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Background and Introduction:
Rapid loss of biodiversity is a global crisis. This loss of biodiversity is of critical concern, given that an
increasing amount of research indicates that diversity plays an important role in long-term ecosystem
functioning and sustainability (Groombridge and Jenkins, 2002). While many efforts aimed at mitigating
such reductions have focused on preserving large, intact natural habitats, preserving biodiversity should
also be an important goal in the increasingly urban environment. Because built landscapes are
increasingly large, they can be an important component of regional or global biodiversity. They also
offer an opportunity to connect large numbers of people to nature and to teach environmental
processes and conservation.
An increasing body of research shows that urbanization greatly alters plant and animal species diversity
and abundances in both negative and positive directions. The degree of impact often varies with
taxonomic group, spatial scale of analysis, and intensity of urbanization. Within the increasing urbanized
sphere, biological communities are usually radically altered in terms of species composition,
abundances, richness and evenness. Many urban-gradient studies show that, for many taxa, for
example, plants (see Kawarik 2008, McKinny 2006) and birds and butterflies (Blair and Launer 1997), the
number of nonnative species (including invasive species) increases toward centers of urbanization, while
the number of native species decreases.
Burghart et al. 2009 indicated that “managed landscapes in which nonnative ornamental plants are
favored over native vegetation now dominate the United States, particularly east of the Mississippi
River.” This is particularly true in regions or states with more rapid population growth or other strong
anthropogenic pressures (such as tourism). For example, as of July 1, 2015, Florida had an estimated
population of 20.27 million and boasted the highest into state migration rate nationally
(https://www.census.gov/quickfacts/table/PST045215/12). The resulting population influx continues to
lead to a significant increase in urban development and suburbanization and a corresponding loss of
natural habitat or greenspace. The use of a conventional approach to landscaping with turf and
ornamentals farther impacts biodiversity. Over a decade ago, Nagata (2003) estimated that some four
million acres of managed turfgrass occurs in Florida, with 75% of these as residential lawns. Such
artificial environments tend to exclude or limit native plants and provide reduced resources and habitat
for wildlife. However, several studies indicate that some biodiversity measures improve with the use of
native plants. Bird (Mills, Dunning, & Bates, 1989; MacGregor-Fors, 2008), native bee (McIntyre &
Hostetler, 2001), and butterfly (Collinge, Prudic, Oliver, 2003) diversity were all shown to increase with
the increased presence of native plants.
Anecdotal evidence suggests Florida’s native plants are superior to many nonnatives in providing
resources for wildlife. However, there is very limited direct scientific data on the utilization of plants in
Florida’s urban landscapes by native wildlife (primarily beneficial insect such as butterflies, pollinators
and predators/parasitoids). Many global studies have indicated that native pollinators are primarily
attracted by native plant species (Biesmeijer et al. 2006). Plant pollination provided by insects is an
ecosystem service that is essential to agricultural productivity, human economic security, global food
webs, and protection of biodiversity. Recent evidence has pointed to substantial losses of pollinators in
many regions of the globe from anthropogenic sources, with the strongest data coming from Europe
2

and North America. Loss of pollinator diversity can have significant spillover impacts to natural
communities and agricultural productivity including decreased crop yields, higher commodity prices,
increased vulnerability of some plant species to extinction, and ecosystem disruption. Habitat
degradation and loss are leading factors driving the downward trend of pollinator populations. While
much recent attention has been placed on alternative management approaches in agricultural systems,
it is clear that effective pollinator conservation must comprehensively be incorporated into the broader
environment, with overall efforts involving landscapes well beyond the farm boundary (see the National
Strategy to Promote the Health of Honey Bees and Other Pollinators:
https://www.whitehouse.gov/sites/default/files/microsites/ostp/Pollinator%20Health%20Strategy%202
015.pdf). As managing for mobile organisms such as insect pollinators and the services they provide
requires considering not only the local scale where services are delivered, but also a landscape scale that
reflects both the spatial distribution of resources and the foraging and dispersal movements of the
organisms themselves (Kremen et al. 20117), the gradient to be considered extends from natural and
agricultural lands through suburban landscapes to an urban core.
With this in mind, there is a need to gather additional data that evaluates the relationships between
wildlife and native plants in increasingly built landscapes. By providing evidence of this link, best
practices for urban/suburban landscapes could be supplemented to include more native plants, which
could therefore benefit a greater diversity of wildlife, including pollinators.
The resulting project called “Plant for Wildlife” evaluated the relationship of three types of Florida
suburban landscapes – native plants, Florida Friendly Landscaping, and nonnative (exotic) – to
attract/benefit native wildlife, specifically mobile insect pollinators essential to Florida’s ecology and
economy. This research project was funded by the direct support of the Florida Wildflower Foundation
through a grant provided to the University of Florida.

