ABSTRACT
THE EFFECTS OF CHANGING WATER AVAILABILITY ON
BIRD COMMUNITIES IN A CALIFORNIA URBAN
LANDSCAPE
As California continues to persist in a state of severe drought, residents of
the Fresno Clovis Metropolitan Area (FCMA) are slowly making changes to
reduce their water usage and to be conscious of how this resource is utilized in
their landscape. Since the advent of water metering in 2013 and the Governor’s
declaration of California’s state of emergency, it is unknown how the response of
our wildlife populations will fare, in particular, avian populations. Several studies
have indicated that a long-term drought and the reduction of water availability can
have adverse effects on the avian communities within a city. A pre-metering
(2008) to post-metering (2015) comparison was conducted using multivariate
analyses to determine how the landscape changed over time and if avian
communities have responded to the “effective drought” that the FCMA is
experiencing.
Since pre-metering, bird abundance and the species richness of the FCMA
has decreased and new habitat variables are now shown to predict bird species
richness and abundance. Other essential aspects of the urban landscape that have
been shown to make an impact on the bird communities had a negative response to
certain socio-economic variables and there being no effect on foraging guilds in
relation to certain irrigation intensities as reported in pre-metering years.
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INTRODUCTION
The urbanization of our natural landscapes has led to many questions
regarding the conservation of fauna in cities around the world. In these cities, a
multi-faceted and multi-scaled landscape-based relationship is formed between
humans and wildlife, making urban areas rich in ecological and sociological
questions. Due to the rapid fragmentation of our natural areas, urban planners and
policy makers must strive for biologically diverse habitats in order to protect the
wildlife species with whom we share our natural resources (Ortega-Álvarez and
MacGregor-Fors 2009). Too often, urban areas are only landscaped for the benefit
of humans and are not ecologically appropriate for the persistence of wildlife
populations, specifically for avian populations (Lerman and Warren 2011). It is
the choices that we make when manipulating our landscape that have lasting
impacts on the animals of these areas.
In order to determine conservation strategies and ways to improve the
biodiversity of urban areas, ecologists must look to reconciliation ecology.
Reconciliation ecology is a field of study that strives to modify human-dominated
landscapes for the encouragement of long-term biodiversity (Rosenzweig 2003).
By addressing areas of fragmented and invasive habitat, we can lessen the
negative impacts of anthropogenic effects on the abundance and diversity of avian
communities within our cities (Rosenzweig 2003). Traditionally, ecologists would
only study avifauna in areas of natural habitat, whereas now, human-dominated
ecosystems must be examined to make city life suitable for humans and wildlife
(Rosenzweig 2003). As the worldwide human population and the percentage of the
Earth’s urban surface steadily increases, we must include these urban systems in
our constant pursuit of the greater body of scientific knowledge.
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Similar to natural landscapes, urbanized areas experience environmental
disasters, but these are mitigated through anthropogenic influences. For instance,
in the western part of the United States, California has been experiencing its most
severe drought in the last 5 years (U.S. Geological Survey 2016). This drought has
drastically reduced the water available within the state, making water conservation
a high priority. After these disturbances and the response of humans, it is crucial to
know how the state’s wildlife populations will fare while taking into consideration
the state and/or federal policies on the reduction of water usage. To account for
these disturbance regimes and institutional factors, reconciliation ecology
recognizes this interconnected relationship that has formed between the humans
and the urban biota of a city (Katti et al. 2009).
The cities that have been impacted the most by the drought include those
within the central and southern parts of California. In particular, in 2013 the cities
of Fresno and Clovis instituted policy changes to reduce the amount of water
residents use by installing a meter at each building. Within these cities,
opportunity exists for researching how the birds in urban environments cope with
certain environmental and sociological pressures, such as the change in water
availability. In response to metering, residents have changed their landscaping
practices to reduce their water consumption. Therefore, residential areas like
Fresno and Clovis become ideal for studying the effects of different household
landscape practices on the overall biodiversity of a city. However, landscape and
irrigation practices are decided by the homeowner, which can dictate the species
and density of vegetation within a given yard or residential area along with other
variables (Hilaire et al. 2008). With the reduction of water availability in the
Central Valley of California, it is crucial that we identify the environmental and
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sociological importance of different water-related variables for the bird abundance
and diversity of this area.
Specifically, Schleder (2010) found that the amount of irrigation paired
with percent poverty and mean grass height was the strongest predictor of bird
species richness in the residential landscape within a multivariate model analysis
within the Fresno Clovis Metropolitan Area. Schleder also found that irrigation
intensity and vegetation cover increased in areas of high economic status,
supporting a high amount of bird diversity, a phenomenon known as the “luxury
effect.” Since 2010, multiple changes with respect to irrigation have occurred in
the Central Valley’s landscape. The extent of these changes will determine how
extreme an effect residential landscaping and a multi-year drought has had on the
bird population of the city, specifically the bird species richness, species guild
richness, and bird abundance.
Using a socio-ecological framework and multivariate analyses, this project
examined how the reduction of residential irrigation has affected the bird
community structure within the Fresno and Clovis Metropolitan Area (FCMA)
through a pre- (2008) and post- (2015) metering comparison.
California’s Drought
Since the time of the California Gold Rush in 1848, water has been a
significant resource and a symbol of vitality to many residents. In California’s arid
climate, droughts are a regular occurrence within the Central Valley and the most
intense droughts have historically occurred every 5 to 10 years (Hanak 2011).
However, records since the late 1800s have indicated that the last 5 years have
been the driest ever measured and this has adversely impacted the groundwater
supply and the amount of snowpack in the Sierra Nevada (Hanak et al. 2015, U.S.
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Geological Survey 2016). Such impacts have forced residents to re-evaluate how
much water they use on a daily basis.
Prior to this current drought and for the future of the state’s water sources,
many concerns have been addressed for the conservation of water and the negative
impact it has had on the land, residents, and the wildlife (Hanak 2011). Within the
last decade, local and governmental agencies within California have implemented
multiple policies and have offered programs for residents in the hopes to conserve
this vital resource. It is with these polices in mind that residents have reduced their
water usage, with landscaping being most of the urban water used by residents
(Hanak 2011).
On January 17, 2014, Governor Brown declared California to be in a state
of emergency and called for officials to take necessary action to prepare for water
shortages for the future due to the severe drought that the state was in (State of
California 2014). Following the first executive order and for the first time in the
state’s history, on April 1, 2015 Governor Brown announced that California towns
and cities must reduce their water usage by 25%, or approximately 1.5 million
acre-feet of water (State of California 2015). In response to this order, multiple
actions were taken by Californians to reduce their water usage. Residents were
able to reduce their water use by 23.9%. Later, on May 9, 2016, an order was
announced for continued water savings (State of California 2016).
Like many cities within California, the City of Fresno has implemented its
own policies along with the Governor’s declaration, for a decrease of 25% of
water in the city’s Urban Water Management Plan. In 2011, the City planned for a
metered pricing system for resident’s consumption of water. This metered pricing
was then enforced in 2013 (City of Fresno 2015). Along with regulating water
consumption through a metered system, residents have been put on a strict
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schedule for lawn irrigation activities, irrigating twice a week during the summer
and once a week during the winter (City of Fresno 2015). Prior to 2013, Fresno
water was distributed to residents by a flat rate system without a limit of usage,
unlike the Clovis residents who have had their water metered since 1910.
Although the state’s water supply is still at a record low, management tools
have significantly helped reduce the average daily water usage per household over
the last 5 years. Fresno residents have decreased their water use from 329 gallons
per person per day to 240 gallons per person per day (City of Fresno 2015).
Currently, the City of Fresno Water Conservation Program water reduction
measures include city programs like Recharge Fresno, rebate programs for
residents and businesses, water-wise landscape consultations, and outlets of public
outreach to ensure continued water reduction (City of Fresno 2016). Given these
conservation efforts and with severe drought conditions still persisting, it is
important that there is equal effort put into managing our landscapes for the good
of humans and wildlife.
Socio-Ecological Framework
When studying avian communities within an urban ecosystem, ecologists
must take a multi-disciplinary approach to understand all the complex ways the
characteristics of a city affect populations of animals (Ortega-Álvarez and
MacGregor-Fors 2009, Cook et al. 2011). Grimm et al. (2000) stressed that there
are multiple challenges ecologists face in cities, which include extreme
heterogeneity, and the importance of social as well as ecological approaches and
concepts. A multi-scaled method applies not only to the bird community dynamics
like bird diversity of the FCMA but to the socio-economics (e.g., property value,
median income, and age of a neighborhood) and the habitat features of the city. It
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is also important to acknowledge that institutional policies are a significant portion
of confounding variables within this framework (Katti et al. 2009). These
relationships between urban avifaunal metrics and anthropogenic influences on
habitat can be explained by examining a model created by the Urban Long-Term
Research Area-Fresno and Clovis Ecological Study (ULTRA-FACES) (Fig. 1)
(Katti et al. 2009). Specifically, this model gives insight into the relationships
between socioeconomic/political factors, disturbance regimes, and ecological
factors that play a key role in urban ecosystems (Katti et al. 2009).

