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The Urban Biodiversity Inventory Framework (UBIF) and associated online tool (at http://
ubif.us) were developed to guide and support cities in their efforts to successfully record, 
analyze, and assess biodiversity information in urban areas. Cities are increasingly being 
recognized as important locations for local biodiversity, endangered species and/or for 
providing key stopover sites for migratory species. As human populations grow and 
available habitat areas shrink, the need to track and maintain urban biodiversity becomes 
increasingly important. By providing a way to accurately and consistently assess biodiversity 
resources and track changes over time, the UBIF can assist cities in making appropriate 
management decisions to protect their ecological assets. 

The UBIF is a tool cities can use in the collection of biodiversity information to support 
proactive efforts to maintain and enhance urban biodiversity, as well as identify the need 
for response when species are declining. By applying the UBIF methodology, cities can 
monitor the response to actions, such as restoration activities, designed to enhance urban 
biodiversity. The UBIF structure also allows cities to record changes in urban biodiversity 
for a specific species, taxa group, or for multiple taxa in a specific habitat of interest. This 
flexibility provides information at different levels of organization and can also be used 
to generate a “report card” or summary score, aiding in the communication of biological 
information to diverse audiences. 

Sensitive to the variability in city natural resource budgets, the UBIF was designed with 
three major methodologies for tracking biodiversity. These methods, referred to as Tracks, 
require varying levels of resources to implement and produce different benefits in the 
types of analysis that can be produced. Track 1 primarily involves collaborating with partner 
institutions already collecting species information or gathering information on species 
detections within the city that have been conducted previously. 

Tracks 2 and 3 require either city staff or consultants to select surrogate species, used to 
represent habitats of interest found in the city, and choose a range of possible city and 
reference monitoring sites. Track 2 continues with the development and implementation of 
standardized protocols for the collection of presence absence data, while Track 3 involves 
the development and implementation of standardized protocols for the collection of relative 
abundance data. In addition to collecting information on species, the current iteration 
of the UBIF also recommends recording information on available habitats in the city by 
documenting available openspace, as well as how much of that area is currently protected 
as parks or natural areas. 

This information can be recorded, compiled, and used to generate summary tables with the 
companion online tool at http://ubif.us. 

Executive Summary

SFRPD Volunteers at Twin Peaks in San Fransisco. Photo courtesy of Peter Brastow.
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Introduction

In recognition of the need to accurately assess and record biodiversity in urban areas, five partner cities 
(St. Louis MO, San Francisco CA, Portland OR, Pittsburgh PA and Philadelphia PA) active in the Urban 
Sustainability Directors Network (USDN) selected Samara Group LLC to develop a biodiversity framework 
funded by an USDN Innovation Fund grant and matched by the Summit Foundation. The goal of this Urban 
Biodiversity Inventory Framework project is to create a new national norm by identifying which urban 
biodiversity information should be collected and to standardize the methods used for data collection and 
storage. Standardization will provide cities the ability to track changes over time, develop urban biodiversity 
enhancement strategies, and prioritize areas in need of restoration or other resources.  

The process to develop the Urban Biodiversity Inventory Framework includes three main components:

 » Scope of data collection: Clear description of data sets and collection methods for consistency over time 
& location

 » Electronic tool and methodology/process to be used: Central storage location and uniform organization 
of data once collected

 » Evaluation criteria for prioritization of efforts by cities: Clear descriptions of how local municipal 
practitioners can interpret and use data that has been collected

Protecting and promoting biodiversity is critical in the face of ever-increasing pressure on natural systems 
(Hooper et al. 2012, Cardinale et al. 2012, Dunne 2002). Biodiversity is not relegated only to tropical 
rainforests or pristine wilderness. The reality is that many cities are important locations for local biodiversity 
and endangered species and/or also provide key stopover sites for migratory species (Alvey 2006, Dearborn & 
Kark 2009). 

As the proportion of the world’s human population living in cities continues to grow (United Nations 2014), 
tracking and maintaining urban biodiversity becomes increasingly important. Also, more than half of the 
world’s population will inevitably connect to nature and biodiversity in cities. Given the paramount importance 
of enhancing and protecting biodiversity, now more than ever, cities need a way to accurately and consistently 
assess biodiversity, and track changes over time so that appropriate management decisions can be made to 
protect and enhance this resource. 

Recording baseline information by documenting species in cities is an important first step to monitoring 
biodiversity. As cities collect biodiversity information, an initial record of species information will become 
available. As more data is collected, the ability to track changes in biodiversity over time is accumulated, 
illuminating successes and areas in need of assistance. At minimum, tracking the location of species within the 
city will provide a record of where these plants and animals have been detected so that future observations 
can be compared to historical ones. 

Documenting the absence of species from the city and/or specific areas within the city can provide an 
important reference for when a species locally recovers or re-colonizes a patch within the city. These data 
allow cities to make informed decisions about where resources will be best applied to maintain biodiversity. 
Documenting species detections within the city can also provide important data that can be compared 
to changes in land use and management practices. Positive or negative correlations between program 
implementation and/or changes in land use practices can give insight into which actions a city can take to best 
promote and protect urban biodiversity. 

City resources available for assessing urban biodiversity and other natural resource objectives varies greatly 
across the country. This framework has been designed with all cities in mind, regardless of staffing capacity 
or financial means. The framework establishes a roadmap for those working within city departments or 
as partners assisting cities in the process. This is a tool that can be used to (1) organize urban biodiversity 
efforts,  (2) compile available biodiversity data, and  (3) frame possible strategic direction and priorities. In 
areas where cities are unable to collect their own data on biodiversity, the ability to house and refer back to 
data collected by partners or other stakeholders can prove an invaluable resource. Whether biodiversity data 
is collected by the cities themselves or through partners and stakeholders, there is a critical need to maintain 
consistency and make data available in a reliable and easily accessible location. 
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By definition, biodiversity describes the variety of life found in a particular area. Therefore, the most 
important data to capture when attempting to inventory urban biodiversity is the biological organisms, the 
species of plant and animal present, and the locations of those individuals in the urban area. The primary 
focus in Phase 1 of the Urban Biodiversity Inventory Framework Project (UBIF) is on determining three 
methodologies (with varying levels of time and resource requirements of the city) that could be used to track 
biological organisms within the urban area. These methodologies are referred to as “tracks” and can be 
collected individually or simultaneously. 

The advantage and challenges of each track vary (see Table 1), and – depending on available resources within 
the city and/or data collection needs – one or multiple tracks may be chosen. There are many additional 
factors supporting biodiversity, particularly in urban systems, that could be measured and tracked over time. 
The focus of the UBIF is on the critically important elements that support biodiversity in cities. Key factors 
covered are available habitat (through measures of land use) and species data.
 

Scope of data collection: Electing to use a tracked approach

This is a young Red-Tailed Hawk near Carnegie Mellon University in Pittsburgh, PA. ©Raja 
Sambasivan via Flickr Creative Commons http://bit.do/c6iZg
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Table 1: Advantages and Disadvantages of Utilizing Different UBIF Tracks
Advantage Disadvantage 

Track 1 
Recording 
Partner/ 
Stakeholder 
Data

 » Requires little extra resources
 » Maintains opportunistic record 
of species presence for future 
reference/study

 » Encourages communication and 
data sharing among individuals and 
entities studying species in the city

 » Builds trust and potential long-term 
relationships creating opportunities 
for future collaborative work

 » Inability to generate summary 
statistics

 » Effort and time needed to coordinate 
with partners

 » Possible resistance by partners to 
share data -- especially in the case of 
threatened and endangered species. 
(Note: data sharing is controlled by 
the primary UBIF city contact.)

Track 2 
Presence/ 
Absence of 
Surrogate 
Species

 » Ability to generate summary statistics 
(proportion occupied by: individual 
species, taxa group, habitat of 
interest)

 » Ability to track changes in occupancy 
over time (in all combinations listed 
above)

 » Ability to measure larger trends (e.g., 
climatic, larger regional scale) with 
comparison to reference site

 » Ability to measure these parameters 
against implementation and/or 
change in city initiatives directly 
or indirectly designed to support 
biodiversity

 » Ability to sum or otherwise compile 
summary data and generate a 
“biodiversity report card” or index 

 » •Requires more (compared to Track 1) 
resources (staff time and/or funds) to 
collect the data including:

 » Knowledge of proper protocols for 
collecting presence/absence data for a 
given taxa/species

 » Training and communication required 
to ensure consistency in  protocols 
used over time

 » Initial investment in time/research to 
select proper surrogate species

 » Initial investment in time/research to 
select proper reference and city sites

Track 3 
Relative 
Abundance 
Estimates of 
Surrogate 
Species

 » Ability to generate summary statistics 
(rate of increase/decrease) in species 
abundance over time (city and 
reference)

 » Ability to measure larger trends (e.g., 
climatic, larger regional scale) with 
comparison to reference site

 » Ability to track changes in relative 
abundance over time

 » Ability to measure changes in relative 
abundance against implementation 
and/or change in city initiatives 
directly or indirectly designed to 
support biodiversity

 » Direct way to track fluctuations in 
relative abundance and long term 
viability of that species in a given area

 » Ability to document local extinctions 
if/when they occur

 » •Requires more (compared to Tracks 
1 & 2) resources (staff time and/or 
funds) to collect the data

 » Knowledge of proper protocols for 
collecting relative abundance estimate 
data for a given taxa/species

 » Training and communication required 
to ensure consistency in  protocols 
used over time

 » Initial investment in time/research to 
select proper surrogate species

 » Initial investment in time/research to 
select proper reference and city sites

 » Permits and/or special considerations 
for species that require handling to 
collect relative abundance estimates
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Biological data in cities may be collected by many different partner or stakeholder groups such as university 
researchers, non profit organizations, or non-municipal government agencies. Collection of any biological 
data generally begins with identification of relevant species and the location that species was detected. Cities 
can utilize these basic elements of data collected by partner or stakeholder groups to track biodiversity in 
cities. By recording species and their locations documented through other efforts, cities can opportunistically 
document species presence. These data provide a record of known sightings that can be compared to future 
data collection efforts and/or historical species information. 

In addition to compiling species detections from active partners, under the Track 1 methodology cities can 
also input existing data from a variety of other sources, such as iNaturalist and eBird, using the UBIF online 
tool (at http://ubif.us). Any source of data that is in or can be easily converted to a .csv format can be added to 
the online tool database, allowing cities to combine and track that data in a single location.  

Track 1 includes the additional benefit of acting as an outreach tool to maintain and enhance communication 
between city natural resource staff and other groups that are conducting research or doing other biodiversity 
related work within the city. Through increased communication and relationship building, the potential for 
collaboration between the city and partner or stakeholder groups is also enhanced. 

Data to be recorded in the UBIF database: Track 1

 ❏ Data Collector(s) {includes group/agency name, contact person and contact information}
 ❏ Date of data collection
 ❏ Location name
 ❏ Ecosystem/habitat of interest
 ❏ Taxonomic group
 ❏ Species
 ❏ GPS coordinates (Lat/Long in decimal degree format)

Using the Data

While Track 1 data alone does not provide the ability to generate meaningful evaluation or statistics, these 
data points document the occurrence of species within the city. These data can be displayed spatially using 
GIS software or be summarized in a table. The list of known species can also be used in promotional materials 
and other communications about biodiversity in the city to promote local connections to nature and learning. 

Track 1 - Recording Partner Data

Carondelet Park, St. Louis. ©Annie Chartrand via Flickr Creative Commons http://bit.do/c6i2S



UBIF | 11

Track 2 - Monitoring Presence/Absence of Surrogate Species

Purposefully collecting data to assess urban biodiversity provides cities the ability to generate summary 
statistics and track changes over time in a more measurable way than is provided by conducting Track 1 data 
collection only. Track 2 employs presence/absence monitoring of species as a way to track and assess urban 
biodiversity. (See attached protocol information in Appendix 1 for guidance on conducting presence/absence 
monitoring for invertebrate pollinators, land birds and plants in Track 2.) Recording the presence of species 
in Track 1 is valuable information, but knowing where species are not is also essential to assist in decision 
making for restoration action or other management decisions that can be applied to improve habitat quality 
and/or quantity. 

Two major decisions must be made before presence/absence monitoring can begin: Which species will 
be surveyed for, and what locations will be surveyed. With unlimited resources, a city could attempt to 
exhaustively record all species of all taxa at every possible location. However, given normal limitations, this 
is an unattainable goal. In order to best use limited resources, a surrogate species approach (Caro 2010) and 
recommendations for selecting reference sites within as well as outside of the city, are employed for Track 2 
and Track 3. 