Goals and Objectives:
The project’s main conservation goals were to:
1). Compare at least 30 native (high plant diversity of native plants, woody and herbaceous), Florida
Friendly Landscaping (http://fyn.ifas.ufl.edu) (increased diversity of native and nonnative plants, woody
and herbaceous) and conventional nonnative (low plant diversity, non-native, primarily
woody)residential landscapes for their abilities to attract and sustain Florida native wildlife, specifically
mobile insect pollinators.
2). Collect data for use in current and future projects, including the development of scientific papers and
educational publications (best practices) targeted to landscape architects, landscape maintenance
workers, business owners, homeowners, and state and local governments.
3). More intimately connect property owners to their landscape and the biodiversity it contains and
supports.
4). Use findings to augment University of Florida’s Florida Friendly Landscaping list of plants – i.e. those
plants that provide increased value to attracting wildlife.
The project’s main research goals were to:
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1). Evaluate the ability of three types of Florida suburban landscapes – native plants, Florida Friendly
Landscaping, and nonnative (exotic) – to attract and sustain wildlife, specifically mobile insect
pollinators:
2.) Document the presence (thus attraction) of wildlife (i.e., beneficial insects, pollinators) in each type
of landscape.
3. Record and evaluate organism interactions with each type of landscape (where possible) and the
proximity of each suburban landscape site to established natural habitats vs. developed (matrix) areas.
Expected outcomes of the project were to:
1). Increase our understanding of how suburban landscaping practices influence wildlife presence,
species richness, and habitat use in residential habitats.
2). Increase our understanding of the relative use of different types of landscape plants and their wildlife
attraction value/potential.
3). Utilize the results to help develop appropriate best practice recommendations for suburban
landscaping practices. As many native and nonnative plants used in Florida landscaping have broader
range use than simply the boundaries of the state, it is anticipated that such recommendations will be
applicable to a more regional (Southeast) scale.
4). Incorporate the lessons learned into future similar research projects and related studies.
Study Predictions:
1). Mobile insect diversity (specifically insect pollinators and other beneficial insects) will be positively
correlated with native plant occurrence and diversity.
2). Mobile insect pollinator diversity will be positively correlated with the availability of flowering plant
species (resource availability).
3). Homeowners involved in the study will have increased awareness of how their landscape affects and
attracts wildlife.

Methods:
Study System and Yard Selection:
The 3-year comparative study was conducted throughout north-central Florida residential communities
consisting of a total of 35 suburban yards in Alachua County Florida, primarily in or near the city of
Gainesville. A broad solicitation requesting volunteer suburban homeowner participation in the study
was conducted via email (local groups/societies, FLMNH, UF, Extension, etc.) (see sample solicitation
request in Appendix 1). Based on research, and stakeholder and homeowner feedback, the target yard
size for use in the study was determined to be 0.25-0.5 acres. This size range aligned most closely with
the contemporary suburban neighborhood community developments in the area. Following interest for
inclusion in the study by a homeowner, each potential yard was evaluated for appropriateness based on
several criteria. These included lot/parcel size, landscape, geographic location (within Alachua county),
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ease of access, and homeowner commitment to study duration. Lot/parcel size was verified via the
Alachua Property Appraiser (http://www.acpafl.org/) (See Figures 1 & 2 below).

Figure 1. Example property view from Google maps via Alachua County Property Appraiser’s website
(http://www.acpafl.org/).