Fig. 1. ULTRA-FACES Socio-ecological framework (Katti et al. 2009).

7
In this model, external drivers act on socioeconomic/political factors,
disturbance regimes, and ecological factors. Socio-economic factors are broken
into two groups, institutional and individual, which affect disturbance regimes
(i.e., water use and availability) and negatively or positively affect ecological
factors such as biotic structure and ecosystem functions (Katti et al. 2009). This
study uses a smaller scale multivariate model perspective to statistically and
graphically interpret results from data collection for each specific objective. This
multivariate model allows us to take what is already known to test other
relationships within the urban landscape and test hypotheses within the FCMA
study area.
ULTRA-FACES
In addition to using reconciliation ecology to study our urban ecosystems,
Long Term Ecological Research (LTER) sites funded by the National Science
Foundation and the U.S. Forest Service have been established in several United
States urban areas to study environmental issues within human-dominated
landscapes (Grimm et al. 2000, Grimm and Redman 2004). Similar to ULTRAFACES, the LTER cities allow researchers to study the relationships between
social and ecological variables that play a role in forming the wildlife populations
of each city. The rapid movement of urbanization makes these long-term studies
essential for raising mindfulness of residents and local stakeholders whose actions
directly affect the landscape and for understanding how cities work ecologically to
manage for a better quality of life for humans and other animals (Grimm et al.
2000).
In the Central Valley of California, ULTRA-FACES has become a prime
example for studying the cities of Fresno and Clovis by specifically focusing on
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the diversity and behavior of birds in relation to landscape structure (i.e.,
greenscapes and wetscapes), noise, water use, human perceptions of conservation,
property value, and statewide policies over the past 8 years. This long-term and
socio-ecological framework allows us to find important relationships and key
drivers of bird diversity within our cities that benefit the natural bird population
and the humans of the city.

