summary of F statistics from ANOVAs ardatpes from post hoc Tukey
HSD tests. Analysis was run between site types aléen years and between years
at each site type; post hoc tests are reporteanfalysis between site types for species
richness, guild relative abundance and speciesvwelabundance.

SPECIES RICHNESS

Richness between types

ANOVA Between groups df within groups df  F value value
Richness 2 18 6.34 0.008
TUKEY HSD harmonic mean n mean difference g valuevalpe
Changing-Developed 6.61 3.38 255 0.149
Changing-Reserve 6.61 6.67 5.02 0.007
Developed-Reserve 6.61 3.29 247 0.253

Richness between years

ANOVA Between groups df within groups df  F value value
Changing 9 77 2.74 0.008
Developed 5 25 5.01 0.003
Reserve 9 30 0.974 0481

GUILD ABUNDANCE

Guilds between types

ANOVA Between groups df within groups df  F value value
Forest Abundance 2 18 9.11  0.002
TUKEY HSD harmonic mean n mean difference g valuevalpe
Changing-Developed 6.61 0.337 0.71 0.849
Changing-Reserve 6.61 -2.5 5.27  0.005

Developed-Reserve 6.61 -2.84 598 0.002



ANOVA
Synanthropic
Abundance

TUKEY HSD
Changing-Developed
Changing-Reserve
Developed-Reserve

ANOVA

Migrant Abundance
TUKEY HSD
Changing-Developed
Changing-Reserve
Developed-Reserve

ANOVA

Resident Abundance
TUKEY HSD
Changing-Developed
Changing-Reserve
Developed-Reserve