Figure 2. Real Property viewer mode of Alachua County Property Appraiser’s website
(http://www.acpafl.org/) showing example lot/parcel details including acreage.
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Landscape, ease of access, and homeowner commitment was assessed via individual site visits and
meetings with homeowners.
Following a comprehensive evaluation of all potential properties, a total of 35 yards were selected and a
HOMEOWNER PERMISION TO ACCESS PROPERTY AGREEMENT was secured from each homeowner (see
sample agreement form in Appendix 2). In addition, each UF Plant for Wildlife employee was asked to
sign WAIVER OF LIABILITY AND HOLD HARMLESS AGREEMENT with UF owing to the potential presence
of European honey bees on some properties (see sample liability form in Appendix 3).
Baseline Surveys and Property Metrics:
Comprehensive baseline vegetation surveys were conducted for all properties in year 1. This included a
complete botanical inventory of all woody and herbaceous plant species and total plant numbers of
each species. The exact linear distance from each property to the nearest greenspace was also recorded
via ArcGIS. Distances had a continuous range and were calculated based on the shortest linear distance
from each property margin to the margin of the nearest available greenspace. For purposes of this
project, greenspace was defined as any non-developed “natural” vegetated land parcel (conservation
land area, park, utility easement, wooded waterway, etc.) that could potentially serve as a habitat
source for mobile organisms (assuming a more generalized metapopulation model). We additionally
worked with homeowners regarding future survey requirements (yard access, frequency of visits, etc.)
to ensure compliance.
All property and vegetation data was entered into Excel and maintained electronically on a secure
shared Museum drive. Due to the wide variation in yard composition, properties were not initially
categorized as native, Florida Friendly, or nonnative (conventional). Instead, we assigned each recorded
plant species to one or more of the three categories following initial data entry. Thus, the vegetation
data and the greenspace distance data were considered continuous not categorical for the purposes of
analysis.
Vegetation and Organism Data Collection (Years 2-3):
Field sampling for years 2 and 3 occurred March- October 2013 and March-October 2014. A new
comprehensive baseline vegetation surveys was conducted for each property during March of each
project year to verify and update as needed all woody and herbaceous plant species present and the
total plant numbers present (see Figure 3). The number of blooms for any flowering species were also
recorded during all baselines surveys. Additional regular floral surveys (as an indicator of floral resource
availability for pollinators) were conducted on a bimonthly during the sampling season: March, May,
July, and September. For each property, the total number of blooms for each flowering plant species
present were recorded. A detailed schedule and sampling protocol was developed and maintained by all
field personnel to facilitate effective project coordination (see Appendix 4 for a copy of the PFW
Sampling Protocol). Due to the total number of houses, travel distances, sampling time and weather
impacts, the PFW sampling required 4-5 days per week during the entire sampling season.
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Figure 3. Plant for Wildlife Field Technician conducts baseline vegetation survey on participating
property.
Checklist counts and passive trapping (pan trapping) was used to record other wildlife (insects,
insectivorous birds). Pollinators/mobile insects were sampled passively using pan traps of 4 different
colors (white, blue, red and yellow). Pan traps (colorful bowls filled with soapy water) (see Figure 4) are
useful for pollinator/mobile insect surveys as they help eliminate collector bias, are relatively
inexpensive, are easily replicated, and can be used over a long period of time at multiple sites
simultaneously. This method is particularly effective at collecting numerous species of flower-visiting
mobile insects. It was additionally chosen due to the large number of survey sites and the inability to
employ alternate methodology (such as hand netting due to potential plant/floral/landscape damage).
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A

C

B

Figure 4. Insect pollinator sampling and specimen organization. A. Typical pan trap set-up showing four
different color bowls for passive insect collection; B. Jaret Daniels in an example location filling pan traps
with soapy water; and C. Specimen jars with insects in alcohol prior to identification. Each jar has
separate code/data system which pertains to property location, pan trap color and date of initial
collection.
A

B

Figure 5. Insect identification. A. Laboratory technician using dissecting scope to identify insect samples.
B. Post-identification storage of samples in ethanol.
Each property was visited twice a month (PM sample, and AM sample) (see Appendix 4 for a copy of the
PFW Sampling Protocol). During each visit, a 10 - minute visual checklist count was conducted. The
observed species, number of individuals, activity, and location were recorded. The researcher,
temperature (⁰C), cloud cover, and time was also recorded for each visit because various environmental
factors can affect which species are observed.
Two sets of pan traps were deployed at each property, one set of bowls in the front yard, and one set of
bowls in the back yard. All pan traps were placed at ground level and remained in the field for 24 hours
prior to be retrieved. At the end of the sampling period, pan trap contents were strained, grouped and
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labeled. The date, property, and pan color in which it was collected were recorded for each sample. All
samples were stored in a freezer until detailed specimen identification could be completed. Each insect
specimen was identified to the lowest taxonomic level possible (most to family) and then pinned or
preserved in alcohol (see Figure 5). Following identification, all samples were maintained in ethanol.
Following all data entry, insect families were categorized into two primary groups: pollinators (insect
families that linked to potential or know pollination service) and non-pollinators (insect families not
linked to pollination or for which pollination service was unknown).
Summary of Study Metrics and Variables:
1.
2.
3.
4.
5.
6.
7.
8.

A total of 35 suburban properties in Alachua County
All properties between 0.25-0.5 acres each
Linear distance from each property to nearest greenspace
All woody and herbaceous plants surveyed; total number of species and total number of
plants per species recorded
Each recorded plant species categorized as native, Florida Friendly or nonnative
Total number of blooms recorded for all flowering plant species
Checklist counts of insect pollinators and insectivorous birds
Passive samples of mobile insects via pan traps

Results:
Vegetation Surveys:
A final summary of all annual comprehensive baseline vegetation surveys (complete botanical inventory
of all woody and herbaceous plant species and total plant numbers of each species) and bimonthly
bloom count surveys (along with all insect surveys) is summarized below in Table 1. The few
discrepancies are a result of changes in property access over the course of the study (sale of property,
etc.).
Table 1. Number of sampling events per location for vegetation and insects.
Sites