RATIONALE
Bird Community Dynamics
Birds are environmentally sensitive creatures and their distributions reveal
a lot about the ecological health of an area (De Graaf et al. 1985). Within
urbanization, certain species persist while others retreat to natural habitats
(McKinney 2002). Thus, bird species richness and bird abundance can be
impacted negatively in urban ecosystems. Species richness is the count of different
species of birds there are in an area, while abundance refers to the total number of
individual birds in an area, regardless of the number of different species present.
Within the city, species richness has been shown to decrease from green areas to
commercial areas, whereas there is an increase in bird abundance when moving
toward commercial areas (McKinney 2002) (Ortega-Álvarez and MacGregor-Fors
2009). The composition of native versus exotic bird species has also been shown
to have a similar pattern in that native species are more likely to be present in
undisturbed areas and exotics in areas of increased urban density (Blair 1996).
This is also true for certain guilds of birds, whereas omnivores are abundant in
commercial areas of the city and granivores and insectivores most abundant in
residential areas (Ortega-Álvarez and MacGregor-Fors 2009).
One of the ways birds can be classified is by their foraging guild. Bird
species are classified into foraging guilds by which foods they eat and have similar
life history traits to one another, which allow ecologists to study bird community
structures (De Graaf et al. 1985). The guilds that have been used in this study
include Carnivore (vertebrates), Frugivore (fruit), Granivore (seeds), Herbivore
(plants), Insectivore (insects), Nectarivore (nectar), Piscivore (fish), and Omnivore
(all foods). Since 2008, the Fresno Bird Count has recorded 84 different bird
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species encompassing nine foraging guilds occurring regularly in the FresnoClovis Metropolitan Area (Garcia 2015).
Residential Yard Habitat
Vegetation and ground cover are important variables when examining how
bird communities use urban habitats (Cadenasso et al. 2007). The amount of
vegetation and the type of ground cover determines if a habitat is suitable for a
bird. Ground cover and overstory vegetation act as sites for foraging, breeding,
nesting, or resting while migrating, which can have a profound effect on the
structure of the bird population (Luck et al. 2013). In urban environments, habitat
has often been either fragmented or compromised, reducing the amount of
vegetation for birds (McKinney 2002, Sushinsky et al. 2013). Shrub cover, shrub
height, and herbaceous plant height have been shown to be positively correlated
with the abundance of birds within cities (Ortega-Álvarez and MacGregor-Fors
2009). It was also demonstrated by Luck et al. (2013) that the vegetation in
household gardens, along city streetways, and in urban parks, has a strong
influence on the diversity and species richness of bird communities.
In residential areas, many studies have found that backyards with native
vegetation supported more birds and a higher diversity of birds than in backyards
with invasive or exotic species (Burghardt et al. 2009, Lerman and Warren 2011).
In addition, the production of pollinators and arthropods was found to be the
highest in yards and gardens where there was a diverse variety of native and exotic
flowering vegetation (Salisbury et al. 2015). Vegetation will be a critical variable
for comparing bird abundance and richness of birds between survey sites.
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Residential Irrigation
Within the FCMA and prior to the metering policy in 2013, residential
irrigation has been an important environmental variable in forming the bird
species richness of the city within the ULTRA-FACES model (Schleder 2010). In
the severe state of drought that California is in, irrigation has been one of the first
areas of water reduction. According to Hilaire et al. (2008), United States residents
use an average of 40-70% of their water on landscaping alone. This percentage
holds true with the Central Valley Water Awareness Committee reporting Fresno
and Clovis residents using 70% of their water on irrigation for maintaining their
yards (Central Valley Water Awareness Committee 2015). The intensity of
residential irrigation has been visually measured in all habitat sites for this study in
all front lawns within the site’s survey radius. While conducting these surveys of
irrigation intensity it is clear that the rate and application of watering one’s lawn is
different in each yard, thus making irrigation score dependent on the homeowner’s
attitudes toward water conservation, neighborhood structure, and city policy.
Property Value
Over the last decade, many studies have demonstrated that socio-economic
variables such as household income or population density should be taken into
account when examining the urban ecosystem (Kinzig et al. 2005, Strohbach et al.
Reid 2011). Studies in multiple cities reveal that species diversity often parallels
socioeconomic factors, indicating a strong relationship between birds and the
human-dominated environment in which they live (Strohbach et al. 2009). To
measure the role of socioeconomics in this study, property value was used as a
measure of socioeconomic status. When a home is appraised, many things are
taken into account (surrounding houses, location, property taxes, etc.), which
make up the final property value (Zillow® 2015). Therefore, property value is a
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reliable way of estimating the overall socio-economic status of neighborhoods,
which helps to evaluate biodiversity in multiple parts of a city. To measure the
property value, a Zestimate® score will be obtained from the web-based company,
Zillow (Zillow® 2015).
The “Luxury Effect”
In all ecological studies within the urban ecosystem, it is established that
socioeconomic variables remain a critical component in explaining the variation of
the biodiversity in these ecosystems. As stated above, property value is a
socioeconomic variable that has importance within this urban context and is
characteristic in forming the urban landscape (Hope et al. 2003, 2006, Reid 2011,
Garcia 2015). The “luxury effect” is a term that has been coined by urban
ecologists to describe the relationship between the wealth and the biodiversity of
that particular area (Hope et al. 2003).
This paradigm is demonstrated by Hope et al. (2003) where plant diversity
was positively correlated to areas of higher median income, therefore, causing a
pattern of plant diversity throughout the Central Arizona-Phoenix long-term
ecological research area. Specifically, plant diversity at the sites in neighborhoods
above the median income had on average twice the amount of plant diversity than
neighborhoods that were in less wealthy areas (Hope et al. 2003). This was also
true when looking at the bird species of this area within different income area
parks. For example, Kingzig (2005) found that there was more avian species in
areas with high-income parks and less avian species found in areas around lowincome parks. A similar pattern is also shown within the FCMA. Reid (2011) had
determined that the “luxury effect” was present amongst the tree species richness,
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tree density, and tree canopy cover using the Zestimate® as the level of wealth
increased.
Although the “luxury effect” has proven to explain the landscape level
effect of socioeconomic variables in previous studies, more recently Garcia (2015)
found the opposite is true for birds in the FCMA years after Reid (2011). Unlike
expected, bird species richness and abundance was not positively correlated with
property value in 2013 and 2014 (Garcia, 2015). This result has indicated that
factors in the socio-ecological framework of the ULTRA-FACES model (Fig. 1)
has had an alteration possibly due to the change in its disturbance regime (i.e.,
drought). It can be speculated that the metering policy in 2013 and the landscaping
practices would create this opposition of the “luxury effect” in the FCMA (Garcia
2015). It is with this study that we can understand how the ongoing drought and
strict water policies can be teased apart to determine if the “luxury effect” still
holds true within the FCMA.
Citizen Science
Citizen science has become a useful avenue for people in their community
to participate in important research. Leading ornithological organizations, such as
the Cornell Lab of Ornithology and the Smithsonian Migratory Bird Center, have
been using volunteers to conduct an array of scientific research (Cohn 2008).
Many of these organizations that recruit citizens seek to gain public awareness of
environmental issues and to allow volunteers to see the outcomes of the science
that they do (Cohn 2008).
The benefit of citizen science to the researcher is that a vast amount of data
can be collected by citizen scientists over a wide span of time and distance, at a
relatively low price (Cohn 2008). Long term monitoring data can also be collected
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by all participants involved in the project. In the case of this study, volunteers have
been conducting annual bird censuses throughout the Fresno-Clovis Metropolitan
Area since 2008 with the citizen science project, the Fresno Bird Count (FBC).
Fresno Bird Count
In order get a complete census and long-term monitoring of the avian
population in the FCMA, the Fresno Bird Count (FBC), a citizen science based
project, was founded in 2008 by Dr. Madhusudan Katti and Bradley Schleder in
conjunction with the goals of the ULTRA-FACES. Similar in structure and
protocols, the FBC is based on the Tucson Bird Count in Arizona, in which bird
data are collected twice a year by volunteers (Turner 2003). The FBC has been
conducted during the winter migration season, since 2010, (December 15thJanuary 31st) and the spring migration and breeding season (April 15th-May
15th), either of which volunteers can choose to be involved in (Schleder 2010).
Each participant is assigned at least one route to survey, which consists of eight
bird count sites. The FCMA consists of 58 routes that total 460 survey sites.
The Fresno Bird Count, like many other citizen science programs, has a
diverse volunteer group and strives to engage the local community in its mission
to conserve the birds of the Central Valley (Schleder 2010). To be a part of this
project, volunteers are required to identify all birds of the Central Valley of
California by sight and sound while being able to use a field guide to identify rare
species. In addition, a training session is mandatory for all new and returning
volunteers to ensure field protocols are followed properly and data are collected
accurately on the FBC datasheet (Appendix A). All individuals are given
corresponding site maps and bird count methodology to use during the season and
when scouting out site locations.
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Research Objectives and Hypotheses
Since earlier research done by Schleder (2010) and Reid (2011), much of
the FCMA ecosystem has been exposed to harsher weather patterns and residents
have been confronted with new laws and policies impinging upon their water use.
From this prior work, we are aware of how the habitat and socioeconomic
variables within the ULTRA-FACES model have had an effect on the bird species
richness, bird abundance, and guild richness within the FCMA. Since the initial
data collection of bird community and habitat variables in 2008 from Schleder
(2010), it can be hypothesized that these dependent bird community variables have
been negatively affected due to the ongoing drought and city water restrictions,
collectively referred to as an “effective drought,” that the FCMA has been
experiencing.
The following objectives and hypotheses have been established to
understand if the relationships among the variables within the ULTRA-FACES
framework have changed over the last 8 years with the introduction of water
meters in the City of Fresno in 2013. A pre- (2008) and post- (2015) metering
comparative approach has been used to conclude if changes in habitat and/or
socioeconomic variables have altered the bird community. The overarching goal is
to understand changing relationships between these variables and avian abundance
and avian species richness in California’s Central Valley.
Objectives
Objective 1: Determine if there has been a change in bird species richness,
abundance, and guild richness from survey year 2008 (pre-metering) to survey
year 2015 (post-metering).
Hypothesis 1: Bird species richness, abundance, and guild richness has
decreased from pre-metering to post-metering years.
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Objective 2: Determine if there has been a change in the habitat variables
that predict bird abundance and bird species richness from 2008 to 2015.
Hypothesis 2: Habitat variables at each survey site will be reduced from
pre- to post-metering years.
Objective 3: Determine if bird foraging guilds respond to different levels
of irrigation intensity after metering.
Hypothesis 3: The presence of insectivores will be the highest in sites with
a high mode of irrigation intensity and lowest in sites with a low mode of
irrigation intensity.