Surrogate Species Selection

Surrogate species are defined by the United States Fish and Wildlife Service (USFWS) as “a commonly-used 
scientific term for system-based conservation planning that uses a species as an indicator of landscape 
habitat and system conditions” (USFWS 2014a). The goal of a surrogate species approach is to use a few 
species to best represent the needs of the larger community (Weins et al. 2008). Depending on the objective 
of a given project, the characteristics used to select species differ (USFWS 2014b). The Urban Biodiversity 
Inventory Framework project’s primary goal is to generate a standardized approach -- a “roadmap” -- that can 
be used by cities to document and track urban biodiversity changes over time. With this project goal in mind, 
species selections should follow a set of conditions geared toward urban biodiversity representation (see 
Figure 1). 

As cities consider surrogate species selections, the first criteria is to select species from diverse taxa groups 
that are typically found in or are obligate to a given habitat type of good quality and are neither very rare nor 
overly common. For example, if mature forests are a habitat of interest within the city boundary, then species 
that depend on resource(s) found in mature forests and are readily found in that habitat would be good 
potential candidates for surrogate species selection (See Table 2). 

The plant, bird and invertebrate pollinator taxa groups are universal throughout cities utilizing the UBIF. 
However, additional taxa groups are chosen at the discretion of the cities, with at least two additional taxa 
groups recommended. The type and number of habitats of interest should be based on known native habitats 
found currently or historically within the city and is completely up to the individual city’s discretion. 

Final species selections should highlight a range of species needs but focus primarily on species that 
have some level of tolerance of the urban environment. The surrogate species group should provide a 
representation of use of the different native regional habitats and of the different classes of native species. 
By using this surrogate species approach, our goal is to select species that also represent the needs of similar 
species or species groups and sensitive species whenever possible.
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Figure 1: Summary of surrogate species selection conditions
Final Surrogate species selections, both individually and as a group, should meet the following conditions:

 ❏ Close association/reliance on a given functional habitat type of good quality
 ❏ Species that are neither very rare nor overly common
 ❏ Species selected should represent the needs of additional species found in the given habitat type
 ❏ Species selected should also represent the needs of sensitive species whenever possible
 ❏ The group of species selected to represent a given habitat type should highlight a range of species 
needs provided by functional habitat but will primarily focus on species with some tolerance of the 
urban environment

 ❏ The entire suite of selected species (across taxa and habitat types) should provide a representation of 
the different native regional habitats and of different classes of native species

Table 2: Hypothetical Surrogate Species Selections 
Taxa Groups Ecosystems/Habitats of Interest

Prairie Wetland Douglas fir forest

Plant Camassia quamash Lysichiton americanus Trillium ovatum

Bird Western meadowlark Marsh wren Northern pygmy owl

Invertebrate Pollinator Pacific Fritillary butterfly Speyeria Cybele butterfly Osmia Mason bees

Mammal Gray-tailed vole Beaver Douglas’ squirrel

Amphibian Red-legged  frog Northwestern salamander Pacific giant salamander

City and Reference Monitoring Site Selection

From large protected natural areas to small vegetated parking strips, habitat quality and quantity within cities 
varies greatly,. The best utilization of the UBIF, as a means to attain a comprehensive analysis of biodiversity 
in the city, requires that a diversity of sites be selected. In this way, care should be taken to select sites with a 
range of perceived quality and avoid the temptation to only select the “best” or “favorite” sites within the city. 

Collecting biodiversity data exclusively within the city allows for documentation of the often surprising 
diversity that can be found in and around urban centers. However, it can be difficult to detect larger scale 
trends (such as climate change) that may influence species presence. Therefore reference sites should be 
selected to complement city monitoring sites. A reference site should be of the best quality and/or an ideal 
example of a given habitat of interest, located as near to the city as possible. For example, biodiversity 
monitoring in wetland habitats within the city should be compared to highly functional wetland sites in 
undeveloped areas outside the city. 

Utilization of a reference site does not mean that the goal is for city sites to meet exactly the same parameter 
values as are found in a reference site. The conditions within urban and urbanizing areas are such that it is 
not necessarily possible to have equal values as those found within a reference site. Rather, reference sites 
provide the city with a yardstick to measure against and allow for tracking of larger scale change that may 
influence results. For example, if a particular surrogate species is experiencing a range shift due to climate 
change, it may gradually become undetectable in the region. By simultaneously collecting data in reference 
and city sites it may be possible to avoid erroneous assumptions that the change in species detection is 
strictly correlated to city activities or management actions. 
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Data to be recorded in the UBIF database: Track 2 

 ❏ Data Collector(s) {includes group/agency, contact person and contact information}
 ❏ Date of data collection
 ❏ Location name
 ❏ Ecosystem/habitat of interest
 ❏ Taxonomic group
 ❏ Surrogate species
 ❏ GPS coordinates (Lat/Long in decimal degree format)
 ❏ Reference or City site
 ❏ Presence or absence of surrogate species
NOTE: For Track 2 and 3 additional data that are specific to a given taxa group or protocol may be important to 
document in order to generate calculations, maintain consistency and help control for variables that may influ-
ence species detections (see Appendix 1 Protocol sheet subheadings for “additional required information”). These 
data currently are not tracked directly in data fields in the online data application (http://ubif.us). However, they 
can be compiled in digital documents and uploaded to site. 

Using the Data From a Surrogate Species and Reference Site Approach

Data collected using the Track 2 methodology can generate summary statistics and produce valuable 
information to illustrate change in surrogate species detections. Cities will be able to periodically review the 
current locations within the city where surrogate species were detected and where species were surveyed for 
but not found. Track 2 surveys should be conducted at the peak time of probable detection for a given species 
(e.g., peak flying time for adult butterflies, or the height of juvenile dispersal in small mammals). Depending 
on the surrogate species in question, these peak activity periods will likely vary somewhat from year to year. 
Allowing for some flexibility in the initiation of survey periods will increase the chance of detecting species 
presence. 

Each presence/absence survey will have specific guidelines on how often a site will be visited as well as how 
long, how far, and when the survey will occur to ensure equal effort is made in attempting to find the given 
species. Once a species is detected and marked as present, the survey can conclude since additional instances 
of “presence” do not change the value of the data.  

Vegetation in a small open space in downtown Portland. ©Jessica Riehl
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As additional survey efforts are added to the database, the proportion of locations where surrogate species 
are present vs absent can be summed to generate a value that shows the net change over time (see Table 
3). For example, if the Tufted Titmouse was present in 25% of the sites surveyed in 2017, and was present in 
27% of the surveyed sites in 2018, then the net change is +2%. These data points can also be compared to 
detection rates in the reference sites (see Figure 2). 

If reference site monitoring shows direct correlations with city sites, we can investigate if the changes we see 
are due to larger regional trends. If, for example, there is a regional population increase in a given species, 
this change would be reflected in species detection rates both within the city and at reference sites. When 
reference and city site data is not correlated, we have better evidence of the possibility that city activities are 
responsible for driving observed differences. 

(b) Hypothetical multi-year Track 2 data and net change calculations for 
an example surrogate species representing a habitat of interest. Data 
from city monitoring sites and reference monitoring sites are shown.  

Year City Site 
Surrogate 
Species 
Presence

City Site Net
Change 
Calculated

Reference 
Site Surrogate 
Species 
Presence

Reference Site 
Net Change 
Calculated

2013 57.1% 85.4%

2014 51.7% -5.5% 86.8% 1.3%

2015 56.3% 4.7% 82.5% -4.2%

2016 53.9% -2.5% 84.3% 1.8%

2017 58.4% 4.6% 87.3% 3.0%

Cumulative 
Net Change

1.3% Cumulative 
Net Change

1.9%

(a) Hypothetical single 
year Track 2 sata for 
city sites surveyed for a 
given surrogate species 
representing a habitat 
of interest. 

Site 1 Present (1)

Site 2 Absent (0)

Site 3 Absent (0)

Site 4 Present (1)

Site 5 Absent (0)

Site 6 Present (1)

Site 7 Present (1)

Total sites: 7
Total sites present: 4
Presence in 2013:  
57.1%

Table 3: Example Single-Year Track 2 Data (a) and Multi-year Analysis (b) for a Given 
Surrogate Species  

Survey data from a given year is used to calculate the proportion of sites where a surrogate species 
(representing a habitat of interest) was present (a). Presence data from multiple years are used to calculate 
the net change over time, subtracting the current year from the previous year and so on. For example, 
2017 proportion is subtracted from 2016, 2016 is subtracted from 2015, and so forth. The net change 
values are then summed to give a cumulative value (b).  
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Figure 2: Visualizing Track 2 Summary Data
Summary data can be graphed to provide a visual illustration of data over time. Here the proportion 
presence for reference and city sites over time is displayed.

In addition to calculating net changes over time in presence and absence of surrogate species, these data 
points can also be compiled to give larger scale summary information about a taxa group or habitat of 
interest. For example, if a city was interested in the overall status of the bird taxa group, then the proportion 
of presence/absence of all the sites surveyed for birds (of any habitat type) could be generated (see Table 4). 

Table 4: Track 2 Data - Bird Presence Across Habitat Types in City Sites 
Presence data can be calculated for a given taxa across habitat types to indicate overall status of that taxa within the city 
and/or at reference sites. City data only is given in the example below.

Forest Wetland Prairie
 Bird 1 Bird 2  Bird 3

Site 1 1 Site 1 0 Site 1 1

Site 2 1 Site 2 1 Site 2 1

Site 3 0 Site 3 1 Site 3 1

Site 4 1 Site 4 0 Site 4 0

Site 5 0 Site 5 0 Site 5 1

Site 6 0 Site 6 0 Site 6 1

Site 7 1 Site 7 1   

  Site 8 1

Site 9 0

Proportion 
present per 
habitat type

57.1%  44.4%  83.3%

Total sites surveyed: 22
Total sites with birds present: 13

Proportion presence of all sites surveyed for bird 
surrogate species → 

59.1%
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Similarly, if trends in an ecosystem/habitat of interest is the focus, then the proportion of all surrogate species 
presence/absence data within that habitat type could be calculated using the same process illustrated in Table 
4, but substituting one habitat of interest and various taxa groups within (e.g., a forest with the presence 
absence findings by site for the surrogate bird, plant, invertebrate pollinator, etc.). Summarizing the data in 
this way provides an indication of how successful a given habitat of interest in the city is at supporting urban 
biodiversity. For example, if a city was interested in oak woodland habitats, the number of actual surrogate 
species detections would be divided by the possible detections to generate the proportion. The grouping of 
data by taxa group or habitat type could also be used to generate a score or rank to more easily communicate 
the status of the group over time. For example, of 100 possible city survey sites monitored for presence/
absence of birds, if 0-25 are present that is scored 1, if 26-50 are present that is scored 2, 51-75 is 3 and 76-
100 is 4. In this situation, the greater the number the more sites are present for the surrogate birds (across 
habitat types) with the highest possible score being 4. It is important to note, however, that even in high 
quality habitats with known populations (such as those selected as reference sites), a given species may only 
regularly be detected as present far less than 76% of the time. 

Shy or cryptic species can be difficult to detect -- even when abundant. For these species, even a “perfect” 
site would never receive a score of 4 if the benchmark was set to above 76% present. Therefore, the actual 
breakdown of the scoring system (i.e. the number of sites present to assign a score of 1, 2, 3 or 4) should be 
determined on a per-species basis. Once appropriate values are assigned, distilling the actual data values to a 
simple 1-4 scoring system can aid in clear communication and assist in explaining the city’s biodiversity status 
to policy makers and the public.  

Much like the single species Tufted Titmouse example, these data combinations by taxa or habitat can be 
viewed as a periodic snapshot (e.g., annually), or the net change over time can be calculated to examine 
trends. It is important to note, however, that if a single species experiences a very large change in presence/
absence it will skew the combined value, making it appear that the entire group is trending one way or 
another. Therefore it is important that individual species data points are also examined with an eye toward 
detecting external factors influencing outcomes. 

Pollinator in Pittsburgh. ©Ryan Poplin via Flickr Creative Commons http://bit.do/c6i34
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Track 3 methodology employs purposeful study design and generates summary statistics that can be 
compared across sites and over time. These data points describe not only the surrogate species as in Track 2, 
but also the communities of the taxa group of which they are a part. If surrogate species are chosen carefully, 
they act as important indicators of how other species are also faring. However, by directly collecting additional 
information on the taxa group community, a city can better characterize that community and describe 
how common or rare a given surrogate species is in relationship to that community (See attached protocol 
information in Appendix 1 for guidance on relative abundance monitoring for invertebrate pollinators, land 
birds and plants in Track 3). 