Vegetation

Bloom

Insect

Adkins703

2

9

16

Arthur1714

2

9

16

Brady4939

2

9

16

Breil9273

2

9

16

Brown3242

2

9

16

Bryan3663

2

9

15

Campbell2210

2

9

16
9

Colaroulli1417

2

9

0

DoddsWulff2450

2

8

16

Edison700

2

9

16

Elston3702

1

9

15

Fuller4114

2

9

15

Halbritter520

2

9

0

Holderman520

0

0

15

Johnson3916

3

9

14

Kirk1019

2

9

16

Kline5108

2

9

14

Lane411

2

9

16

Lighthipe1200

2

9

16

Link5727

3

9

14

McDow4103

2

9

14

Moran1030

1

4

16

Moss4104

2

9

15

Neece711

2

9

16

Norman2331

2

9

16

Nugent6406

2

9

15

Paris1935

2

9

16

Pence318

2

9

15

Pereira5825

2

9

15

Prizzia2530

2

9

16

Rice6716

2

9

16

Richards3906

2

9

16

Santello1326

2

9

15

Seitz5330

2

9

16

Showalter312

2

9

16
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For all vegetation data, the abundance (Number of individuals or Number of Blooms), Richness (Number
of Species or Number of species with blooms) and diversity (Figures 6 and 7) were calculated. Diversity
was calculated using the exponential of the Shannon Index which weights the number of species by the
abundance of each species. It informs about the dominance or evenness of the community. The
exponential of this index provides a measurement of Effective number of species, essentially how many
species would you expect if all of the individuals where represented by the same number of individuals.
The mismatch between the richness and the effective number of species informs about the dominance
or evenness of the community.

Figure 6. Raw data describing the data for plant and bloom counts. The x axis represents the Julian date
of the year in which the survey was performed.
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Figure 7. Summary statistics for the plant and bloom counts among properties. The points represent
mean values and error bars represent standard error of the mean (i.e. standard deviation/sqrt(Number
of Surveys)).
For the comprehensive vegetation surveys, the total number of species, number of individuals (blooms)
and diversity remained relatively stable or consistent across years. As for the floral surveys, the total
number of blooms present and diversity of species in flower both increase and peak during the peak of
the growing season – as one might expect. There is also an early season peak for number of individuals
(blooms) early in each sampling year likely attributable to a number of early season herbaceous species,
winter weeds, and spring flowering species with high numbers of small blooms (jasmine, Prunus, Cercis,
etc.).
The summary of plants and blooms between properties shows a relatively broad (continuous) range of
metrics. Such a range would be expected owing to the potential landscape differences represented
across properties and landscape types.
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Figure 8. Change in plant diversity from 2013 to 2014. Red points represent properties that changed
diversity by more than 50%.
The potential change in diversity from year 2013 to year 2014 was also explored (Figure 8). Overall, all
properties maintained similar diversity across years but there were 4 properties that changed the most,
suggesting a considerable decrease in diversity in 2014. These sites where: Adkins703, Kline5108,
Santello1326 and Showalter312. In all of the cases, the decrease in diversity is a product of the addition
of a single species in high numbers which results in a significant increase in the number of individuals
but a small increase in the number of species for the property. For example, in Adkins703, 100
individuals of Pleopeltis polypodioides (Polypodiaceae) were added which resulted in an increase of 1
species but increased the number of individuals from 152 in 2013 to 267 in 2014.
Next, the proportion of plant species and proportion of individuals in each of the three landscape
designation categories (i.e. native, Florida Friendly, and nonnative) was calculated for each property
(Figure 9). The data shown are mean proportion values for each plant category among years. While all
yards had a least some species in each of the three categories, the proportion of individuals of each
category varied widely. The “no category” designation represent species that could not be effectively
identified without collecting samples (i.e. potential cultivars, hybrids, etc.). In all cases, these represent a
very small fraction of the plant species present on each property.
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Figure 9. Barplots showing the proportion of plant species and individuals in each of the three landscape
categories.
Lastly, the properties were categorized according to their composition of plant types. Figures 10 shows
the results of a principal component analysis (PCA) performed over the proportion of species and over
the proportion of individuals in each category. Again, the data used are mean values among years for
each participating property. The results show that there is a continuous variation among the three
categories of interest. Some plots have intermediate proportions of the three types of plants/individuals
and some are dominated by each of the categories. This essentially means that we have good
representation across properties for the landscape variables we were interested in evaluating (figures 9
and 10).
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Figure 10. Biplots of the resulting Principal Component Analysis (PCA) using the proportion of species or
individuals in each of four categories of plant types: Native (Nat), Florida Friendly (FF), Nonnative
(NonNat) and No Category (NoCat).
Organism Surveys:
As there is high seasonality in insect diversity, the influence of yard type, vegetation diversity, bloom
count and distance of the yard to greenspace on insect diversity was evaluated by month. For
categorization of yard type, the first component of the principal component analysis performed with the
vegetation surveys was used (Table 2). The logic applied behind the principal component analysis was
the following. Since the categorization of each yard depends on 4 variables, proportion of vegetation
that is native, proportion of vegetation that is Florida Friendly, proportion of vegetation that is
nonnative, and Proportion of vegetation that does not fall in any of these three previous categories,
there is no single variable to relate to insect diversity. For this reason, a principal component analysis
finds one or two variables that are mainly related to all 4 of the main variables. In this case, the first
principal component (PC1) explained 78% of the variance in the original proportion data, and PC2
explained much of the remaining variance.
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Table 2. Results of the Principal Component analysis performed over the proportion of plant species
belonging to each of the four categories in each yard. The table shows the loadings, variance and
cumulative variance of the first two Principal Components.
Variable/Variance