METHODOLOGY
Study Site
The cities of Fresno and Clovis consist of a variety of different habitats in
addition to having a variety of cultural and socioeconomic assemblages of people.
In such a diverse area, landscapes tend to change from one house to the next,
which presents itself as a unique opportunity for ecological and sociological
questions to be answered in an urban ecological context. This study consists of
sites within the FCMA which spans over a total of 135.58 square miles and in
2015 was estimated to have a population total of 624,232 people (U.S. Census
Bureau 2015). The City of Fresno has 520,052 total people and the City of Clovis
has 101,180 total people (U.S. Census Bureau 2015).
Within Fresno County the FCMA is located in California’s Central Valley,
surrounded by the Sierra Nevada (Fresno County, 2015). An important feature of
the FCMA is that part of the San Joaquin River lies above the northern border of
the FCMA until the river reaches Millerton Lake. Being in an arid climate, the
Central Valley does not experience an abundance of rainfall and is exposed to high
temperatures in the summer season (The Weather Company© 2016) (Table 1).
Table 1: Average rainfall in Fresno, California (The Weather Company© 2016).
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Site Selection
This study focused on the avian survey points that have been established for
the FBC within the Fresno-Clovis Metropolitan Area (Schleder 2010). There are a
total of 460 sites that are grouped into 58 routes consisting of 8 points each in
which a fixed-radius point count survey is conducted. Sites were chosen by
stratified random sampling and based on median income levels using 2010 Census
data (Schleder 2010, Reid 2011, Garcia 2015). In addition, a 23km by 20km grid
was placed over the FCMA in which each square kilometer contained one
randomly generated survey site (Schleder 2010, Garcia 2015). From the 460 total
sites, this study used the 38 habitat sites (Fig.2) within the FBC that have been
previously established by Schleder (2010) to study the ecological and socioeconomic relationships among bird and irrigation intensity within the FCMA.
These sites followed the FBC framework and encompassed only residential areas
within the FBC area that are surveyed in the summer from July to August and that
have been surveyed for two consecutive seasons, 2015-2016. Each habitat
assessment also doubled as an avian point count survey to answer questions
related to residential yard features to bird community structure.
Bird Surveys
At each site, a survey took place to determine bird abundance and species
richness by using the fixed-radius point count protocol established by Schleder
(2010) for the FBC. City-wide surveys have been conducted during the spring
migration and breeding season (April 15-May 15). To conduct point counts, an
observer stood at a site’s given latitude and longitude location using a GPS device.
The observer counted birds within a five-minute time frame from a half hour
before sunrise to four hours after sunrise, the time when birds are most active (Van
Heezik and Seddon 2012). During that time, all the birds that were seen or heard
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Fig. 2. Map showing the habitat sites (shown here as blue dots) surveyed in both
pre- and post-metering years.
within the 5-min period, and within a 40-meter radius circle around the observer
was recorded on a FBC data sheet (Appendix A). An individual bird could not be
recorded twice, nor birds that were flying over the tree line in the 40 meter plot.
This ensured only those birds using the habitat were counted and kept the data as
precise and unbiased as possible.
The fixed-radius point count method works well for urban environments
because other surveys, such as transect counts, require a straight line for sampling
with no barriers in the way (Rosenstock et al. 2002, Van Heezik et al. 2012). Point
counts that are fixed are more practical in cities with many inaccessible barriers in
the way (Rosenstock et al. 2002). However, conducting these surveys within the
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city also has certain limitations. Depending on the noise intensity of the site
location, noise will limit how many birds can be detected by the observer (Van
Heezik et al. 2012). There are also visual barriers such as tall buildings and fences
that will block birds from being seen (Turner 2003). The data collected during a
point count survey depend on the observer’s skill level, weather, time, noise level,
and any other unexpected events that may happen. In order to avoid discrepancies,
it is important to be consistent in protocols and data collection in which annual
training for FBC volunteers is required before each field season starts.
Habitat Assessments
Residential areas (Fig. 2) within the FCMA were established by Bradley
Schleder in 2008 to identify what the habitat for the population of birds consists of
in this area and to determine which vegetative feature has the greatest effect on
avian community structure. A total of 38 habitat assessments were done for two
summer seasons (August 2015 and August/September 2016) within the socioeconomic gradient and each were located at a FBC bird count site which
encompasses the large landscape scale of the FCMA (Schleder 2010).
The protocols for measuring these habitat variables remained the same
since the first pre-metering habitat assessment done in 2008, making sure to be
consistent in the field methods (Schleder 2010). At each site, canopy cover, the
percentage of multiple ground cover types, the number of trees and shrubs, and the
height of grass, height of shrubs above 1 meter, and height of trees were measured
and recorded on the habitat assessment datasheet (Appendix B) for data analysis.
The specific habitat variables measured at each site and its description follow.
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Canopy Cover
Canopy cover is the area of the ground cover by a vertical projection of the
canopy (Jennings et al. 1999). This variable will be measured by using a
densiometer at four points located at 5 meters from the center of the plot at 45
degree angles between all cardinal directions. The mean of these four points have
been used for data analyses.
Ground Cover
Ground cover includes the amount of grass, impervious surface, bare
dirt/mulch, buildings, gravel, and other cover that is in a given area of each point.
Percentages of each cover type have been estimated within the 20-meter radius of
the fixed point.
Abundance and Height of Grass,
Shrubs, and Trees
The number of trees and shrubs above a meter tall was recorded within the
fixed radius. The height of each tree and shrub was recorded with a clinometer and
measured in the unit meters. All trees and shrubs that were below a meter tall were
included in the final analyses as well.
Irrigation Intensity
To measure irrigation at each site and backyard, an index (Fig. 3) for
irrigation intensity was established by Schleder (2010). Irrigation intensity was
visually examined and estimated by using a scale from 0-3 and has been
determined for each yard that fell within the 20 meter radius for habitat
assessments. The scale is as followed: 0 is no irrigation, 1 is very little irrigation, 2
is sporadic irrigation, and 3 are well irrigated. Each residential lot or yard within
the survey site has been assigned an irrigation intensity score and the grass height
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(cm) measured. The mode score for each site will be used for hypothesis testing
and statistical analysis.