Track 3 monitoring begins with the selection of surrogate species and monitoring sites within the city and 
at reference locations. It is not, however, required that a different set of surrogate species or monitoring 
locations are selected for Track 3 vs Track 2. For information on the selection of surrogate species and 
guidance on monitoring site selection, please see the appropriate sections under the Track 2 heading above. 
However, there are additional options in approaching the selection of monitoring sites. One possibility is to 
focus only on sites known to have the surrogate species present, or another option is to conduct the relative 
abundance surveys at all sites. If surveys are conducted at all sites, there is the possibility of also marking 
presence/absence (Track 2) data simultaneously, marking areas with no surrogate species as 0% relative 
abundance. 

Data to be recorded in the UBIF database: Track 3  

 ❏ Data Collector(s) {includes group/agency, contact person and contact information}
 ❏ Date of data collection
 ❏ Location name
 ❏ Ecosystem/habitat of interest
 ❏ Taxonomic group
 ❏ Surrogate species
 ❏ GPS coordinates (Lat/Long in decimal degree format)
 ❏ Reference or City site
 ❏ Relative abundance estimation of surrogate species

NOTE: For Track 2 and 3, additional data that are specific to a given taxa group or protocol may be important to 
document in order to generate calculations, maintain consistency, and help control for variables that may influ-
ence species detections (see Appendix 1 Protocol sheet subheadings for “additional required information”). These 
data currently are not tracked directly in data fields in the online data application. However, they can be compiled 
in digital documents and uploaded to site. 

Using the Data

Relative abundance calculates the proportion of a given species in relationship to its community: Relative 
Abundance (%) = [Number of target species/(number of target species + number of non-target species)] x 100. 
In this application we are defining the community as other members of the same taxa group. While proportion 
data is relatively easy to interpret, cities should be aware that because total community values will vary 
(i.e., 10 total detections at one site vs 100 total detections at another) proportion values can be similar with 
very different total detections. For example, if a surrogate species is detected 5 times out of 10 total species 
records, then the relative abundance is 50%, and if at another site the surrogate was detected 75 times out of 
150 species detections, the relative abundance is also 50%. Relative abundance surveys should be conducted 
at the same time annually and with a standard number of site visits to ensure comparable data across years. 

Relative abundance values can be compared across monitoring sites (Figure 3), giving an indication of where 
surrogate species are most common, rare or absent for a given year. Additionally, at a given site, relative 
abundance data can be compared over time and the net change calculated to indicate if a species is becoming 
increasingly dominant, rare, or stable in relationship to its community (Table 5).

Track 3 - Monitoring relative abundance of surrogate species
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Figure 3: Comparing Relative Abundance Across Sites
Relative abundance for a given surrogate species in city sites

Table 5: Relative Abundance and Net Change for a Single Site Over Time

Time Site 1 Relative Abundance Values Net Change

2014 12.3%

2015 16.4% 4.1%

2016 12.6% -3.8%

2017 13.7% 1.1%

The non-surrogate species detections can be categorized simply as “other” and be successfully used to 
generate relative abundance values, or with additional time and survey expertise, non-surrogates can be 
identified to species, providing a wealth of additional information. Identifying all observed species in the 
taxa group generates data that could be entered into the database under Track 1, adding to the list of 
opportunistic species observations. Recording all species provides data that could be used to calculate 
additional measures of diversity, such as richness and evenness.   

Available habitat in the city - Land use data

A critical supporting element of urban biodiversity is available habitat. While this UBIF is focused on directly 
monitoring species and their taxa group communities, it is essential that areas of potential habitat be tracked. 

Data to be recorded in the UBIF database

 ❏ Data Collector(s) {includes group/agency, contact person and contact information}
 ❏ Date of data collection
 ❏ Percent greenness/vegetation
 ❏ Percent protected area
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Using the Data

By recording the proportion of greenness/open space (non paved or built areas) within the city boundary, 
starting values can be established documenting available space. By broadly looking at greenness values, a city 
can include even small habitat areas (such as a vegetated parking strip or a lone street tree) with the potential 
to provide resources to support species. As additional data is recorded, loss and/or gain of that potential 
habitat over time can be documented (see Figure 4). A secondary component to tracking available habitat is to 
also track the proportion of the city that is protected from development, such as parks and designated natural 
areas. The proportion of protected area should be calculated as a proportion of the entire city boundary 
(rather than proportion of available habitat) and therefore will always be equal to or less than the value for 
greenness/openspace (Proportion protected area = Land area of parks & natural areas / City boundary area).

Figure 4: Proportion Greenness/Openspace in the City Over Time and Cumulative
Proportion Openspace = Openspace area / City boundary area

Of course, if city boundaries change, or if multiple cities in a metro area choose to work together, this will 
alter the total land area considered. In these situations, calculations will need to be adjusted or otherwise 
noted so changes in proportions are not attributed incorrectly. It is recommended that a table of the land 
area values used to calculate proportions be maintained for reference (see Table 6).  

Table 6:  Example Land Area Values Table
By maintaining a data table of the city and openspace area values used to calculate proportion openspace, 
changes in city area can be monitored as that will influence proportion values. 

Year City Area  
(Square Miles)

Openspace 
(Square Miles)

Proportion Openspace

2014 142 45.0 31.7%

2015 144 43.5 30.2%

2016 144 41.6 28.9%

2017 145 41.9 29.3%

Note: These data can be uploaded and stored in the UBIF online tool (at http://ubif.us) by a City Site Manager in 
the Documents section of the city homepage.
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An optional online interface has been developed in conjunction with this framework to support collection by 
serving as a repository of data. This web-based  tool can be accessed at www.ubif.us. There are three main 
access permissions described here: a General User, City Site Manager, and Site Manager. An additional level 
of access is provided to an Admin user who has full access to the site, back end code, and all functions and 
would be controlled by the ultimate host of the site. 

 » General User: 
A General User is someone who would be adding information to the database and/or pulling summary 
table data from the site. In order to access the tool and associated data, a General User must first be 
given account authorization by a City Site Manager. 

 » City Site Manager: 
A City Site Manager is someone who would control user permissions, add/remove users and have 
access to enter data or edit any previous data entries specific to their city. A City Site Manager can also 
add or edit terms used to populate drop-down menus in the data entry fields of the online tool. 

 » Site Manager: 
A Site Manager has access to all the same functions as a City Site Manager but for all cities. The Site 
Manager can serve as a support person assisting partner cities, potentially in conjunction with the enti-
ty hosting the online tool. 

Details on the functions and features of the online tool are compiled below and described in association with 
the user access permissions. 

Electronic tool and methodology/process to be used

Scissor-tailed Flycatcher (Tyrannus forficatus) at Bartrum’s Garden, Philadelphia county, 
Pennsylvania. ©Brian Henderson via Flickr Creative Commons http://bit.do/c6i5A
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Note: detailed step by step information on how to use the online tool can be found in Appendix 2 of this document 
and on the website home page at http://ubif.us 

General User

 » Personal username and password login information granting access to a specific city
 » Access to city specific species monitoring protocols & other important documents posted on the city 
homepage 

 » Ability to input data (computer or mobile device compatible) using the following data forms and 
associated fields available:
• Data Collector - Name, organization, email, phone and additional information for the individual 

responsible for collecting the original data. This category is used to populate fields in the Species 
Detections records. 

• Land Use Data - City-wide measures of available habitat. Includes fields for Proportion Greenness/
Openspace and Proportion Protected Area. 

• Species Detections - Includes basic descriptors such as date of data collection, data collector, 
location name, coordinates, ecosystem/habitat of interest, taxonomic group and species (Track 1 
data). Additional optional fields include reference/city site (Track 2 & 3), Presence/Absence (Track 2), 
and Relative Abundance (Track 3). When using a mobile device to enter data in the field, an option 
to “Find my location” is available that will automatically input coordinate information.

 » Edit access of data records  
• As data forms are completed there is an immediate review screen and edit option for each record. 
• Additionally, through summary tables, “edit” options are available for records authored by the user.

 » Summary of data (tables)
• Displays columns of information based off input data forms and rows of each record created. 

Individual tables are available for each data form: Data Collector, Land Use and Species Detections.
 » Download of data (.csv files) - Each summary data table can be downloaded in csv format for 
manipulation and calculation in excel, input to a spatial geodatabase, and/or upload to statistical 
software such as R, etc.

 » Upload of data (.csv files) - Format guidelines are provided to match uploaded data to the backend 
database table. This allows for batch uploads of previously collected data. 

City Site Manager

All functions accessible by a General User are available to a City Site Manager plus the following:
 » City homepage 

• Welcome text & image editing
• Add/remove functions for document links titled: “Protocols and Additional Documents” displayed on 

the city homepage. Provides a storage area for monitoring protocols & other important documents.
 » Content Categories “Taxonomy”

• Add/edit ability for list of terms under main content categories. The list of terms then display in a 
dropdown menu when entering data. 

• Data form content categories available
• Ecosystems/habitat of interest - list of terms examples: oak woodland, chaparral, vernal pools
• Taxa groups - list of terms examples: birds, land snails, plants, butterflies, bees
• Species names - list of terms examples: Tufted titmouse, Rana draytonii, Castor canadensis
• Location - list of terms examples: Gateway Park, Forest Park, Oaks bottom natural area
• Organization - list of terms examples: Unversity of Pennsylvania, Presidio Trust, City of Portland

 » Edit access of data records  
• Through summary tables, “edit” options are available for all records. 

Description of online tool functions
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 » User permissions and Access control
• Auto generated email is sent to the City Site Manager when someone requests a new account on 

the city homepage, notifying the manager that the user needs to be activated.
• New and existing users are displayed in a table under the “People” menu.
• Columns include: 

• Name (username and email) 
• Domain (aka city) 
• Active (yes/no) 
• Role (User, City Site Manager, Site Manager, Admin) 
• Last access date 
• Operations (edit/cancel account options)

• Edit link under Operations column allows the City Site Manager to edit user details, change 
password, activate or deactivate the account and add extra permissions (to City Site Manager level). 

Site Manager 

Access to all permissions of a General User and City Site Manager plus:
 » Access to all cities
 » Ability to delete data records



UBIF | 23

Note: Also see “Using the Data” sections under Track 1, Track 2, Track 3, and Land use data headings above for 
detailed information on data analysis options and considerations. 

Various approaches can be used by cities in how they choose to apply the information gathered through 
using the UBIF. Knowing what species or topics partner/stakeholder groups are investigating (Track 1 data) 
can provide a record of species locations, but also gives insight into trending topics. Understanding why the 
particular species or species group is being monitored or studied can illuminate unique features or special 
relationships of that species, deepening local knowledge. Depending on priorities and available resources, 
a city may choose to build on the partner/stakeholder investigation and/or collaborate on additional 
investigations to add to local knowledge on the subject, inform citizens and potentially enact new policies 
based on findings. The data collected through Track 2 or Track 3 methodology give the greatest opportunity 
for monitoring urban biodiversity changes in a more comprehensive way because data collection occurs at 
regular intervals and is guided by well-defined parameters. Broadly, these data can be applied in a proactive 
or reactive way. 

Proactive Approach

A proactive approach would be to measure the response in biodiversity against a new policy and/or 
procedure. For example, if a new policy is enacted that dictates all commercial landscaping projects include a 
minimum of 75% native plants, then the data could be examined for a potential biodiversity response. In this 
case the objective is that by implementing the native plant rule, the city would increase biodiversity and so the 
expected response would be an increase in either presence of surrogate species (Track 2) and/or an increase 
in relative abundance of the surrogate species (Track 3). If additional information was collected in association 
with relative abundance for Track 3, additional measures of community evenness and/or richness could also 
be measured against the new management action. 