PC1

PC2

Florida Friendly

0.29

0.72

Non Native

0.48

-0.67

Native

-0.82

-0.13

No Category

0.05

0.08

Proportion of Variance

0.77

0.16

Cumulative Proportion

0.77

0.94

In other words, the yard categories can now be based on the PCA integer scale. This is shown on the xaxis in Figures 11, 12, and 13 for yard type.
Three linear models were performed in which the dependent variable was insect diversity and the
predictor variables were yard type, vegetation diversity, bloom count or distance to greenspace. In each
of these linear models, month was added as a covariate in the model and the interaction among
predictor variables (i.e. influence of yard type, vegetation diversity and bloom count and month.) was
estimated. A temporal analysis seemed appropriate, as it possible that in months of low insect diversity,
vegetation has little influence, but in months of high insect diversity, vegetation has a strong influence.
The same models were used to evaluate pollinator and non-pollinator data separately. The analysis
showed high seasonality in insect diversity, particularly in overall insect diversity; likely driven by
pollinator diversity (Table 3; Figures 11 and 12). Interestingly non-pollinator diversity showed low
seasonality (Table 3, Figure 13). Predictor variables (i.e. yard type, vegetation diversity, bloom counts or
distance to greenspace) were not related to overall insect diversity, pollinator or non-pollinator insect
diversity (Table 3; Figures 11,12,13,14). Vegetation diversity had a marginal influence on non-pollinator
data through the interaction between vegetation diversity and time of the year. As such, non-pollinator
data increased slightly with vegetation diversity through the year, but the coefficient is so small that it is
not likely to be biologically very relevant (see Table 3).
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Table 3. Results of the linear models relating insect diversity and vegetation variables in the yards
evaluated. Indep.var refers to the coefficient of the main independent variable in the model which is
described in left most column of the table. Interaction refers to the coefficient of the interaction
between the independent variable and Month of the year in which the insect or bloom counts data were
collected. Bold face numbers indicate terms that significantly contribute to the model (i.e. p<0.05). *
indicate highly significant terms (i.e. p<0.001)
Intercept