Fig. 3. Example of irrigation intensity classification for residential yards (Schleder
2010)
Socioeconomics
Property Value
Property value has been taken from an interactive real estate website,
www.zillow.com, by using the Zestimate® score. This score estimates the value of
the house from the time it was built until present. This method has been utilized
and recommended by Reid (2011) where the Zestimate® was used to obtain a
mean property value for each house within the site or surrounding the site. The
scores are calculated by using a proprietary formula in combination with public
and user submitted data (Reid 2011, Garcia 2015). In addition, the Zestimate®
includes current market conditions and the location of the home. Each study site
had an average mean property value and was used as a comparison between preand post-metering of water in the statistical analysis for hypothesis testing.
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Data Analyses
The first analysis that was done was to find variation between the
dependent variables between pre- and post-metering years. To do this, a single
factor analysis of variance (ANOVA) was conducted on bird species richness and
bird abundance for 2008 and 2015. A single factor ANOVA allowed for a
comparison of means between groups (years) determining if there is any statistical
significance between the means (Quinn and Keough 2002). For objective 1, a
paired t-test was used to determine the differences between the two sample means
to determine a before and after observations on the same survey sites. The
remaining objectives used a more complex multivariate methodology that has been
used to complete the analysis on the relationship between all independent and
dependent variables.
Like most ecological systems, the urban landscape is complex and the
patterns we observe in these ecosystems are determined by many interacting
ecological processes that vary between time and space (McGarigal et al. 2010).
Multivariate analyses provide ways to explore these complex datasets to explain
the relationships and correlations between multiple variables (McGarigal et al.
2010). A stepwise discriminant function analysis has been used to distinguish the
habitat variables between pre- and post-metering years. This analysis is used as a
classification tool when observations from different groups and multiple response
variables are recorded at each site (Quinn and Keough 2002). From these response
variables, sites are assigned to pre-determined groups in which differences
between pre- and post-metering years can be analyzed step-by-step. The
observations and means of each group are represented in a canonical plot, in which
relationships between groups and treatments can be observed and the proportion of
the total variance is explained (Quinn and Keough 2002). The output matrix and
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canonical correlations provides the important variables that contribute to the
discrimination between groups or in this case, between years (Quinn and Keough
2002). To establish correlations amongst individual variables that remain
important for the bird community from the stepwise discriminant function
analysis, a one way ANOVA and/or bivariate fit is employed. Objective 3 also
used a discriminant function analysis, however not stepwise. The discriminant
analysis will determine if bird foraging guilds are predicted by the irrigation
intensity at each site.
All statistical analyses were completed using JMP 12.1 software and IBM
SPSS Statistics 24 following sequences outlined in a flowchart (Fig. 4).
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Fig. 4. Flowchart showing the data analyses conducted for each objective

RESULTS
Final Site Selection
Of the 38 residential habitat sites previously surveyed by Schleder (2010)
in 2008, two survey sites have been excluded from the analyses due to inconsistent
sampling methods at both of those sites in 2015. These sites include J06 (Latitude
36.838020; Longitude -119.818120) and K14 (Latitude 36.770110; Longitude
-119.798460). The remaining 36 sites were used in the following analyses for
hypothesis testing and for interpreting final results. In addition, post-habitat
sampling that was completed in 2016 has been removed from the final dataset
because of seasonality differences between 2008 and 2015 habitat survey data.
The final data selected for testing included FBC avian point data and habitat data
from 2008 (pre-metering) and 2015 (post-metering) for the 36 residential habitat
sites within the FCMA boundary.
Assessment of the Bird Community
A one-way analysis of variance was conducted to determine if time had an
effect on each of the 2 dependent variables; bird abundance and bird species
richness. These analyses determined that from pre-metering (2008) to postmetering (2015), the number of birds and species within the survey sites has
reduced. The analysis of variance showed that the effect of time on the bird
abundance of a survey site was significant, (R2 = 0.078252, F (1,74) = 6.2822, p =
0.0072) (Fig. 5). The average number of birds observed at each site in 2008 was
19, whereas in 2015, 13 birds were observed. Bird species richness between these
years had similar results and the analysis of variance showed that the effect of time
on the bird species richness was significant, (R2 = 0.122983, F (1,74) =10.3769, p =
0.0009) (Fig. 6). The average number of bird species observed at each survey site
in 2008 was 6 and in 2015, 4 bird species.
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Fig. 5. Box plot showing the change in bird abundance from 2008 to 2015.

Fig. 6. Box plot showing the change in bird species richness from 2008-2015.
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Comparative Analysis of Bird
Community Data from Pre- to
Post-Metering
A paired t-test was used to determine the differences between the
population means of pre- and post-metering years of the dependent variables in
this study. There was a significant decrease in the number of birds observed after
metering 2015 than before the metering in 2008 (t= -2.37392, p=0.0116). The
analyses showed that many of the sites had a decrease in bird abundance from
2008 to 2015 (Fig. 7). In addition, bird species richness had a significant decrease
in the number of species of birds observed before and after metering (t= -3.09714,
p=0.0019) (Fig. 8). Guild richness was also analyzed in which there was no
significance in guild richness before and after metering (t= -0.46625, p= 0.3220)
(Fig. 9). A list of all foraging guilds and species observed within the 36 study sites
can be seen in Appendix C.

Fig. 7. Bar graph showing the differences in bird abundance at each site from premetering (2008) to post-metering (2015).
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Fig. 8. Bar graph showing the differences in bird species richness at each site from
pre-metering (2008) to post-metering (2015).