Reactive Approach

A reactive approach would be to respond to a change in biodiversity discovered through tracking Track 2 or 
Track 3 data. First, the data trends would need to be examined for both city and reference sites to determine 
if the changes noted are region wide or specific to one or more city sites. If it appeared that the change was 
specific to a given city monitoring site, then the site and surrounding area could be investigated more closely 
in an effort to determine the cause and/or look for correlations. For example, after several data collection 
cycles, a declining trend (fewer presence detections (Track 2) and/or lower relative abundance (Track 3)) 
is noted for a given species in a city monitoring site, while other sites appear stable. Correlative events or 
activities, such as nearby habitat loss through infill development, industrial activities, or an increase in human 
and domestic/feral animal activity, could be investigated. The complex and dynamic nature of cities creates 
a multitude of possible activities that could alter species presence and relative abundance. In order to focus 
efforts to the areas most likely to be influential, factors should be targeted by species specific life history traits 
and use of habitat. For example, the presence of off-leash dogs can greatly impact certain ground nesting 
birds.

Application of Restoration or Land Acquisition Resources 

Cities face additional challenges when making decisions about where and how to use resources for 
restoration activities and land protection. When resources are available for these activities, it is important to 
choose locations carefully in order to create the greatest ecological benefit with limited available resources. 
In some cases it is preferable to add to an existing area with relatively high biological diversity, helping to 
add to the resilience and long term viability of that area as an urban biodiversity resource (e.g., purchasing 
properties adjacent to a large natural area to increase its overall size or to create connections from the large 
patch to a neighboring natural area). Through implementation of Track 2 or Track 3 methodology with a 
diversity of monitoring sites, areas of higher or lower biodiversity will be more easily identified. An alternative 
approach in deciding where to apply restoration or land acquisition resources could be to purchase and/

Evaluation criteria for prioritization of efforts by cities
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or restore smaller patches of habitat within the city. These small patches can create “stepping stone” type 
habitats and could be found in areas that are relatively isolated from existing urban biodiversity areas. 
Frequently, these “natural area deserts” are also located in socially and economically disadvantaged areas. 
Therefore, the addition of natural spaces can also serve a social benefit in conjunction with opening up new 
biodiversity potential. 

Prairie savanna ecosystem in St. Louis Forest Park. Photo courtesy of  Catherine Werner.
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The current framework and web tool provide an efficient means to record data in order to assess and track 
urban biodiversity. However, there are additional data points and features that could increase the breadth 
and utility of the framework and online platform. Additional elements that could enhance cities’ ability to 
prioritize sites for biodiversity action include more detailed land use information, data summaries and 
analysis incorporated into the online tool, and triple bottom line elements of sustainability with relationships 
to biodiversity (social and economic additions). These opportunities have been summarized here as 
recommended elements in future phases of UBIF efforts.  

Communication and Outreach Strategies to Enhance Use of the UBIF

The development of materials designed to quickly and effectively communicate the goals, objectives and 
implementation of the UBIF will assist in efforts to include additional cities. For example materials such 
as a brochure style handout, PowerPoint presentation and/or informative poster could, individually or in 
tandem, serve to aid in communication. In conjunction with these materials, an active engagement strategy 
including outreach to cities surrounding current UBIF adopters and/or other agencies and partners within 
city could increase use of the framework. Additionally, the elements discussed below regarding online tool 
enhancements could also increase use of the UBIF by cities.  

Online Framework Tool Enhancements

The current framework and web tool are sufficiently robust to record data and track urban biodiversity. 
However, there are additional data points and features that could increase the breadth and utility of the 
framework and tool. The web tool in particular would benefit users by generating summary statistics 
(calculations) and creating figures and spatial data displays automatically. These changes in particular may 
increase the likelihood of use of the UBIF and web tool in additional cities. Additional funding could also be 
applied to the UI/UX (User Interface and User Experience) design elements of the online tool to enhance the 
look and “feel” of the interface. 

Expansion of Land Use/Available Habitat Data Tracking

Additional land use parameter data would benefit cities by providing more detail on available habitat 
parameters that support species diversity. For example, breaking down the total greenness/openspace 
available by ecosystem/habitat of interest would provide information on the quantity of these habitat types 
currently in the city. Additionally, tracking the spatial distribution of specific habitats of interest within the city 
could lead to a greater understanding and assessment of habitat connectivity as well as the associated spatial 
distribution of wildlife populations. Opportunities to increase potential habitat areas within cities are few 
and far between. However, vacant lots are an area where potential habitat could be gained. By tracking the 
distribution and proportion of vacant properties in the city, those with proximity to current natural areas or 
those in areas devoid of available natural areas can be prioritized for acquisition and restoration depending 
on the city goals and objectives. 

Creating Social and Economic Benefits (Ecosystem Services) 

Urban biodiversity impacts socio-economic conditions in a multitude of ways. Developing methodology 
to track social and economic benefits derived from biodiversity can assist cities in gathering support for 
biodiversity enhancing efforts. Natural systems with diverse flora and fauna provide a multitude of benefits 
and ecological functions that support humans in a variety of ways. 

Biodiversity provides enhanced ecosystem services that also provide economic benefits, such as increased 
water quality, soil formation and nutrient cycling, as well as providing food resources and sources of genetic 
diversity for crop species. Biodiversity’s benefits to human health and well-being are extremely important 

Opportunities for Framework Enhancement and Expansion
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with numerous studies showing correlations between greater access to natural areas and improved mental 
and physical health. Additionally, new discoveries are made regularly in the areas of medical research based 
on the discovery and testing of new species and compounds, and in engineering using biological systems to 
develop new models for robotics or other high tech applications. Diverse biological systems also are better at 
protecting themselves by way of enhanced resistance to invasive species, balanced trophic systems (predator-
prey interaction), decreased risk of extinction with enhanced genetic diversity, and improved ability to adapt 
to climate change. 

An evaluation of existing tools and when needed, the development of new methodologies can provide ways to 
track and assess the multitude of potential social and economic benefits from urban biodiversity.

Biodiversity Supporting Social and Economic Factors  

Tracking triple bottom line elements of sustainability with relationships to biodiversity can provide important 
insights, beyond understanding the organisms themselves, to include incorporation of critical social and 
economic elements that ultimately support biodiversity. Environmental projects in particular benefit from 
triple bottom line efforts. This is evident by an effective engagement strategy that will demonstrate the 
interconnection between urban biodiversity, human health, and resilient economies, underpinning the need 
for resources and effort to be applied to urban biodiversity efforts.

Social 

Tracking and defining social efforts, such as outreach and education activities around connecting people with 
nature, can promote a sense of place, ecological learning, and societal buy-in for supporting biodiversity in 
cities. Tracking and defining social outreach efforts, such as connecting people with nature, citizen science/
volunteer programs and nature days activities, enables citizen scientists to collect data for a shared database 
and, at the same time, raises awareness of biodiversity. Additionally, measures of environmental justice, such 
as access to nature, could assist cities in how and where they chose to implement restoration activities or 
other biodiversity enhancement strategies. Parameters such as access to nature can be measured by physical 
proximity and other factors, including affordability and cultural relevance. 

Economic

Tracking the proportion of city budget devoted to natural resource conservation and/or biodiversity related 
work can provide insight and connection to social momentum and support for biodiversity in cities, as well as 
the ability to accomplish on-the-ground work. Economic assessments of ecosystem services can also measure 
buy-in for supporting biodiversity in cities and be used as educational and outreach materials. 

St. Louis has an urban monarch convservation program called Milkweed for 
Monarchs: The St, Louis Butterfly Project. ©Catherine  Werner.
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Protocol Consistency

Standardizing sampling protocols for the Urban Biodiversity Inventory Framework is a critical requirement of 
designing surveys that are replicable and producing results that are spatially and chronologically compara-
ble (Larsen, 2016). This is especially important for long-term monitoring efforts that aim to measure changes 
over time. While a standardized approach among all cities using the Urban Biodiversity Inventory Framework 
is preferable, each city may identify a methodology best suited for their species of interest and resources at 
hand. It is important to record and report the methodology used and remain consistent in protocols unless 
modifications are essential to its improvement. It is equally important that site conditions and day-of condi-
tions for sampling are kept as similar across sites as possible to reduce the impacts of confounding factors. All 
methodology will be improved with the use of non-biased approaches to data collection, appropriate sampling 
efforts and accurate reporting of data. The methodology below follows the assumption that the observers are 
properly trained, using methods to limit bias, and following designated protocol to ensure consistency among 
sites and years of sampling efforts.

Recommended Protocols - Track 2 and 3
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Objective and Purpose

Pollinators provide immeasurable benefits to both natural and anthropogenic ecosystems and global 
food security is dependent on their ecosystem services (van der Sluijs and Vaage 2016). Plant-pollinating 
invertebrate species include those that belong to the orders Hymenoptera, Diptera, Lepidoptera, and 
Coleoptera. Although there has been concern over declining worldwide pollinator diversity within the 
scientific community since the mid-1990s, mainstream concern over this issue is relatively new. Since 
pollinator diversity contributes to higher overall biodiversity within an ecosystem, monitoring the state of 
native pollinators is an important aspect of the Urban Biodiversity Inventory Framework (Eardley et al. 2006). 

Invertebrate Pollinators: Butterflies & Day-Flying Moths Track 2
Presence/Absence 

Data to be Entered into UBIF Database

 » City
 » Data Collector(s) 
 » Date
 » Location name
 » Ecosystem/habitat of interest
 » Taxonomic group
 » Species
 » GPS coordinates of transects (Lat/Long in decimal degree format)
 » Reference or city site
 » Presence or absence of target species

Additional Required Information to Record (see Data Collection Sheet)

 » Number and length of transects

Optional Information to Record (see Data Collection Sheet)

 » Start and end time of transect walks
 » Temperature, wind and weather (sunny, partly cloudy, etc.)
 » Dominant vegetation in the area and flowers that are in bloom

Sampling Protocols: 

Protocols adapted from those described in Arnold and Parrent (2014), Royer et al. (1998) and Van Swaay et al. 
(2012). 

Condition Requirements: 
 » Data collection should occur only when temperature is greater than 55℉ and wind is less than 15 mph. 
Some cloud cover is acceptable, but rain should be avoided. Collection time should occur between 3.5 
hours before and 3.5 hours after the sun is at its highest point. 

 » Data collection must occur over the course of the known flight period of the target species and within 
the post-rain flowering season, which varies by region. 

Establishing Transects:
 » Transect locations will be selected systematically within a site and should be restricted to one habitat 
and land-use type. It is important to consider available resources for the target pollinator when 
selecting transect locations. 

Invertebrate Pollinators
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 » The entire length of the transect should be exposed to sunlight. 
 » Transects do not need to be straight and can bend around structures (trees, bushes, etc.).
 » A total of twenty 50 m transects per site is recommended. Other combinations that add up to a total of 
1000 m per site may also be used, but be sure to keep transect lengths consistent across sites and over 
time.  

 » Permanent transects are recommended as long as the required resources for the target pollinator 
remains available. 
• Permanently mark the beginning and end of each transect using weather and fireproof markers. 
• If using permanent transects is not possible, keep transects in the same general area during each 

data collection period. 

Collecting Presence/Absence Data:
 » Starting from one end, walk the entire length of the transect at a slow and constant pace. 

• Time spent walking along each transect will depend on transect length. Overall effort should be 
kept consistent across all transects and sites.

 » Inspect the designated area around the transect for the target species. This area should include 
approximately 2.5 m to the right and left of the transect, 5 m in front of the surveyor, and 5 m above 
the ground (Figure 1). Surveyors will not inspect the area behind them.

 » If the target pollinator is seen at any point along the transect, the species is considered present. If 
target pollinator is not seen along the transect, then it is considered absent.
• Some pollinators can be difficult to identify from a distance (e.g. female butterflies of a certain 

species). In this case, the surveyor can use an insect net to capture and verify whether or not the 
individual belongs to the target species. If positive identification cannot be made in the field, a 
specimen should be collected for more detailed identification.

 » Presence/absence data should be collected from city and reference sites once per week over the course 
of the flight period. 

Invertebrate Pollinators
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Butterflies & Day-Flying Moths Track 3
Relative Abundance

Note: Track 3 data can be collected from the same sites and transects surveyed in Track 2. If Track 2 is not used, refer to 
Track 2: “Establishing Transects” for information on transect establishment within city and reference sites. Special permits 
may be required for collecting and marking pollinators. Verify any permits or wildlife regulations that may apply prior to 
conducting surveys.

Data to be Entered into UBIF Database

 » City
 » Data Collector(s) 
 » Date
 » Location name
 » Ecosystem/habitat of interest
 » Taxonomic group
 » Species
 » GPS coordinates of transects (Lat/Long in decimal degree format)
 » Reference or city site
 » Relative abundance (%) of target species

Additional Required Information to Record (see Data Collection Sheet)

 » Number and length of transects
 » Counts of target and non-target individuals

Optional Information to Record (see Data Collection Sheet)

 » Start and end time of transect walks
 » Temperature, wind and weather (sunny, partly cloudy, etc.)
 » Dominant vegetation in the area and flowers that are in bloom
 » Non-target species information 

Sampling Protocol    

Sampling protocols were adapted from those described in Arnold and Parrent (2014), Nowiki et al. (2008), Royer 
et al. (1998), Sutherland (2006), and Van Swaay et al. (2012).