Indep.Var

Month

Interaction

p

r2

Yard Type

10.19*

0.74

-0.29*

0.03

>0.01

0.22

Vegetation Diversity

11.36*

-0.04

-0.35*

0.002

>0.01

0.23

8.8*

-0.000025

-0.18*

0.000005

>0.01

0.09

10.04*

0.0005

-0.29*

7.10E-07

>0.01

0.22

Yard Type

5.67*

1.5

-0.16*

-0.05

>0.01

0.24

Vegetation Diversity

6.08*

-0.01

-0.18*

0.0006

>0.01

0.24

Bloom Counts

4.75*

-0.00004

-0.1*

-0.000002

>0.01

0.1

Distance to Green Area

5.64*

0.00009

-0.16*

-0.000004

>0.01

0.23

Yard Type

5.55*

1.17

-0.004

-0.06

0.89

-0.004

Vegetation Diversity

6.16*

-0.02

-0.07

0.002

0.01

0.01

Bloom Counts

5.96*

-0.0001

-0.04

-0.00002

0.12

0.01

Distance to Green Area

5.24*

0.001

0.008

-0.00004

0.68

-0.003

All Insects

Bloom Counts
Distance to Green Area
Pollinator

Non-Pollinator
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Figure 11. Insect diversity across the year related to Yard type, plant diversity, bloom count and distance
to greenspace. Colors indicate month of the year in which the insect data was collected starting in red
early in the year and turning into blue towards the end of the year (see legend at the bottom of the
figure indicating month). The figure shows no relationship between insect diversity and any of the
independent variables, but it does show a decrease in insect diversity later in the year. March and April
are the months with highest diversity.
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Figure 12. Pollinator diversity across the year related to Yard type, plant diversity. bloom counts, and
distance to greenspace. Colors indicate month of the year in which the pollinator data was collected
starting in red early in the year and turning into blue towards the end of the year (see legend at the
bottom of the figure for month). The figure shows no relationship between pollinator diversity and any
of the independent variables, but it does show a decrease in pollinator diversity later in the year. March
and April are the months with highest diversity.
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Figure 13. Non-pollinator diversity across the year related to Yard type, plant diversity, bloom count,
and distance to greenspace. Colors indicate month of the year in which the non-pollinator data was
collected starting in red early in the year and turning into blue towards the end of the year (see legend
at the bottom of the figure for month). The figure shows no relationship between non-pollinator
diversity and any of the independent variables, and a very weak decrease of non-pollinator diversity
throughout the year.
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Figure 14. Insect, pollinator and non-pollinator diversity related to yard composition. Colors indicate
month of the year in which the non-pollinator data was collected starting in red early in the year and
turning into blue towards the end of the year (see legend at the bottom of the figure for month). The
figure shows no relationship between the insect diversity data and any of the three yard types.
Finally, changes in insect diversity, pollinator diversity, and non-pollinator diversity throughout the year
were evaluated to better understand seasonality. As might be expected, insect abundance rapidly grew
throughout the growing season with a peak in August and a relatively rapid decline through the fall. This
would certainly be expected as populations build through time and take advantage of available
resources in the environment. Diversity was highest early in the year. This is likely due to a higher
number of univoltine species and potential increased insect activity tied to the abundance of early
season blooming plants. The decrease in insect diversity towards the end of the year might be related
21

to an increase in the abundance of few families of insects but not all. Pollinator diversity mirrored these
trends (Figure 16).
Richness remained almost constant while the abundance of all insects, pollinators, and non-pollinator
groups peaked in mid-August (Figures 15,16,17; Table 4). Diversity of non-pollinators remained
unchanged throughout the year, while all insect and pollinator diversity decreased throughout the year,
reaching its lowest level in late September (for all insect data), and late August for pollinator species
(Figures 15,16,17; Table 4).

Figure 15. Insect richness, abundance and diversity change throughout the year. The figure shows an
increase in insect abundance with a maximum abundance around mid-August (sample 15) and a
decrease in insect diversity with its lowest by late September.
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Figure 16. Pollinator richness, abundance and diversity change throughout the year. The figure shows an
increase in pollinator abundance with a maximum abundance and lowest diversity around mid-August.

Figure 17. Non-pollinator richness, abundance and diversity change throughout the year. The figure
shows an increase in non-pollinator abundance with a maximum abundance around early August, while
richness and diversity remain constant.
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Table 4. Results of the change of insects, pollinators and non-pollinator richness, abundance and
diversity throughout the year. It shows that for all insects, pollinator, and non-pollinator groups, there is
a peak in abundance while there is a decrease in diversity of all insects and pollinator groups. There is no
change in richness of any group or diversity of non-pollinator species.
Intercept

Month

Richness

17.03

0.05

Abundance

-270.6

62.7

Diversity

16.72

-1.46

9.79

-0.007

-232.47

51.9

10.12

-0.96

7.36

0.05

-38.27

10.78

5.55

-0.003

Month2

p

R2

0.23

>0.01

-2.05

>0.01

0.33

0.04

>0.01

0.33

0.78

-0.001

-1.7

>0.01

0.32

0.03

>0.01

0.38

0.04

0.005

>0.01

0.19

0.82

-0.001

All insects

Pollinator
Richness
Abundance
Diversity
Non-Pollinator
Richness
Abundance
Diversity

-0.37

Conclusions and Future Directions:
1. For the 35 properties participating in the study, there was continuous variation among the three
landscape categories of interest: native, Florida Friendly, and nonnative. This resulted in good
representation across properties for the landscape variables we were interested in evaluating.
2. Overall, all properties maintained similar diversity across years. Deviation to this by 4 properties
was the result of the addition of a single species in high numbers that skewed the data.
3. There was high seasonality in insect diversity, particularly in overall insect diversity. This was
likely driven by pollinator diversity.
4. Insect abundance rapidly grew throughout the growing season with a peak in August and a
relatively rapid decline through the fall.
5. The diversity of non-pollinators remained unchanged throughout the year, while all insect and
pollinator diversity decreased throughout the year, reaching its lowest level in late September
(for all insect data), and late August for pollinator species. Overall insect diversity was highest
early in the year.
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6. Insect richness remained almost constant throughout the year.
7. Non-pollinator diversity showed low seasonality.
8. There was no relationship of the predictor variables (i.e. yard type, vegetation diversity, bloom
count, or distance to greenspace) to overall insect diversity, pollinator, or non-pollinator insect
diversity.
9. Plant diversity had a marginal influence on non-pollinator data, but this is likely not biologically
significant.
The lack of a correlation between the insect diversity metrics (overall insect diversity, pollinator
diversity, and non-pollinator diversity) and yard composition (native, Florida Friendly, and nonnative) or
total bloom count (as a measure of overall resource abundance was a bit surprising. It is possible that
the scale at which we conducted the analysis (diversity, plant/landscape type, bloom count) are too
broad and thus confound any correlation. For example, total bloom count could be dominated by a
single, not pollinator-attracting plant in flower (such as confederate jasmine). Thus, we plan to drill
down more into the data to see what other potential relationships might be teased out. For example,
we will look for relationships between the insect diversity data categories and:
1.
2.
3.
4.