Fig. 9. Bar graph showing the differences in guild richness at each site from premetering (2008) to post-metering (2015). The areas with no bars received no
change in guild richness.
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Classification of Habitat Variables
To establish if the habitats that were surveyed pre- and post-metering
differed in their features, a stepwise discriminant analysis was conducted to
compare the sites pre-metering to post-metering years. Prior to data analysis, the zscores of each variable were calculated to standardize all of these data. To measure
each independent variable potential before the discriminant analysis was
performed, a test of equality of group means (Table 2) was produced. The output
generated a one-way ANOVA for the independent variable. The variables that had
a significant value of less than 0.10 and a small Wilk’s Lambda value contributed
to the discriminant function model (Quinn and Keough 2002). In this table,
percent bare dirt/mulch, mode of irrigation, sum of trees, percent of open canopy
cover, and percent of grass were significant variables within the discriminant
model.
Table 2: A stepwise discriminant function analysis tests of groups means for all
independent variables.
Tests of Equality of Group Means
Wilks'
F
df1
Lambda

df2

Sig.

% Grass

.898

7.985

1

70

.006

% Building
% Impervious
% Bare dirt/Mulch

1.000
.995
.791

.033
.342
18.528

1
1
1

70
70
70

.857
.561
.000

% Gravel
% Open Canopy
Mean grass height
Sum of Shrubs

1.000
.881
.983
1.000

.018
9.484
1.217
.023

1
1
1
1

70
70
70
70

.895
.003
.274
.880

Sum of Trees
Mean tree height (m)
Mean Property Value

.873
.919
.997

10.180
6.208
.197

1
1
1

70
70
70

.002
.015
.659

Mode of Irrigation
(0-3)

.680

32.950

1

70

.000
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In the summary table of canonical discriminant functions (Table 3), it is
shown that 64.3% of the variance has been explained within this model from the
eigenvalue. The eigenvalue is a measurement of how much of the total within
group variance in the independent variables is explained (Quinn and Keough
2002). The canonical correlation also indicates that the two groups discriminate
well from one another, being at .626.
Table 3: Output of the canonical discriminant function
Eigenvalues
Function
1

Eigenvalue
.643

% of Variance
100.0

Canonical
Cumulative % Correlation
100.0
.626

From Table 4, the Wilks’ Lambda test determines which variables
contribute significantly to the discriminate function (Quinn and Keough 2002). In
the analysis the Wilks’ Lambda is 0.609, which indicates how the variables
contribute to each discriminant function. The closer to zero the score is the more
variables that are significant. Group membership can also be explained here with
the significance value being less than 0.05.
Table 4: Output for Wilks’ Lambda and Chi-Square test
Wilks' Lambda
Test of
Function(s)
Wilks' Lambda
Chi-square
1
.609
34.276

df
2

Sig.
.000

To determine which independent variables or predictor variables are
important in discriminating between the 2 years, 2008 (pre-metering) and 2015
(post-metering), the structure matrix table (Table 5) correlations have been used.
All those correlation values that are larger than 0.3 or more are considered to be
important (UCLA: Institute for Digital Research and Education 2016). From Table
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5, it is shown that the mode of irrigation and percent open canopy are the most
important when discriminating between years. This indicates that the reduction of
bird species richness and bird abundance from pre- to post-metering can be
explained by the mode of irrigation and the percentage of open canopy cover from
trees.
Table 5: Structure Matrix of discriminating independent variables
Structure Matrix
Function
1
Mode of Irrigation
.855
Percent of Open
Canopy
Percent of Bare
dirt/Mulch
Sum of Trees
Percent of Grass
Mean tree height (m)
Mean Property Value
Percent of Impervious
Surface
Sum of Shrubs
Percent of Building
Percent of Gravel
Mean grass height

.459
-.398
-.321
.237
-.164
.091
.072
.065
.056
.007
.005

Response to Irrigation Intensity
Prior to the installation of water meters, Schleder (2010) found that
irrigation intensity was a good indicator of bird species richness. Through the
stepwise discriminant analysis, mode of irrigation intensity was shown to be an
important variable that classified pre- and post-metering years and hence a
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possible variable for predicting the dependent variables in this study. A one-way
ANOVA revealed that the mode of irrigation intensity had a higher significance on
bird species (R2 = 0.120712, F (3,32) = 1.4644, p =0.2427) (Fig. 10) rather than bird
abundance (R2 = 0.0.045656, F (3,32) = 0.0.5103, p =0.6780) (Fig. 11).

Fig. 10. Biplot showing one-way ANOVA of the mode of irrigation intensity on
bird species richness in 2015.
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Fig. 11. Biplot showing one-way ANOVA of the mode of irrigation intensity on
bird abundance in 2015.
Response to Property Value
Multiple studies have found that socio-economic variables are important in
determining the relationship among organisms in the urban context. Property value
is a variable that give insight into how birds and/or vegetation are distributed in a
city. Historically, the FCMA has followed the “luxury effect” principle in bird and
tree diversity (Schleder 2010, Reid 2011). To test if this principle holds true today,
a bivariate regression was done on the dependent variables of this study and the
mean property value. It was shown that there is little significance as to bird
abundance (R2 = 0.027911, F (1,34) = 0.9762, p =0.3301) (Fig. 12) and bird species
richness (R2 = 0.044709, F (1,34) = 1.5913, p =0.2157) (Fig. 13) as having a strong
correlation with property value in 2015.
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Fig. 12. Bivariate regression plot showing the relationship between bird
abundance and mean property value in 2015.

Fig. 13. Bivariate regression plot showing the relationship between bird species
richness and mean property value in 2015.
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Bird Foraging Guild Patterns
From the stepwise discriminant analysis performed for the second
objective, it was found that the mode of irrigation is an important predictor in
defining the differences in independent and dependent variables from pre-metering
and post-metering. In order to determine if the foraging guild composition can be
classified by a site’s mode of irrigation as Schleder 2010 found in 2008 for
insectivores, a discriminate analysis was conducted in SPSS 24 and JMP 12 for
objective 3 with post-metering 2015 data.
The first output of this analysis is a canonical discriminant function table
(Table 6) that shows the percentage of variance that has been explained within this
model from the eigenvalue between each irrigation score. It shows that function 1
had 35.3%, function 2 had 20.6%, and function 3 had 3.4%. The Wilks’ Lambda
scores explains the amount that each variable contributes to each discriminate
function, however, in this analysis the significance of group membership is not
less than 0.5 (Table 7). This indicates that the majority of foraging guild
membership is not predicted from the mode of irrigation as hypothesized in
objective 3.
Table 6: Canonical correlations and eigenvalues explain the variance between
each function
Eigenvalues
Canonical
Function Eigenvalue % of Variance Cumulative % Correlation
1
.353
59.5
59.5
.511
2
.206
34.7
94.3
.413
3
.034
5.7
100.0
.182
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Table 7: Wilks’ Lambda and significance of group membership
Wilks' Lambda
Test of
Function(s)
1 through 3
2 through 3