Collecting Relative Abundance Data
 » Starting from one end, walk the entire length of the transect at a slow and constant pace. 

• Time spent walking along each transect depends on transect length and number of pollinators 
along the transect. Overall effort should be kept consistent across all transects and sites.

 » Inspect the designated area around the transect for all butterfly or moth pollinators. This area should 
include approximately 2.5 m to the right and left of the transect, 5 m in front of the surveyor, and 5 m 
above the ground (Figure 1 Appendix 1). Surveyor will not inspect the area behind them.

 » Butterflies and day-flying moths observed within the designated area around the transect will be 
counted as being either a target species or a non-target species.
• Some individuals can be difficult to identify from a distance (e.g. female butterflies of a certain 

species). In this case, the surveyor can use an insect net to capture and verify whether or not the 
individual belongs to the target species.

• Take care to avoid counting the same individual twice. 
• Two surveyors should work together when collecting data. One surveyor can walk the transect and 

verbally identify the individuals as target or non-target species, while the other surveyor records the 

Invertebrate Pollinators
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information. 
 » It is recommended that transect counts occur once per week over the course of the flight period. 

Calculating Relative Abundance
 » After each trap deployment period, counts will be summed for target species and non-target species for 
each transect. 

 » Relative abundance (%) for each transect will be calculated as the proportion of the individuals
 »  Relative Abundance (%) = [ (Number of target species) / (Number of target species + Number of non-
target)) x 100 ] 

Figure 1 Appendix 1. Starting from one end, walk the entire length of the transect at a slow and con-
stant pace. Inspect the designated area around the transect, which includes approximately 2.5 m to 
the right and left of the transect, 5 m in front of the surveyor, and 5 m above the ground. Surveyor will 
not inspect the area behind them. Image from Van Swaay et al. (2012).

Invertebrate Pollinators
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Bees, Wasps, & Flies Track 2

Presence/Absence 

Data to be Entered into UBIF Database

 » City
 » Data Collector(s) 
 » Date
 » Location name
 » Ecosystem/habitat of interest
 » Taxonomic group
 » Species
 » GPS coordinates of transects (Lat/Long in decimal degree format)
 » Reference or city site
 » Presence or absence of target species

Additional Required Information to Record (see Data Collection Sheet)

 » Number and length of transects

Optional Information to Record (see Data Collection Sheet)

 » Start and end time of transect walks
 » Temperature, wind and weather (sunny, partly cloudy, etc.)
 » Dominant vegetation in the area and flowers that are in bloom

Sampling Protocols 

Adapted from protocols described in Arnold and Parrent (2014), Pacheco (2012), Popic et al. (2013) and Ward et 
al. (2014).

Condition Requirements: 
 » Data collection should occur only when temperature is greater than 60℉, wind is less than 5.6 mph, 
and skies are mostly clear (partly cloudy is acceptable as long as you can still see your shadow). Optimal 
survey time may vary depending on target pollinator, but is typically between 11am and 4pm.  

 » Data collection must occur during the known flight period of the target species and within the post-rain 
flowering season, which varies by region.

Establishing Transects:
 » Transect locations will be selected systematically within a site and should be restricted to one habitat 
and land-use type. It is important to consider available resources for the target pollinator when 
selecting transect locations. 

 » The entire length of the transect should be exposed to sunlight. 
 » Transects do not need to be straight and can bend around structures (trees, bushes, etc.).
 » We recommended a total of four 100 m transects per site. Other combinations that add up to a total of 
400 m per site may also be used, but be sure to keep transect lengths consistent across sites and over 
time.  

 » Permanent transects are recommended as long as the required resources for the target pollinator 
remains available. 
• Permanently mark the beginning and end of each transect using weather and fireproof markers. 
• If using permanent transects is not possible, keep transects in the same general area during each 

data collection period. 

Invertebrate Pollinators
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Collecting Presence/Absence Data:
 » Starting at one end of the transect, walk the entire length of the transect at a slow and constant pace.

• Time spent walking along each transect will depend on transect length. Overall effort should be 
kept consistent across all transects and sites.

 » Inspect the designated area around the transect for the target species. This area should include 
approximately 2.5 m to the right and left of the transect, 5 m in front of the surveyor, and 5 m above 
the ground (Figure 1 Appendix 1). Surveyors will not inspect the area behind them.

 » If the target pollinator is seen at any point along the transect, the species is considered present. If 
target pollinator is not seen along the transect, then it is considered absent.
• Bees, wasps, and flies can be difficult to positively identify from a distance. The surveyor can use 

an insect net to capture and verify whether or not the individual belongs to the target species. If 
positive identification cannot be made in the field, a specimen should be collected for more detailed 
identification. 

 » Presence/absence data should be collected from city and reference sites on at least three occasions 
during the known flight period of the target species. 

Invertebrate Pollinators
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Bees, Wasps, & Flies Track 3

Relative Abundance

Note: Track 3 data can be collected from the same sites and transects that were surveyed in Track 2. If Track 2 is not 
used, refer to Track 2: “Establishing Transects” for information of transect establishment within city and reference sites. 
Special permits may be required for collecting and marking pollinators. Verify any permits or wildlife regulations that 
may apply prior to conducting surveys.

Data to be Entered into UBIF Database

 » City
 » Data Collector(s) 
 » Date
 » Location name
 » Ecosystem/habitat of interest
 » Taxonomic group
 » Species
 » GPS coordinates of transects (Lat/Long in decimal degree format)
 » Reference or city site
 » Relative abundance (%) of target species

Additional Required Information to Record (see Data Collection Sheet)

 » Size and type of trap used (pan vs. bowl vs. cup)
 » Number and length of transects
 » Amount of liquid used in traps
 » Trap placement (on ground vs. elevated)
 » Counts of target and non-target individuals

Optional Information to Record (see Data Collection Sheet)

 » Time pan traps were set out and retrieved 
 » Temperature, wind and weather (sunny, partly cloudy, etc.)
 » Dominant vegetation in the area and flowers that are in bloom
 » Non-target species information 

Sampling Protocol: 

Sampling protocols were adapted from those described in Arnold and Parrent (2014), Campbell and Hanula 
(2007), Droege et al. (2016), Lebuhn et al. 2016, Sutherland (2006) and Van Swaay et al. (2012). 

Collecting Relative Abundance Data
 » Pan traps should be white, fluorescent blue, and fluorescent yellow. Bowl or cup traps may be used 
instead, but trap type needs to be kept consistent across transects, sampling sites, and collection years. 
Standard trap size is 3.25 oz. 
• Trap type must be determined prior to the first data collection occurance so that all subsequent 

data are collected using the same trap type. 
 » 24 (8 of each color) traps will be evenly spaced along each transect alternating the three colors. 

• Traps can be placed either on the ground or elevated, but should be visible to pollinators (not 
covered by vegetation). 

• For elevated traps, it is recommended that they be placed 0.5 m above the ground. 
 » Fill the traps with water and a small amount of non-citrus scented detergent. Leave bowls out for 24 
hours. 

Invertebrate Pollinators
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 » After 24 hours, use an aquarium net to remove any bees, flies, or wasps from the liquid and discard 
any other individuals that may have been caught. Place all collected bees, flies, and wasps from one 
transect into a container with 70% (140 proof) alcohol and transport for later identification.
• All collected bees, flies, and wasps will be counted as either belonging to the target species or 

belonging to a non-target pollinating species.
 » Pan traps should be deployed on at least 7, evenly-spaced (weather-permitting) occasions over the 
course of the target-species’ flight period.

Calculating Relative Abundance
 » After each trap deployment period, counts will be summed for target species and non-target species for 
each transect. 

 » Relative abundance (%) for each transect will be calculated as the proportion of the individuals counted 
that belong to the target species. 

 » Relative Abundance (%) = [ (Number of target species) / (Number of target species + Number of non-
target)) x 100 ] 

Invertebrate Pollinators
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Beetles

Choosing Appropriate Sampling Methods

Suction Systems: Ground Beetles, Structure-attached Beetles

 Suction systems are an established method for sampling small invertebrates in grass or low vegetation 
habitats (Standen, 2000; Brook et al., 2008; Zentane et al., 2016). Multiple suction systems for small inverte-
brate collection have been modeled after the original D-Vac model. Suction systems for ground application 
consist of a vacuum apparatus and a wide-mouth suction head attachment with a defined area that can be 
applied to the ground to pick up lightweight invertebrates and funnel them into a prepared container with 
a preservative solution. Suction systems can also be used as an ‘Absolute’ sampling method for calibrating 
relative methods (Duelli et al., 1999). Using a suction system/aspirator, all arthropods larger than 2 mm are 
collected in a cubic tent with a ground surface of 2 m2. This allows for an absolute measurement of number of 
species in a defined area, which can be extrapolated to give abundance estimates for a larger site. 

Pitfall Traps: Ground beetles, beetles with ground movement

 Pitfall traps have been frequently used for sampling epigeal invertebrates. Though established as a 
qualitative sampling efforts, the use for quantitative sampling was realized. Pitfall traps are buried, nested 
containers that serve to trap ground-crawling invertebrates. Pitfall traps are inexpensive, transportable, and 
will capture a variety of species. Pitfalls are efficient for many beetle species across many habitats, especially 
larger sized beetle species. Researchers should be aware that this method is not a live-trapping method, so 
it may not be beneficial to use if targeting a limited population. Vegetative structure across comparison sites 
must remain consistent due to an effect on capture rate. Pitfall traps are sensitive to other biotic and abiotic 
factors, including species reactions to the attractant liquids, shape and size, and their natural dispersal abili-
ties (Woodcock, 2005; Brown and Matthew, 2016). Thus, the rate of capture may not accurately reflect popula-
tions of some species as well as comparison of multiple species’ abundance on the same site. When focusing 
on just one species of interest, consistency and standardization is crucial (Woodcock, 2005; Zhao et al., 2013).

Additional Methods

There are many other methods that may be used for arthropod collection besides those discussed below. For 
additional methodology, see the Inventory Methods for Terrestrial Arthropods: Standards for Components of 
British Columbia’s Biodiversity No. 40 publication (1998), which includes sampling methods for a multitude of 
arthropod species, including beetles. They also provide additional resources, such as references to data col-
lection forms, modifications on the approaches discussed below, and useful charts to help designate a study 
design (Table 1 Appendix 1).

Invertebrate Pollinators
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Beetles Track 2 & 3

Presence/Absence and Relative Abundance using Vacuum Apparati

Data to be Entered into UBIF Database

 » City
 » Data Collector(s) 
 » Date
 » Location name
 » Ecosystem/habitat of interest
 » Taxonomic group
 » Species
 » GPS coordinates (Lat/Long in decimal degree format)
 » Reference or city site
 » Target species presence or absence OR relative abundance (%)

Additional Required Information to Record (see Data Collection Sheet)

 » Suction level, type of device used, and any modifications made to the device
 » Defined amount of time of each touchdown

Optional Information to Record (see Data Collection Sheet)

 » Temperature, wind and weather (sunny, partly cloudy, etc.)
 » General site conditions
 » Vacuum system details
 » Dominant vegetation in the area
 » Height of the vegetation within each square

Suction Sampling

Vacuum/aspiration devices can be used to collect invertebrates from low vegetation, grass, litter and even 
high vegetation (with planning) (Duelli et al., 1999; Stewart et al., 2002; Brook et al., 2008, Zentane et al., 2016). 
While requiring the purchase of a vacuum system and associated materials, this sampling method is an effi-
cient way to sample species on a site in an exhaustive approach. With standardized methods, these vacuum 
systems can be used to determine presence/absence and species abundance at a site over time. There are 
two methods of sampling using suction apparati included below which will be discussed in more detail:

1. Suction sampling using vacuum apparati with a defined-circumference nozzle attachment 
2. Suction sampling using vacuum apparati in a tented enclosure

Suction Sampling with Nozzle Attachment

Commonly used devices for this sampling method include the Dietrick Vacuum system (D-Vac), Garden-blow-
er Vacuum system (G-Vac) and the Vortis™ system. The D-Vac and G-Vac systems have a mesh screen or bag 
within the suction hose to collect particles and invertebrates that are vacuumed up, which can later be sepa-
rated live or preserved using a solution. The D-Vac system is available to purchase, while the G-Vac system is a 
modified garden vacuum. Modification commonly entails cutting the collection pipe, with a net being inserted 
to catch particles (Stewart and Wright, 1995; Stewart, 2002; Cherrill, 2015). The Vortis™ system is a suction 
device that collects the invertebrates in a separate container with no nets or bags. The container can be filled 
with solution for preservation, or the individuals may be released afterwards. More information about the 
D-Vac and Vortis™ systems along with product information can be found here: D-Vac; Vortis™. 