Plants identified as flowering and non-flowering
Resource quality (pollen, nectar) of flowering plant species
Functional diversity of flowering plant species (as it relates to pollinators)
Turnover in bloom (for example, high bloom turnover might yield high insect visitation)

We will additionally parse out insect groups in greater detail (for example all native bees, or all
Lepidoptera) to look at the relationship with these smaller but higher quality pollinator groups and yard
type/plant diversity.
Our goal will be to have all of the additional analysis completed by early fall. We will them complete a
manuscript and submit to a high profile journal by late fall.
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APPENDIX 1

Subject: We need your yard!
Gainesville and Alachua County residents:
We are looking for at least 36 suburban yards in Alachua County (specifically in or near the city of
Gainesville) to use in a University of Florida research study. The “Plant for Wildlife” study will evaluate
the ability of three types of Florida urban/suburban landscapes, such as native plants, Florida-Friendly
LandscapingTM, and conventional yards, to support native wildlife, including important pollinators
essential to Florida’s ecology and economy. Surveys will record the presence/absence of a broad
spectrum of species, including butterflies, insect pollinators, and landscape plants. Interactions
between wildlife and plants will also be recorded if time permits. The 3-year comparative study will
start in spring 2012.
Our visits would involve regular visits to your yard (front and back) and will occur when organisms are
typically most active, between 9 am and 4 pm. If you would like to help we will send you more
information about the study in the next few months along with a questionnaire about your yard and
maintenance practices.
If you have questions or are interested in participating, please send your name and home address to Dr.
Jaret Daniels (jdaniels@flmnh.ufl.edu).
Your participation is greatly appreciated!
Thank you,

Jaret C. Daniels, Ph.D.
Assistant Director of Exhibits and Public Programs
Assistant Curator of Lepidoptera
Assistant Professor of Entomology
Florida Museum of Natural History
University of Florida
PO Box 112710
Gainesville, FL 32611-2710
jdaniels@flmnh.ufl.edu

APPENDIX 2
Homeowner Permission to Access Property
The Florida Museum of Natural History and the Department of Entomology and Nematology at the
University of Florida are conducting the Plant for Wildlife study in North Central Florida. The researcher,
Jaret Daniels, would like your permission to access your property for this research study.
Why we are doing the research:
The “Plant for Wildlife” study will evaluate the ability of three types of Florida urban/suburban
landscapes, native plants, Florida Friendly Landscaping, and exotic plants, to support native wildlife,
including important pollinators essential to Florida’s ecology and economy. The 3-year comparative
study will be conducted throughout north-central Florida residential communities.
Surveys will record the presence/absence of a broad spectrum of species, including butterflies, insect
pollinators, birds and landscape plants. Interactions (host use, etc.) between wildlife and plants will also
be recorded.
Results will be used to help provide basic recommendations on best practices for urban/suburban
landscaping and will be disseminated broadly through extension agents, partner organizations, and
scientific and trade publications. None of the publications will include your personal information.
What we will be doing in your yard:
We will be conducting regular vegetation and wildlife surveys, which involve recording percent
vegetation cover and species richness, species composition, and floral surveys for all vegetation.
Vegetation surveys will be conducted on a bimonthly basis through the duration of the study.
Various methods including visual surveys and passive trapping (pan trapping and bait trapping) will be
used to document insects. Birds will be surveyed using only visual surveys. Vegetation surveys will
involve only visual inspection and/or photography. No vertebrate organisms or plant material will be
collected or harmed. Insect traps will be set up temporarily (less than 48 hours) per survey. Surveys will
be conducted on a regular basis approximately every 1 to 2 months over the next 3 years.
How long we will be in your yard:
Visual surveys (on the ground time) may take between 45 minutes to 2 hours per visit, depending upon
the size of the property and the vegetation cover. As surveys will be conducted over a large number of
yards every 1 to 2 months, it may not be possible to schedule surveys for when you are home. We will
contact you before each survey to provide a tentative schedule.
What information we will record:
We will record your name, email address or phone number depending on your preferred method of
contact and your property’s physical address. We will not record any other personal information about
you or your family.