Wilks' Lambda
.593
.802

Chi-square
15.680
6.621

df
18
10

Sig.
.615
.761

.967

1.005

4

.909

3

As indicated by the structure matrix (Table 8), the discriminate function
analysis determined correlations between foraging guild and mode of irrigation
within the discriminant function for Omnivores, Granivores, Insectivores, and
Necativores. It also specifies how well each independent variable contributes to
each function. In which case, Omnivores are the most important when
discriminating between years, then Granivores and Insectivores in the second
function.
Table 8: Structure matrix for determining important variables between each
discriminate function
Structure Matrix
Function
1
2
3
-.334
-.045
Omnivore
.771
Piscivore
-.370
-.048
-.364
.105
-.111
Granivore
.529
-.124
-.008
Insectivore
.495
Carnivore

.297

-.032

-.678

In JMP 12 statistical software, a canonical plot of discriminant functions,
Figure 14 shows the separation amongst the groups and how each observation is
represented in relation to the canonical variables and how each covariate
contributes to these canonical variables (SAS Institute Inc. 2016). The points on
this scatterplot represent each observation and the means of each group are
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represented by the plus symbol within the ellipse (SAS Institute Inc. 2016). The
ellipses that are around each mean are the indicators of a 95% confidence level,
intersecting ellipses tend to indicate that the groups do not differ significantly,
(Fig. 14) (SAS Institute Inc. 2016). The rays on this plot symbolize the covariates
and the direction indicates the degree of association with the canonical variables
(SAS Institute Inc. 2016). In Figure 14, it is revealed that the mode of irrigation
intensity at each site does not clearly predict group membership for bird foraging
guilds of the FCMA.

Fig. 14. Canonical plot displaying the relationship of bird foraging guilds and the
mode of irrigation of each survey site.

DISCUSSION
Drought is a fundamental feature of the American Southwest and with the
Earth’s surface temperature increasing every year, it is critical that water reduction
is of utmost concern (Griffin and Anchukaitis 2014). As California continues to
persist in a state of severe drought, residents of the FCMA are slowly making
changes to reduce their water usage and to be conscious of how this resource is
utilized. Since the advent of water metering in 2013 and the Governor’s
declaration of California’s state of emergency in 2014, many homeowners around
the FCMA have either stopped or reduced irrigation. Others have also started to
transition their yards into a water wise, or drought tolerant system.
While the City of Fresno and the City of Clovis have made adjustments to
its landscape, both municipal and commercial landscapes along with residents
making residential changes, it is key to determine how to plan for a biologically
sustainable city. In doing so, ecologists look to avian populations to establish how
an area can be improved to provide the human population with opportunities of
recreation, sustainability, and a sense of nature and place (Kowarik 2011). It is
with this study that a comparison of a pre-metering landscape to a post-metering
landscape is addressed in relation to the avian population of the FCMA.
Three primary questions were addressed through this study to determine if
the reduction of water and the installation of water meters in residential areas have
affected the bird population of the FCMA from before metering (2008) to after
metering (2015). First, has there been a change in the bird population from pre- to
post-metering years? Second, have the habitat variables that predict bird
abundance and bird species richness remain the same or have they changed?
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Lastly, do different bird foraging guilds respond to different levels of irrigation
intensity?
Assessment of the Bird Community
It is clear that with climate change and rapid urbanization, the avifauna of
our cities’ will decrease (Aronson et al. 2014). This is also true for the FCMA
where the reduction of water, climate change, and rapid development is present.
It was hypothesized in objective 1 that the bird abundance, bird species
richness, and guild richness would decrease from pre-metering to post-metering.
Based on the first analysis, a one-way ANOVA and a paired t-test, it was
concluded that there was a significant decrease of bird abundance and bird species
richness between pre-metering (2008) and post-metering (2015) years (Figs. 5-6,
pp. 27-28). However, bird guild richness did not display a significant decrease
between these years. The average number of birds observed at each survey site
from 2008 to 2015 decreased by 6 birds and bird species observed decreased by 1
per survey site.
This decrease in bird abundance and bird species richness can be a result of
multiple ecological mechanisms and aspects of the urban landscape, some of
which have been mentioned above. Through recent studies around the world, the
reduction of water and severe drought conditions have proven to affect the bird
species in south-eastern Australia (Selwood et al. 2015). This study done by
Selwood et al. (2015) determined that such a severe 13-year drought in the
floodplain forests of Australia decreased the number of species normally found in
the area studied by half. Although this is an extreme example and on a larger
scale, the persistence of this extreme drought could overtime reduce the amount of
birds and species seen in the FCMA. Another study also indicated that drought
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over long spans of time (more than a decade) had a sizable negative effect on the
community composition of bird populations (Albright et al. 2010). It is also
possible that birds have a delay in breeding productivity due to a reduction in
rainfall in the spring and summer, as shown in a southeastern California and
western Arizona drought study from 2004-2009 (McCreedy and Charles van Riper
2015). This study specifically found that nest survival and the amount of rainfall
during that season were correlated with one another (McCreedy and Charles van
Riper 2015).
Classification of Habitat Variables
To determine if the habitat at each survey site remained the same or had
changed since pre-metering, a stepwise discriminant function analysis was
performed on all independent variables for each survey year. This analysis
classified each survey site based on year and allowed for the key differences to be
observed between 2008 and 2015. As hypothesized in objective 2, the habitat
variables at each survey site had been reduced from pre- to post-metering years.
This analysis indicated that the mode of irrigation intensity and the percentage of
open canopy cover were the key variables that had decreased from pre- to postmetering. These reductions in water and canopy cover give us insight into the
reduction of bird abundance and bird species richness.
Interestingly, in the study conducted by Schleder (2010) the habitat
variables that predicted avian abundance and bird species richness were the mode
of irrigation intensity, mean grass height, and percent poverty level. It is with the
implementation of water reduction and installation of water meters that such
predicators have now shifted or have no bearing on bird community composition.
Another habitat variable that has been important in multiple ecological studies is
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socio-economic variables such as property value. It has been shown that areas
within the city can predict areas of higher biodiversity based on the area’s
socioeconomic status (Reid 2011). In order words, the “luxury effect” is present in
many cities. This paradigm has been tested in the FCMA in Reid (2011) with tree
diversity in which areas of higher property values had higher tree diversity as well
as in Schleder (2010) with bird foraging guild richness. This study showed some
evidence to the “luxury effect” having an effect on bird species richness but not
bird abundance (Figs. 12 and 13, p. 35). Bird species richness had a general
increase as mean property value increased; however, bird abundance decreased as
mean property value increase. This is partially consistent to what Blair (1996)
found in his study of bird populations in Santa Clara County, California, where
bird abundance is highest in the center of a city, in areas with lower property
values.
Bird Foraging Guild Patterns
In objective 3, it was hypothesized that the mode of irrigation intensity
determines the bird foraging guild that could be observed at a site. This hypothesis
was rejected, as no relationship was found when examining the canonical plot
from the discriminant function analysis output (Fig. 14, p. 38). This could be from
the lack of balance in the irrigation intensity data and the bird foraging guild data.
However, this could also be caused by the reduction in the abundance of birds per
site. As concluded in Schleder (2010) insectivores increased with the mode of
irrigation intensity and with the mean grass height of a survey. Post-metering this
relationship was not shown to be present, therefore accepting the null hypothesis
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Limitations
Although cities like the FCMA are filled with an abundance of ecological
questions to be answered, they are also filled with multiple limitations. Unlike
natural systems, urban ecosystems are filled with buildings, people, and have the
potential to undergo change rather quickly (Grimm et al. 2000). It is plausible that
the characteristics of the city do not lend itself to the prefect location of
conducting bird and habitat surveys due to the amount of heterogeneity at each
site. There could be occasions where birds are within the point count radius but
behind a tall building and do not call or sing to indicate their presence. It is also
possible that habitat surveys could be altered based on when irrigation occurred
last on someone’s front yard or if landscaping had been done temporally recent to
the survey time.
To account for these possible limitations, the 36 survey sites could be
conducted more than once per season for bird community factors and habitat
variables. Since 2008 and 2015 data were only used for this study due to the lack
of habitat sampling effort for the years in between pre- and post-metering, a more
consistent and abundance of data could determine if the reduction in bird
community factors had a steady or rapid decrease. Another addition to the habitat
surveys that could have benefited this study would be in the inclusion of plant
diversity. Multiple studies in urban ecology have determined that plant diversity is
a predictor of increased bird abundance and bird species richness, making areas of
high vegetation cover and diversity an indicator of bird diversity (Blair 1996,
McKinney 2002, Alberti et al. 2004, Chace et al. 2006, Sandström et al. 2006,
Lerman and Warren 2011).
In the pre-metering study of the FCMA done by Schleder (2010) a
multivariate model approach was used to determine what independent variables
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predict the bird species richness of an area. However, in this study the same
multivariate model approach did not yield factors that influenced the bird
community dependent variables. Even though another multivariate technique was
used to distinguish between pre- and post-metering differences in independent
variables, a direct comparison would have made for the results of this study to
align better with the pre-metering study done by Schleder.
Implications and Future Research
With the landscape of the Central Valley of California changing, it is
important that studies such as this continue to give ecologists and urban planners an
understanding of how bird populations respond to disturbance regimes overtime.
From pre-metering in 2008 until post-metering in 2015, a shift has occurred within
the ULTRA-FACES socio-ecological framework (Fig. 1, p. 6). For this study it was
shown that the mode of irrigation intensity is driven by institutional policies and
under individual control, leading to an effective drought and affecting the ecological
factors of the city, bird abundance and bird species richness (Fig. 15). The “luxury
effect” was also not significant in the findings presented here, indicating that
property value is no longer an indicator of biodiversity within the FCMA.