Invertebrate Pollinators
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The above systems all possess or may be modified with a nozzle attachment that allows the system to be 
placed directly on the ground and vacuum up invertebrates within a defined circumference. This approach 
can be used with multiple ‘touchdown’ locations in a quadrat or along a transect. The sampled invertebrates 
can then be identified to genus or species, and abundance counts for a given area can be calculated through 
multiple touchdowns.

Suction Sampling Protocols using Nozzle Attachment 

Protocols adapted from those described in Cherrill and Rushton (1993), Cherrill (2015) and Zentane et al. (2016).

Condition Requirements: 
 » Suction sampling should occur on dry, warm days with little wind. Site features including vegetative 
structure, light level and weather patterns may influence presence of species. Cities should attempt to 
keep site features consistent across reference/city sites and sampling periods.

Establishing Survey Grids:
• On a site, randomly select a corner point for a 12 m x 20 m grid, consisting of fifteen 4 m squares

Collecting Data:
 » With your suction device assembled, begin collecting within the center of each 4 m x 4 m square. For 
each device, there are unique methods to ensure that the area of suction is defined and invertebrates 
around the perimeter do not get collected outside the nozzle area. Zentane et al. (2015) describes 
appropriate sampling methods for a G-Vac and Vortis™ system using touchdown methods. The 
appropriate D-Vac system methods can be found in Stewart and Wright (1995) and Stewart (2002). 

 » Be sure to keep suction level, type of device used, the operator name, and any modifications to the 
device consistent across sites and plots.

 » For any system, a defined amount of time must be determined for each touchdown.
• A total of 90 seconds may be used, with three rounds of 25 second touches following a 5 second 

hover. Some systems may have smaller increments, such as nine 10 second touches (Vortis™). 
• These increments may be chosen by the city, but the methods should remain constant for each 

square in the grid and each year of sampling.
 » The catch of collected invertebrates should be removed and placed in a larger container whenever the 
vacuum is not actively intaking air as to prevent loss of individuals.

 » After completion of the grid, the sampled individuals can be separated into larger containers for 
preservation and identified later, or identified to species or genus in the field if resources are available. 
The benefit of in-field identification is the ability to live-release, however, this may not be an option for 
more cryptic species.

Determining Presence/Absence 
 » Presence/absence of the target species will be determined for each survey grid

Calculating Relative Abundance
 » All individuals should be speciated and relative abundance will be calculated as the proportion of target 
beetle species to total collected beetle species

 » Relative Abundance (%) = [ (Number of target species) / (Number of target species + Number of non-
target)) x 100 ]

 

Invertebrate Pollinators
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Suction Sampling within a Tented Enclosure

This method uses the same vacuum devices (D-Vac, G-Vac, Vortis™) to collect all invertebrate species within a 
tented enclosure. This method may be better suited for higher vegetation, or species that cling to vegetation 
where a touchdown method is not suitable. In a tented enclosure method, a defined area (e.g. 2 m x 2 m) is 
exhaustively aspirated until all species have been caught in the area. This approach can be combined with a 
beating method where a white tray is placed under a plant which is then hit, causing the invertebrates to fall 
onto the tray. Description of beating and sweeping can be found in the Redmon et al. (2000) article. 

Suction Sampling Protocols within Tented Enclosure 

Protocol adapted from those described in Duelli et al. (1999).

Condition Requirements
 » Sampling should occur on dry, warm days with little moisture.

Establishing Tent Locations
 » Obtain a 2 m x 2 m mesh cubic tent that is completely enclosed with a metal frame around the bottom 
that can extend approximately 6 inches into the soil. 

 » Using stratified random sampling, define four points in each homogenous habitat to place a 2 m x 2 m 
tent. 

 » To place the tent, use an overarm approach and swiftly place the net down against the wind on the 
randomly selected point. This will limit escape of flying invertebrates due to disturbance of the net 
placement.

Collecting Data
 » Immediately after placing the net down, hammer the metal frame into the soil to prevent terrestrial 
beetles from fleeing the tented area.

 » Using a vacuum system (a compact, more portable model may be preferable due to the restricted 
space) systematically collect all of the species in the tent. Take care to collect all vegetation dwelling 
species which may not be apparent. A combined beating approach may be beneficial to ensuring all 
species are removed from the vegetation. 

 » After collecting all of the species in the area, immediately repeat the collection process two more times. 
This will serve as a calibration exercise to see the exhaustiveness of the first collection. 

 » Once calibration data is collected, repeat the tenting and one-time exhaustive collection method at all 
four points, recording site data at each point.

 » Species identification can occur in lab or in field, with either live or preserved samples. This is up to the 
cities discretion, though the approach should be consistent.

Determining Presence/Absence 
 » Presence/absence of the target species will be determined for each tent

Calculating Relative Abundance
 » All collected individuals should be speciated and relative abundance will be calculated as the proportion 
of target beetle species to total collected beetle species

 » Relative Abundance (%) = [ (Number of target species) / (Number of target species + Number of non-
target)) x 100 ]

Invertebrate Pollinators
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 Beetles Track 2 and 3

Presence/Absence and Relative Abundance using Pitfall Traps

Note: For presence/absence and relative abundance, there are multiple modifications that can be made to pitfall traps to 
increase efficiency, including small barriers to direct movement into the trap. Depending on the species of interest, each 
city should use their best judgement to decide on modification, but should remain consistent in their protocol. Brown and 
Matthew (2016) suggest a standardized approach for pitfall traps that is used below.

Data to be Entered into UBIF Database

 » City
 » Data Collector(s) 
 » Date
 » Location name
 » Ecosystem/habitat of interest
 » Taxonomic group
 » Species
 » GPS coordinates (Lat/Long in decimal degree format)
 » Reference or city site
 » Target species presence or absence OR relative abundance (%)
 »

Additional Required Information to Record (see Data Collection Sheet)

 » Transect or grid information (number, size/length, etc.)
 » Counts of target and non-target individuals (for Track 3 data only)

Optional Information to Record (see Data Collection Sheet)

 » Site and weather conditions
 » Non-target species information (for Track 3 data only)

Pitfall Sampling Protocol: 

Protocols adapted from those described in Garvey (2012) and Yekwayo et al. (2006).

Establishing Transects or Grids
 » Randomly select start points and direction of transects (if assessing multiple habitat types on one site, 
random stratified sampling is recommended). Systematic sampling through a grid approach may also 
be used.

 » If using transects, mark a point with an identifying marker every 20 m (smaller distances will work, but 
no less than 10 m).
• At each point, place four (4) pitfall traps in a square arrangement spaced at least 5 m apart. Greater 

than 5 m distancing has higher yield in invertebrate captures (Ward et al., 2001).
 » For the grid approach, randomly select a starting point in a homogenous habitat type, and mark points 
in a 5 m x 5 m arrangement spaced 10 m apart. At each point, place two pitfall traps.
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UBIF | 44

Appendix 1

Collecting Data
 » Each pitfall trap should consist of nested containers (Figure 2 Appendix 1) buried in the ground with lip 
flush to surface. Typical pitfall trap includes inner cup for easy removal (90-110 mm width and 90-110 
mm depth), transparent cup, transparent funnel and transparent rain guard. If rain is expected, use 
soil to raise the ground level up an inch. The inner container should have a preservative solution of 
a of propylene glycol and ethyl alcohol or water. Brown and Matthew (2016) recommend 100 ml of a 
suitable transparent, nontoxic killing preservative such as propylene glycol, with concentration clearly 
reported. When determining the amount of solution to use, the researcher should take into account 
temperature and evaporation rates.

 » A transparent funnel should be placed on top of the inner container to limit escape of fallen 
invertebrates as well as to lessen the chance of accidental small mammal trapping. 

 » The assembled pitfall trap should have a transparent cover on top (slightly lifted) to prevent excess 
precipitation from entering the solution.

 » The pitfall traps should be checked once weekly for the active season of the species of interest. To 
check, lift the cover, and pull out the inner cup containing the solution and the invertebrates. Pour 
the solution with the invertebrates over a wire mesh to collect, and place in a 70% alcohol solution to 
preserve for genus identification.

Determining Presence/Absence 
 » Presence/absence of the target species will be determined for each transect or grid

Calculating Relative Abundance
 » All collected individuals should be speciated and relative abundance will be calculated as the proportion 
of target beetle species to total collected beetle species

 » Relative Abundance (%) = [ (Number of target species) / (Number of target species + Number of non-
target)) x 100 ]

To improve efficiency of trapping, an attractant solution or a lighted pitfall trap may be used (Figure 3 Appen-
dix 1). Pit-light traps have better efficacy in catching beetles in forests, both in number and in diversity (Hébert 
et al., 2000). This trap type is particularly suited for nocturnal light-attracted species. Lighted pitfalls may arti-
ficially increase abundance calculations, so they are best used for presence/absence community composition 
studies.

Lighted pitfall trap: The trap is 38 cm in height and is made of two parts: a 1-L collection container inserted 
into the ground which has a diameter of 10 cm at its base and 13 cm at its rim, and an upper container which 
houses a 6-V lantern alkaline battery and a circuit for electronic control of a 1.8-W miniature blue fluorescent 
tube. Pit-light traps should be switched on at nightfall by a photoelectric cell and remained in operation until 
dawn. A cover should be used to prevent precipitation from entering (Hébert et al., 2000). A more complete 
description of the Luminoc trap and of its components can be found in Jobin and Coulombe (1994).

Invertebrate Pollinators
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Table 1 Appendix 1. Taxa Collected by Various Sampling Techniques. Image from Inventory Methods for 
Terrestrial Arthropods (Ministry of Environment, 1998).

Invertebrate Pollinators
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Figure 2 Appendix 1. Typical pitfall setup includes an inner cup for easy removal (90-110 mm width, 90-110 
mm depth), transparent cup, transparent funnel and transparent rain guard. Image from University of St. An-
drews (n.d.). 

Figure 3 Appendix 1. Lighted Pitfall Trap. Image from Hébert et al. (2000).

Invertebrate Pollinators
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Objective and Purpose

 Birds provide multiple services to biological, cultural, and systematic processes in the rural and urban 
ecosystem. Occupying multiple trophic levels, birds consume and manage populations of primary producers, 
serve as prey for consumers, and are key predators in the greater food web (Whelan et al., 2008). Birds con-
tribute to seed dispersal and pollination of plants, strengthening their importance in urbanized habitats with 
increased barriers to biodiversity. Due to their ability to move across habitat patches with little impedance, 
ease of monitoring, sensitivity to environmental change, wide range of taxonomy and relatively stable popu-
lations, birds can be an important indicator of biodiversity in urban settings where patchwork habitats domi-
nate the landscape (Eglington et al., 2012; Gregory, 2006; Whelan et al., 2008).

Appropriate Protocols for Species Groups

 The Point Count survey methods discussed below are recommended protocol for land birds including 
raptors and songbirds and some marsh birds, however, this method is not ideal for all birds. Please note if a 
ground nesting species is selected, nest surveys are a more suitable method and if a shorebird, cliff-dwelling 
or colonial species is selected, aerial surveys are preferred (Gregory et al., 2004). It is up to the city’s discretion 
to select a methodology best tailored for their species of interest and resources available. 

 For cryptic and shy species, tape playback (broadcasting recorded calls) may be beneficial for inciting a 
response and increasing the chance of identification. It is important to be mindful that broadcasting calls may 
induce a predatory interaction by enticing predators who recognize calls from prey species. If you see a preda-
tory bird arrive in the study site, immediately stop the tape playback. Additionally, the observers should move 
with as little sound and dynamic movements as possible to limit fleeing responses from bird species before 
identification. 