ANOVA

Insectivore Abundance

TUKEY HSD
Changing-Developed
Changing-Reserve
Developed-Reserve

ANOVA

Herbivore Abundance

Between groups df

2
harmonic mean n
6.61
6.61
6.61

Between groups df
2
harmonic mean n
6.61
6.61
6.61

Between groups df
2
harmonic mean n
6.61
6.61
6.61

Between groups df
2
harmonic mean n
6.61
6.61
6.61

Between groups df
2

within groups df

18
mean difference
-0.901
1.48
2.38

within groups df
18

mean difference
1.02
0.876
-0.143

within groups df
18

mean difference
-1.06
0.387
1.44

within groups df
18

mean difference
1.08
0.427
-0.65

within groups df
18

F valug value

7.25 0.005
g valuevalpe
216 0.243
3.56 0.057
5.72 0.004

F valug value

3.42 0.055
g valuevalpe

3.13 0.065
269 0.174
0.44 0.954

F valug value

253 0.108
g valuevalpe
229 0.210
0.84 0.831
3.12 0.124

F valug value

3.73 0.044
g valuevalpe

3.54 0.035
1.40 0.599
2.13 0.345

F valug value
4.46  0.027

74



TUKEY HSD
Changing-Developed
Changing-Reserve
Developed-Reserve

ANOVA

Generalist Abundance

TUKEY HSD
Changing-Developed
Changing-Reserve
Developed-Reserve

ANOVA

Subsidy Consumer
Abundance

TUKEY HSD
Changing-Developed
Changing-Reserve
Developed-Reserve

ANOVA

Subsidy Consumer
Abundance

TUKEY HSD
Changing-Developed
Changing-Reserve
Developed-Reserve

Guilds between years

Forest Abundance
ANOVA

harmonic mean n
6.61
6.61
6.61

Between groups df
2
harmonic mean n
6.61
6.61
6.61

Between groups df

2
harmonic mean n
6.61
6.61
6.61

Between groups df

2
harmonic mean n
6.61
6.61
6.61

Between groups df

mean difference
0.257
1.46
1.21

within groups df
18

mean difference
-0.849
0.470
1.32

within groups df

18
mean difference
-0.478
2.07
2.54

within groups df

18
mean difference
0.950
0.291
-0.660

within groups df

g valuevalpe

0.74 0.839
418 0.024
3.46  0.083

F valug value

6.28  0.009
g valuevalpe
3.29 0.051
1.82 0.429
5.11  0.009

F value value

6.29  0.009
g valuevalpe
0.96 0.752
416 0.025
5.11  0.009

F value value

1.74 0.204
g valuevalpe
240 0.182
0.73 0.867
1.66 0.523

F value value



Changing 9
Developed 5
Reserve 9
Synanthropic

Abundance

ANOVA Between groups df
Changing 9
Developed 5
Reserve 9
Migrant Abundance

ANOVA Between groups df
Changing 9
Developed 5
Reserve 9
Resident Abundance

ANOVA Between groups df
Changing 9
Developed 5
Reserve 9
Insectivore Abundance

ANOVA Between groups df
Changing 9
Developed 5
Reserve 9
Herbivore Abundance

ANOVA Between groups df

77
25
30

within groups df
77
25
30

within groups df
77
25
30

within groups df
77
25
30

within groups df
77
25
30

within groups df

262 0.011
1.64 0.187
1.76  0.119

F valug value

1.54 0.148
292 0.033
061 0.779

F valug value
4.507 0.003
2.03 0.109

F valug value

451 <0.001
3.17 0.024
1.41 0.227

F valug value

4.31 <0.001
5.64 0.001
1.98 0.079

F valug value
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Changing 9 77 4.05 <0.001

Developed 5 25 576 0.001
Reserve 9 30 1.118 0.381
Generalist Abundance

ANOVA Between groups df within groups df F value value
Changing 9 77 2.39 0.019
Developed 5 25 1.58 0.202
Reserve 9 30 0469 0.884
Subsidy Consumer Abundance

ANOVA Between groups df within groups df F value value
Changing 9 77 4.65 <0.001

Developed 5 25 3.53 0.015
Reserve 9 30 0.726 0.681
Subsidy Avoider Abundance

ANOVA Between groups df within groups df F value value
Changing 9 77 3.22 0.002
Developed 5 25 293 0.032
Reserve 9 30 1.728 0.126
SPECIES

ABUNDANCE

Species between types

ANOVA Between groups df within groups df  F valuep value
AMCR 2 18 7.3 0.005
TUKEY HSD harmonic mean n mean difference g valuevalpe