Fig. 15. Socio-ecological model as related to shifts in the bird community
composition post-metering
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Long-term studies, such as the Fresno Bird Count, make it possible to look
at urban ecosystems to determine how disturbances such as drought or other
natural shifts effect the bird population. This study only focused on bird
abundance, bird species richness, and guild richness. Further research is needed to
determine if a particular species could be negatively affected or if the habitat
within the city is acting as a sink population for native species normally found
within riparian areas for instance. It is also appropriate to continue habitat
assessments to get a more consistent data set of the changes in the habitat from
one year to the next in relation to rainfall and other drought conditions. It is clear
from this study, that the drought not only reduces the amount of water people use
but the amount of birds that are present in residential yards. It is apparent that
water is not only a luxury for the human population but for the birds of the FresnoClovis Metropolitan Area.
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Species Code

Common Name

Scientific Name

Foraging
Guild

AMCR
AMGO
AMRO
ANHU
BARS
BHCO
BLPH
BRBL
BUOR
BUTI
CAGU
CANG
CEDW
CHSP
CLSW
COHA
DCCO
EUCD
EUST
GREG
GTGR
HOFI
MALL
MODO
NOMO
OCWA
ROPI
RSHA
SOSP
STJA
TRES
WESJ
WETA

American Crow
American Goldfinch
American Robin
Anna's Hummingbird
Barn Swallow
Brown-headed Cowbird
Black Phoebe
Brewer's Blackbird
Bullock's Oriole
Bushtit
California Gull
Canada Goose
Cedar Waxwing
Chipping Sparrow
Cliff Swallow
Cooper's Hawk
Double-crested Cormorant
Eurasian Collared-Dove
European Starling
Great Egret
Great-tailed Grackle
House Finch
Mallard
Mourning Dove
Northern Mockingbird
Orange-crowned Warbler
Rock Dove
Red-shouldered Hawk
Song Sparrow
Steller's Jay
Tree Swallow
Western Scrub-Jay
Western Tanager

Corvus brachyrynchos
Spinus tristis
Turdus migratorius
Calypte anna
Hirundo rustica
Molothrus ater
Sayornis nigricans
Euphagus cyanocephalus
Icterus bullockii
Psaltriparus minimus
Larus californicus
Branta canadensis
Bombycilla cedrorum
Spizella passerina
Petrochelidon pyrrhonota
Accipiter cooperii
Phalacrocorax auritus
Streptopelia decaocto
Sturnus vulgaris
Ardea alba
Quiscalus mexicanus
Haemorhous mexicanus
Anas platyrhynchos
Zenaida macroura
Mimus polyglottos
Oreothlypis celata
Columba livia
Buteo lineatus
Melospiza melodia
Cyanocitta stelleri
Tachycineta bicolor
Aphelocoma californica
Piranga ludoviciana

Omnivore
Granivore
Omnivore
Nectarivore
Insectivore
Granivore
Insectivore
Granivore
Insectivore
Insectivore
Omnivore
Herbivore
Frugivore
Granivore
Insectivore
Carnivore
Piscivore
Granivore
Omnivore
Piscivore
Omnivore
Granivore
Omnivore
Granivore
Omnivore
Omnivore
Granivore
Carnivore
Omnivore
Omnivore
Insectivore
Omnivore
Omnivore

YRWA

Yellow-rumped Warbler

Setophaga coronata

Omnivore
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