Birds
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Track 2

Presence/Absence

Data to be Entered into UBIF Database

 » City
 » Data Collector(s) 
 » Date
 » Location name
 » Ecosystem/habitat of interest
 » Taxonomic group
 » Species
 » GPS coordinates (Lat/Long in decimal degree format)
 » Reference or city site
 » Target species presence or absence

Additional Required Information to Record (see Data Collection Sheet)

 » Start and end time of survey at each point
 » Radius of observation

Optional Information to Record (see Data Collection Sheet)

Site:
 » Vegetative structure
 » Slope
 » Substrate/soil type
 » Proximity to infrastructure
 » Proximity to water
 » Noise level

Individual sighting:
 » Weather conditions
 » Behavior code (See Behavior Codes)
 » Physical characteristics
 » Broadcast recording information (file name, volume, speaker placement, etc.) 

 Note: This information is required if broadcasted calls are used

Sampling Protocols: 

Protocols adapted from those described in Gregory et al. (2004).

Condition Requirements: 
Select a time of year and day to perform the presence/absence survey that is most likely to result in a 
sighting of your selected species. Site qualities such as vegetation structure, slope, substrate, proximity 
to water, proximity to infrastructure (such as railroads and highways) may influence species presence. 
Weather, wind, noise level and other day-of site qualities may also influence presence. Therefore, it is 
crucial that as many of these elements remain consistent across sites to control variability in results. In 
general, it is recommended that surveys should be performed on low wind, warm, dry days. The hour 
after sunrise and the hour before sunset are considered prime survey times on a given day. 

Birds
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Selecting Survey Points:
 » Using random stratified sampling, select survey points within the site of interest. Be sure to sample 
a number of sites sufficient to confidently confirm presence or absence, taking territory and habitat/
vegetation preference for your species into account. 

 » Perform a preliminary visit to your selected GPS points, and mark each with a stake or other stable 
marker for future reference. 

 » If broadcasting calls over speakers, create a list of sound files used and establish an order of use. This 
will be repeated at each survey point as well as future surveys. 

Collecting Presence/Absence Data:
 » If using speakers to broadcast calls, arrange at 90° angles and begin broadcasting the sound recordings.
 » Determine a radius of observation (50-100 m recommended, depending on detectability of species of 
interest) to record all birds in. Keep this consistent across points, sites and time. Alternatively, cities 
can pre-emptively survey with multiple radii ahead of scheduled surveys and determine the range of 
detectability for the target species.

 » Record individuals seen within a defined time period, including flyover sightings (at least 5-10 minutes 
recommended). 

• Discernible descriptive features (eg. age, unique features, sex) and current behavior (see 
Behavior Codes) may be recorded, but is not required for presence/absence surveys.

 » Presence/absence will be determined for each survey point at city and reference sites.
• If target species is observed at a survey point, the species is considered present. If target species 
is not seen at a survey point, the species is considered absent. 

 » Repeat at remaining survey points

Note: Example field sheets for point count surveys can be found in the USDA Handbook of Field 
Methods for Monitoring Landbirds.

Track 3

Relative Abundance

Note: Track 3 data can be collected from the same sites and survey points surveyed in Track 2. If Track 2 is not used, refer 
to Track 2: “Selecting Survey Points” for information on survey point selection within city and reference sites.

Data to be Entered into UBIF Database

 » City
 » Data Collector(s) 
 » Date
 » Location name
 » Ecosystem/habitat of interest
 » Taxonomic group
 » Species
 » GPS coordinates (Lat/Long in decimal degree format)
 » Reference or city site
 » Relative Abundance (%)

Birds
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Additional Required Information to Record (see Data Collection Sheet)

 » Start and end time of survey at each point
 » Radius of observation

Optional Information to Record (see Data Collection Sheet)

Site:
 » Vegetative structure
 » Slope
 » Substrate/soil type
 » Proximity to infrastructure
 » Proximity to water
 » Noise level

Individual sighting:
 » Weather conditions
 » Behavior code (See Behavior Codes)
 » Physical characteristics
 » Broadcast recording information  
Note: This information is required if broadcasted calls are used

Sampling Protocol: 

Sampling protocols were adapted from those described in Reynolds et al. (1980).

Data Collection 
 » Arrange speakers (if using) at 90° angles, note position and sound level, and begin broadcasting the 
sound recordings.

 » Determine a radius of observation (50-100 m recommended, depending on detectability of species of 
interest) to record all birds in. Keep this consistent across points, sites and time. Alternatively, cities 
can pre-emptively survey with multiple radii ahead of scheduled surveys and determine the range of 
detectability for the target species.

 » Record individuals seen within a defined time period, including flyover sightings (at least 5-10 minutes 
recommended) within the defined radii. Discernible descriptive features and current behavior may be 
recorded, but is not required for presence/absence surveys (e.g. age, unique features, sex, Behavior 
Codes).

 » Record all instances of calls identified as the target species 
• Make note if the call is confirmed with a visual sighting.

 » Repeat at remaining survey points.

Note: Example field sheets for point count surveys can be found in the USDA Handbook of Field Methods for Monitoring 
Landbirds. 

Calculating Relative Abundance
 » Total the number of positive sightings for all species at each survey point.
 » Relative abundance (%) will be calculated for each survey point by dividing the number of target species 
counted by the total number of birds counted to generate a percentage.

 » Relative Abundance (%) = [ (Number of target species) / (Number of target species + Number of non-
target)) x 100 ]

Birds
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Objective and Purpose

 Plants, both woody and herbaceous, account for approximately 98% of the earth’s biomass (Larsen, 
2016). Aside from producing the oxygen we breathe everyday, plants are the foundation of the world’s food 
web and provide invaluable ecosystem services. Recent studies have shown that plant biodiversity is linked to 
increased ecosystem productivity (Reich et al. 2012). As urbanization and climate change continue to threaten 
local plant populations, maintaining plant biodiversity has become a priority for many cities. By monitoring 
long-term trends in plant biodiversity as a part of the Urban Biodiversity Inventory Framework, we will be able 
to better understand and mitigate the impacts of urbanization and climate change to local ecosystems. 

Track 2

Presence/Absence 

Data to be Entered into UBIF Database

 » City
 » Data Collector(s) 
 » Date
 » Location name
 » Ecosystem/habitat of interest
 » Taxonomic group
 » Species
 » GPS coordinates of each quadrat (Lat/Long in decimal degree format)
 » Reference or city site
 » Target species presence or absence

Additional Required Information to Record (see Data Collection Sheet)

 » Number and size of quadrats

Sampling Protocols: 

Adapted from protocols described in Clark and Perry (2009) and Roberts-Pichette and Gillespie (1999). 

Establishing Quadrats: 
 » Using systematic sampling methods, select permanent quadrat locations within each reference and city 
site. Each quadrat must contain the target species during the initial quadrat selection process. 
• We recommend a total of at least 10 quadrats spread out over 10 urban sites (one quadrat per city 

site) and at least 10 quadrats spread out over one reference site. The number of quadrats can be 
adjusted based on site conditions and available resources. 

• The recommended quadrat size is 1 m x 1 m. However, quadrat size can be increased or decreased 
to better fit target species, so long as the quadrat size is kept constant across all sites.

 » Permanently mark quadrats at the four corners using durable markers that can withstand normal 
weathering, such as star pickets or fence droppers. 

Vegetation: Plants
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Collecting Presence/Absence Data:
 » If target species is a flowering plant, sampling should occur when it is flowering for ease of 
identification (varies by species, but typically ranges from spring through mid-summer).

 » To visualize the border of the quadrat, wrap and tie a string around the four permanent stakes. 
Portable quadrat frames are another option, which can be made to size using wood or PVC pipe. 

 » Each quadrat will be marked as “present” if the target species is present within the quadrat or “absent” 
if the target species is absent from the quadrat.
• To be considered present, at least one individual of the target species must be rooted within the 

quadrat. 

Track 3

Relative Abundance

Note: Track 3 data can be collected from the same sites and quadrats surveyed in Track 2. If Track 2 is not used, refer to 
Track 2: “Establishing Quadrats” for information on quadrat establishment within city and reference sites.

Data to be Entered into UBIF Database

 » City
 » Data Collector(s) 
 » Date
 » Location name
 » Ecosystem/habitat of interest
 » Taxonomic group
 » Species
 » GPS coordinates (Lat/Long in decimal degree format)
 » Reference or city site
 » Relative abundance (%) of target species

Additional Required Information to Record (see Data Collection Sheet)

 » Number and size of quadrats
 » Chosen method of percent cover estimates (basal vs. aerial)
 » Percent cover estimates for target species, non-target species and bare ground

Optional Information to Record (see Data Collection Sheet)

 » Non-target species information including but not limited to:
• List of plant species present
• Individual estimates of percent cover for each non-target species

Vegetation: Plants
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Sampling Protocol 

Protocols adapted from those described in Caratti (2006), Elzinga et al. (1998), Eyre et al. (2011) and Natural 
Resources Research Institute (2011).

Collecting Relative Abundance Data
 » Within each quadrat, estimate percent cover of the target species. Percent cover is estimated as the 
proportion of ground covered from view by any part of a plant belonging to the target species when 
looking down at the quadrat from a bird’s-eye view. Use Figure 4 Appendix 1 as a guide to estimating 
percent cover.  
• Depending on the characteristics of the target species, it may be more appropriate to estimate 

basal cover instead of aerial cover (Figure ). This must be determined prior to the first data 
collection occurance so that all percent cover estimates are collected using the same methods. 

• If using the aerial method to estimate percent cover, an individual of the target species does not 
need to be rooted within the quadrat to be included in the estimate of percent cover.

• If using the basal method to estimate percent cover, an individual of the target species must be 
rooted within the quadrat to be included in the estimate of percent cover. 

 » Using the same methods for estimating percent cover of the target species (described above), estimate 
percent cover of all non-target species and percent cover of bare ground within the quadrat. 
• Each quadrat will have three estimated values of percent cover: percent cover of the target species, 

percent cover of non-target species and percent cover of bare ground.
• The three estimates of percent cover must add up to 100%

 » Percent cover of one plant can change significantly over the course of a year, so it is important that 
data collection be completed at the same time each year.

Calculating Relative Abundance
 » After each trap deployment period, counts will be summed for target species and non-target species for 
each transect. 

 » Relative abundance (%) for each transect will be calculated as the proportion of the individuals counted 
that belong to the target species. 

 » Relative Abundance (%) = [ (Number of target species) / (Number of target species + Number of non-
target)) x 100 ]

Vegetation: Plants
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Figure 4 Appendix 1. Estimate percent cover of a 
plant species as the proportion of ground covered 
by any part of a plant when looking down at the 
quadrat from a bird’s-eye view. Image from Eyre et 
al. (2011).

Figure 4 Appendix 1. Depending on the char-
acteristics of plant species present, it may be 
more appropriate to estimate percent cover 
using either aerial cover or basal cover. Image 
from Elzinga et al. (1998). 

Vegetation: Plants
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General User

Site Access 
 User access and logging in

1. Go to www.ubif.us and click on your city
2. Under the login area select “Create New Account”
3. Enter a Username and Email address then click the “Create New Account” button. This sends an 

automatic email to you verifying the request and to the City Site Manager notifying them of your 
request.

4. Once you have been authorized by the City Site Manager you can use the user and password 
created to log into the site. From here you will be able to access the following functions: 

  
City Home Page 

Welcome information and Important Documents

Individual cities will choose to post their own welcome information on the home page. Additionally ac-
cess to city specific species monitoring protocols & other important documents  will be posted on the 
city homepage under “Documents.”  The User Menu (to the left) includes options for adding data to the 
site, while the top bar menu includes summary data tables and data downloads. These features are 
described in detail below.

Adding Data - Web Forms

Computer or mobile device compatible 

Inputting data through web forms can be done with links found in the User Menu section to the left of 
the city homepage. Three different categories of data entry are available: Add Data Collector, Add Land 
Use, Add Species detection. 

 
     Add Data Collector 

A Data Collector is a person and their associated organization that is responsible for collecting the data 
that will be entered later under the Add Species Detections page. The Data Collector should be able to 
answer questions about the data and how it was collected, as well as serve as a long term contact. For 
example, if a graduate student collected the data they should be mentioned in the “Additional Informa-
tion” section. However, the advising Professor should be the Data Collector contact. 

           Adding Data

Click the Add Data Collector link in the User Menu. Fill out the form fields with the appropriate informa-
tion under name, organization, phone number, email and  additional information. When finished click 
the “Save” button at the bottom. After saving a confirmation screen will show the data entered and 
provide the opportunity to edit or delete the record (using the Edit tab) if a mistake was made. 