Changing-Developed 6.61 -0.131 1.26  0.607

Changing-Reserve 6.61 0.451 4.32 0.02



Developed-Reserve

ANOVA

AMRO

TUKEY HSD
Changing-Developed
Changing-Reserve
Developed-Reserve

ANOVA

BEWR

TUKEY HSD
Changing-Developed
Changing-Reserve
Developed-Reserve

ANOVA

BHGR

TUKEY HSD
Changing-Developed
Changing-Reserve
Developed-Reserve

ANOVA

EUST

TUKEY HSD
Changing-Developed
Changing-Reserve
Developed-Reserve

ANOVA

6.61

Between groups df
2
harmonic mean n
6.61
6.61
6.61

Between groups df
2
harmonic mean n
6.61
6.61
6.61

Between groups df
2
harmonic mean n
6.61
6.61
6.61

Between groups df
2
harmonic mean n
6.61
6.61
6.61

Between groups df

0.581

within groups df
18

mean difference
-0.168
0.181
0.35

within groups df
18

mean difference
-0.086
0.072
0.158

within groups df
18

mean difference
0.044
-0.065
-0.109

within groups df
18

mean difference
-0.416
0.273
0.69

within groups df

5.57 0.004

F value value

2.72 0.093
g valuevalpe

1.68 0.414
1.81 0.433
3.50 0.078

F valug value

4.37 0.028
g valuevalpe
2.33 0.185
1.95 0.363
4.28 0.024

F value value

1.94 0.173
g valuevalpe

1.19 0.638
1.76 0.447
4.04 0.149

F valug value

3.58 0.049
g valuevalpe
236 0.191
155 0.539
3.91 0.046

F value value
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PAWR

TUKEY HSD
Changing-Developed
Changing-Reserve
Developed-Reserve

ANOVA

PSFL

TUKEY HSD
Changing-Developed
Changing-Reserve
Developed-Reserve

ANOVA

SOSP

TUKEY HSD
Changing-Developed
Changing-Reserve
Developed-Reserve

ANOVA

SPTO

TUKEY HSD
Changing-Developed
Changing-Reserve
Developed-Reserve

ANOVA

SWTH

TUKEY HSD
Changing-Developed

2

harmonic mean n
6.61
6.61
6.61

Between groups df
2
harmonic mean n
6.61
6.61
6.61

Between groups df
2
harmonic mean n
6.61
6.61
6.61

Between groups df
2
harmonic mean n
6.61
6.61
6.61

Between groups df
2
harmonic mean n
6.61

18
mean difference

within groups df
18

mean difference
0.137
-0.23
-0.367

within groups df
18

mean difference
0.076
0.138
0.063

within groups df
18

mean difference
0.124
0.239
0.115

within groups df
18

mean difference
0.181

11.8 0.001
g valuevalpe
0.00
0.00
0.00

F value value

5,58 0.013
g valuevalpe

1.88 0.338
3.16 0.100
5.04 0.010

F valug value

0.705 0.507
g valuevalpe
091 0.767
1.65 0.492
0.76 0.872

F value value

1.24 0.312
g valuevalpe

1.15 0.655
221 0.293
1.07 0.76

F valug value

1.52 0.245
g valuevalpe
1.72  0.397
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Changing-Reserve
Developed-Reserve

ANOVA

WIWA

TUKEY HSD
Changing-Developed
Changing-Reserve
Developed-Reserve

Species between years
AMCR

Changing

Developed

Reserve

AMRO
Changing
Developed
Reserve

BEWR
Changing
Developed
Reserve

BHGR
Changing
Developed
Reserve

6.61
6.61

Between groups df

2
harmonic mean n

6.61
6.61
6.61

Between groups df
9
5
9

Between groups df
9
5
9

Between groups df
9
5
9

Between groups df
9
5
9

-0.077
-0.258

within groups df

18

mean difference

0.02
-0.084
-0.104

within groups df

77
25
30

within groups df

77
25
30

within groups df

77
25
30

within groups df

77
25
30

0.73 0.868
246  0.259

F valug value

221 0.138
g valuevalpe
0.57 0.897
241 0.228
299 0.137

F valug value

1.69 0.107
2.74 0.042
0.543 0.831

F valug value

232 0.023
6.26  0.001
0.27 0.978

F valup value

0.857 0.567
1.28 0.303
0.896 0.541

F valup value

0.494 0.874
1.047 0.412
0.301 0.969
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EUST
Changing
Developed
Reserve

PAWR
Changing
Developed
Reserve

PSFL
Changing
Developed
Reserve

SOSP
Changing
Developed
Reserve

SPTO
Changing
Developed
Reserve

SWTH
Changing
Developed
Reserve

WIWA

Between groups df
9
5
9

Between groups df
9
5
9

Between groups df
9
5
9

Between groups df
9
5
9

Between groups df
9
9
9

Between groups df
9
5
9

Between groups df

within groups df
77
25
30

within groups df
77
25
30

within groups df
77
25
30

within groups df

77
25
30

within groups df
77
25
30

within groups df
77
25
30

within groups df

F valup value

0.779  0.637
1.79 0.151
0.488 0.87

F valup value

253 0.014
0.855 0.525
1.17 0.349

F valup value

243 0.017
0.551 0.736
0.756  0.656

F valysvalue

231 0.023
0.597 0.702

1.16 0.355

F value value
0.682 0.723

2.63 0.048
0.841 0.585

F valup value

0.604 0.79
0.507 0.768
0.449 0.897

F valug value
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Changing
Developed

Reserve
1065

1066

o1 ©

77
25
30

0.963
0.757
0.495

0.477
0.589
0.866
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1067  Figure S1. Diagram of the tools utilizedARCGIS 9.3.3 (ESRI 2008) to extract the NDVI dataach of my 21 sites from the MODIS

1068 product. NDVI data is the first layer of the .HEMe so there is no need to extract it as a sulsgsithowever, the pixel reliability needed to
1069 be extracted because it is the fourth layer. lizetil the Set Null tool to remove any unreliable Wdlata, utilizing the new Pixel

1070  Reliability subdataset as the basis for removaieliable pixels were classified as “No Data” exéhgdthem from Zonal Statistics

1071 calculations. With the reliable NDVI layer pregdr | created a one kilometer circle around theeresf each site using Mean Center and
1072  Buffer tools. The final output, produced with thenal Statistics as Table tool, is a table for edate that NDVI was collected by the

1073  MODIS satellite in my study area.
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