  
 
     Add Land Use Data 

Land use data is a measure of available habitat area within the city. The time that input data was mea-
sured should be entered into the Date field. For example, if the calculation of percent greenness/opens-
pace and percent protected area was conducted using land area values from July 7, 2008, then the data 
of data collection would correspond to that date. 

Web “How To” Guidelines for the UBIF Online Platform
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Percent greenness/openspace should be calculated as a proportion of the city boundary area (green-
ness/openspace divided by total city area x 100). Greenness and openspace are two possible ways to 
measure potential habitat areas within the city (such as vegetation cover or undeveloped area). It is up 
to individual cities to decide exactly what parameter(s) will be used. Whatever the choice, it is critical 
that the method is consistently applied each time a value is generated. This information should be de-
scribed and added to the “Documents” section on the city homepage. Similarly, percent protected area 
should be calculated as a proportion of the city boundary area (protected area divided by the total city 
area x 100). Protected areas include parks and natural areas that are not at risk of development. 

A table of the land area values for greenness/openspace, protected area and city area boundary should 
be maintained and saved in the “Documents” section on the city homepage for reference. These data 
are particularly helpful to reference for interpretation of data as city boundaries expand over time, 
altering proportion calculation results. 

Adding Data

Click the Add Land Use link in the User Menu. Here you will find data fields for  Date, Percent Green-
ness/Openspace and Percent Protected Area. Following guidelines above on the types of information 
that should be entered and how to generate proportion values enter the appropriate values into the 
data fields and click the Save button. After saving a confirmation screen will show the data entered and 
provide the opportunity to edit or delete the record (using the Edit tab) if a mistake was made. 

    Species Detections 

This data entry form includes fields needed for Track 1, Track 2 or Track 3 data collection methodolo-
gies. Track 1 data includes opportunistic species records and the inclusion of partner data from other 
agencies or organizations that are collecting biological data within the city. Track 2 and 3 data require 
cities to make certain decisions before data collection can begin, including the selection of surrogate 
species based on habitats of interest, reference and city sites to conduct monitoring and specific moni-
toring protocols to be used. Your city contact person will provide the appropriate guidance on species, 
monitoring locations and selected protocols. Track 2 data collection involves monitoring sites for pres-
ence/absence of surrogate species and Track 3 methodology measures the relative abundance of surro-
gate species. Depending on the taxa group and species selected, different monitoring protocols should 
be considered. Relative abundance calculations for Track 3 data and selected monitoring protocols 
should be described and added to the “Documents” section on the city homepage. The same methods 
should be followed each time data is collected to ensure consistent and reliable results. 

For more detailed information about Track 1, 2 and 3 methodology see the full Framework document 
posted on the homepage at http://ubif.us and linked in the heading description on the Create Species 
Detection page. 

Adding Data

Click the Add Species Detection link in the User Menu.

Note: If adding data on a mobile device, the user will need to allow the site permission to “know your location” as 
this will allow coordinate data to be added automatically. When accessing the “Add Species Detection” section a 
pop up box will ask for this permission. Click “Allow” to enable the feature. 

Web “How To” Guidelines for the UBIF Online Platform
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Here you will find data fields for date, organization, data collector, location name, habitat of interest, 
taxonomic group, species, location (lattitude and longitude), reference or city site, presence/absence 
and relative abundance. Required data fields are starred with an asterix (*). These fields coincide with 
Track 1 data collection. If the data being entered is following the Track 2 methodology then the addi-
tional fields of reference/city site and presence/absence should also be completed. If the information 
entered is basic Track 3 data (i.e. minimum requirements for Track 3) then additional data fields to be 
completed include reference/city site and relative abundance. 

Following the guidelines above and with direction from your city contact as well as information provid-
ed in the recommended monitoring protocol sheets, appropriate decisions can be made on the types 
of information that should be entered. Once the appropriate values have been entered into the data 
fields, click the Save button. After saving, a confirmation screen will show the data entered and provide 
the opportunity to edit or delete the record (using the Edit tab) if a mistake was made. 

     Editing Records

As data form entries are completed there is an immediate review screen and edit option for each re-
cord. Additionally through summary tables “edit” options are available for records authored by the user 
in the Operations column. 

Uploading Data (csv) - Species Detection Import

Batch uploads of previously collected data 

The ability to input data by uploading a .csv file are found on the User Menu of the page. Before at-
tempting to upload a .csv file certain formatting guidelines must be followed to ensure a smooth merge 
of the new data: 

1.  Columns should be listed in the following order on the .csv to be uploaded:
Organization name, Contact name, Date of data, Location Name, Latitude, Longitude, Ecosystem/habitat 
of interest, Taxonomic Group, Species, Presence/Absence, Reference or city site, Relative Abundance.

2.  Organization name and contact name should already exist in the database. If the Organization and 
contact name has not been previously entered it should be added at the Add Data Collector sidebar 
menu before the .csv file is uploaded. 

3.  Be sure that dates in the .csv file are entered in the “n/j/y” format. For example data collected on Au-
gust 3rd 2009 should be entered as 8/3/09. Note: .csv files will sometimes default back to the mm/dd/yyyy for-
mat when the file is closed and reopened. Highlight the date of data column, right click and select “format cells”. 
Under the “Category” section click on “Date”. In the “Type” section click the example with the appropriate format 
“3/14/01” then click the “Okay” button at the bottom of the window. Save the file and attempt to upload again. 
In order to limit typos and duplicate information, any new data categories (i.e. Location names, species 
names, taxa groups etc) will have to already exist in the online database for the table to merge proper-
ly. This can be done ahead of time by the City Site Manager (see Content Categories (Taxonomy) sec-
tion). 

Once the .csv file is in the proper format, click on the “Species Detection Import” link in the User Menu. 
Here you click the “choose file” button, navigate to the .csv file on your computer, select the file and 
click “open”, then click the upload and import button. 
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Data Summary Tables 

The data summary tables can be found along the top bar menu of the site. These tables display col-
umns of information based on the input data forms and shows rows of data from each record that has 
been created. Individual tables are available for each data form: Data Collector, Land Use and Species 
Detections. 
 

     Data Collector Table

This table summarizes the information that has been entered under the “Add Data Collector” sidebar 
menu. The first column titled “Author” is the login name of the person who logged into the site and cre-
ated the record(s). The following columns of information, Person’s name, Organization, Phone number, 
Email and Additional info, reflect previously entered values. 

The “Operations” column provides links to edit or delete data rows. You will only have access to edit or 
delete records you have created. Other users data can only be edited by a City Site Manager. 

The column data can be sorted alphabetically or numerically in ascending or descending order by click-
ing on the column title. For example by clicking on “Organization” these data will be sorted from A to Z, 
if “Organization” is clicked again, the data will then sort from Z to A. 

     Land Use Data Table

This table summarizes the information that has been entered under the “Add Land Use” sidebar menu. 
A date range of one year and 20 records per page is displayed as default when first viewing the Land 
Use Data Table page. In order to view data from previous years and/or more records per page, you 
must change these values. This can be done by editing the “Date From” and “Date To” boxes and chang-
ing the “Items per Page” drop down list at the top of the page, then clicking the Apply button. 

The “Operations” column provides links to edit or delete data rows. You will only have access to edit 
or delete records you have created. Other authors data can only be edited by a City Site Manager. The 
“Author” column is the login name of the person who logged into the site and created the record(s). The 
following columns of information, Date of Data, Percent greenness/openspace and Percent protected 
area, reflect previously entered values. 

The column data can be sorted alphabetically or numerically in ascending or descending order by click-
ing on the column title. For example by clicking on “Percent protected area” these data will be sorted 
from smallest to largest value, if “Percent protected area” is clicked again, the data will then sort from 
largest to smallest. 

     Species Detection Table

This table summarizes the information that has been entered under the “Add Species Detection” side-
bar menu. A date range of one year is displayed as default when first viewing the Species Detection Ta-
ble page. In order to view data from previous years, you must change these values. This can be done by 
editing the dates in the “Date From” and “Date To” boxes at the top of the page, then clicking the Apply 
button. 

Data in the table can also be filtered by one or more species detections. All species are selected by 
default. By clicking on a species name in the “Species” box at the top of the page and then clicking the 
Apply button, only those species records (for the date range selected) will display in the table below. 
Multiple species can be selected by holding the control key (PC), or command (MAC) and clicking multi-
ple species names.   
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The “Operations” column provides links to view, edit or delete data rows. You will only have access to 
edit or delete records you have created. Other authors data can only be edited by a City Site Manager. 
The “Author” column is the login name of the person who logged into the site and created the record(s). 
The following columns of information, Organization name, Contact name, Date, Location, Latitude, Lon-
gitude, Ecosystem/habitat of interest, Taxonomic Group, Species, Presence/Absence, Reference or City 
site and Relative abundance, reflect previously entered values. This table has many columns and so you 
will likely need to use the scroll bar at the bottom of the table to see all the data. 

The column data can be sorted alphabetically or numerically in ascending or descending order by click-
ing on the column title. For example by clicking on “Taxonomic Group” these data will be sorted from A 
to Z, if “Taxonomic Group” is clicked again, the data will then sort from Z to A. 

Downloading Data (csv) - Land use and Species detection tables

Land use and species detections data tables can be downloaded in csv format for manipulation and cal-
culation in excel, input to a spatial geodatabase and/or upload to statistical software such as R or other 
applications. 

 
 Land use data 

Go to the “Land Use Data Table” in the top menu bar. 
Scroll to the bottom of the table and click the .csv button. After a few seconds a box will appear allowing 
you to choose where to save the .csv file. Select the location and click the “Save” button. 

 Species detection data

 Go to the “species Detection Data Table” in the top menu bar. 
Scroll to the bottom of the table and click the .csv button. After a few seconds a box will appear allowing 
you to choose where to save the .csv file. Select the location and click the “Save” button. 

City Site Manager

All functions accessible by a General User are available to a City Manager plus the following:

User Permissions & Access Control  

An auto generated email is sent to the City Manager when a new user requests access on the city home-
page. Notifying the City Site Manager that the user needs to be granted site permissions. New and exist-
ing users are displayed in a table under the “People” link at the top of the page. 

Columns include: 
• Name (username and email) 
• Domain (aka city) 
• Active (yes/no) 
• Role (User (aka General User), City Manager (aka City Site Manager), Power Manager (aka Site 
Manager), Admin) 

• Last access date 
• Operations (edit/cancel account options)

The “Edit” link found under the Operations column allows the City Manager to edit user details, change 
passwords, activate or deactivate the account and add extra permissions (to City Site Manager level) for 
the given user. 
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City Homepage & Important Documents Editing

The City Site Manager is able to edit the city homepage including changing the text, adding pictures etc. 
These functions are accessed through the Edit tab in the body of the city homepage. Once updates are 
complete there are options to “Save” “Preview” or “View Changes” to the site. For final edits to display 
on the page, click the “Save” button.  

The “Add Document” link in the User Menu allows the City Site Manager the ability to upload documents 
to the site providing a record of protocols and important information associated with the Urban Biodi-
versity Framework and makes those documents accessible for General Users. After clicking “Add Doc-
ument” the Create Document page provides a “Name of document” box. This will be the display name 
of the document on the home page. Then click the “choose file” box to navigate your files to find the 
document you wish to upload. Select the file, click open, then the Upload button to add the document 
to the site. 

     Editing Data Records

While viewing the summary tables (as described under the General User section above), the “Opera-
tions” column will provide “edit” options for all records. When edits are completed click the “Save” but-
ton at the bottom of the page to update the record. 

 
     Content Categories (Taxonomy)

The ability to add/edit terms that populate the data entry fields on the site are accessible from the “Tax-
onomy” link at the top of the page. On the Taxonomy page a table with “Vocabulary Name” and “Opera-
tions” columns is appears. By clicking the “list terms” link in under the “Operations” column a new page 
appears where the fields can be edited directly. **Caution** currently all categories are shared across 
all cities so be careful not to erroneously edit a category belonging to another city.  Click the “Save” 
button at the bottom of the page when finished editing. When a new term is added or edited it will then 
be displayed in the dropdown menus when entering data.

Data form content categories available

• Ecosystems/habitat of interest - examples: oak woodland, chaparral, vernal pools
• Taxa groups - examples: birds, land snails, plants, butterflies, bees
• Species names - examples: Tufted titmouse, Rana draytonii, Castor canadensis
• Location - examples: Gateway Park, Forest Park, Oaks bottom natural area
• Organization - examples: Unversity of Pennsylvania, Presidio Trust, City of Portland
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