If you would like to permit access to your property for this study, please sign below. You may withdraw
your permission at any time.
University of Florida Board of Trustees for the Benefit
of the Department of Entomology and Nematology

Jaret Daniels, Ph.D.
Assistant Professor of Entomology,
Department of Entomology and Nematology
University of Florida

Date:

Homeowner Name (Please Print)

Homeowner Signature

Date:

APPENDIX 3

WAIVER OF LIABILITY AND HOLD HARMLESS AGREEMENT
1. In consideration for working on the Plant For Wildlife project administrated by the Florida Museum of
Natural History, University of Florida, I hereby RELEASE, WAIVE, DISCHARGE, AND COVENANT
NOT TO SUE any participating individuals or homeowners, the University of Florida, any University
Organization, the University of Florida Board of Trustees, the State of Florida, the County of Alachua, their
officers, servants, agents, or employees (hereinafter referred to as RELEASEES) from any and all liability,
claims, demands, actions, and causes of action whatsoever arising out of or related to any loss, damage, or
injury, including death that may be sustained by me, or to any property belonging to me, WHETHER
CAUSED BY THE NEGLIGENCE OF THE RELEASEES, or otherwise, while participating in such course
activity, or while in, on or upon the premises where the activity is being conducted.
2. To the best of my knowledge, I am not allergic to bee stings. I am fully aware of risks and hazards
connected with the activity of keeping honey bees, including the risk of being stung by a honey bee, and I
hereby elect to voluntarily participate in said activity, and to enter the above named premises and engage in
such activity knowing that the activity may be hazardous to me and my property. I VOLUNTARILY
ASSUME FULL RESPONSIBILITY FOR ANY RISKS OF PERSONAL INJURY, INCLUDING DEATH,
that may be sustained by me, or any loss or damage to property owned by me, as a result of being engaged
in such an activity, WHETHER CAUSED BY THE NEGLIGENCE OF RELEASEES or otherwise.
3. I further hereby AGREE TO INDEMNIFY AND HOLD HARMLESS the RELEASEES from any loss,
liability, damage or costs including attorney’s fees, they may incur due to my participation in said activity,
WHETHER CAUSED BY THE NEGLIGENCE OF RELEASEES or otherwise.
4. It is my express intent that this Release shall bind the members of my family and spouse, if I am alive, and
my heirs, assigns and personal representative, if I am deceased, and shall be deemed as a RELEASE,
WAIVER, DISCHARGE AND COVENANT NOT TO SUE the above-named RELEASEES.
IN SIGNING THIS RELEASE, I ACKNOWLEDGE AND REPRESENT THAT:
A. I have read the foregoing Release, understand it and sign it voluntarily as my own free act and deed;
B. No oral representations, statements, or inducements, apart from the foregoing written agreement, have been
made;
C. I am at least eighteen (18) years of age and fully competent;
D. I execute this Release for full, adequate and complete consideration fully intending to be bond by same.

Signature of Participant/EMPLOYEE: __________________________________

Printed Name of Participant/EMPLOYEE: ________________________________
Date: __________________________________

Plant for Wildlife Sampling Protocol





The Plant for Wildlife project has 34 participants. These participants are divided into 4 groups which can be
easily sampled based on the proximity of the houses.
The lot size and proximity to natural areas has been found using Arc GIS and Alachua County Property Appraiser.
This data can be found in the file “Plant for Wildlife Contact Database”
Field sampling will occur March- October 2013, and March-October 2014.
Legal permission forms must be signed before sampling begins (Completed for all current participants)



Scheduling:



o
o
o

o
o

The four groups are named as: Far, Downtown, 16/39, and Haile. The far and downtown groups are
sampled during the same week, and the 16/39 and Haile groups are sampled during the same week.
The Weeks 1 and 2 of the month will be afternoon samples, and weeks 3 and 4 will be morning samples.
If a month has 5 weeks, the 5th week becomes a bye week, and can be used to make up any samples that
were missed. Do not sample on the 5th week unless you have field days to make up. Each house only
needs to be sampled twice a month.
Because of the sampling protocol Plant for Wildlife is generally a 4 day work week. It can be Monday –
Thursday or Tuesday-Friday depending on samplers scheduling.
Sample month:
Mon
Far PM
16/39 PM
Far AM
16/39 AM



Wed
Downtown PM
Haile PM
Downtown PM
Haile AM

Thurs
Downtown PM
Haile PM
Downtown PM
Haile AM

Fri

Vegetation Sampling:
o

o



Tue
Far PM
16/39 PM
Far AM
16/39 AM

A baseline vegetation sample will occur in March of each year. During the baseline survey count all plant
species that are planted on the property whether or not they are blooming. If the plant is blooming, also
count the number of blooms. This allows us to quantify the landscape trees/shrubs that may not flower
and therefore may not be counted during the other vegetation samples. Be sure to include any flower
counts during the baseline
Floral vegetation samples will occur bimonthly during the sampling season: March, May, July, and
September. During these bimonthly vegetation samples count the number of flowers of each species on
the property.

Pollinator Sampling:
o Each house is visited twice a month (PM sample, and AM sample). At each visit a 10 minute visual
transect is conducted, and bee bowls are set out
o During the 10 min transect:
 Observe pollinators and insectivorous birds.



o



Record the species, number of individuals, activity, and location (fill in the blanks on the data
sheet).
 It is important to record the temperature (⁰C), Cloud cover, and time because all of these factors
will affect which species are observed.
 It is important to record who is collecting the data in case there are any questions in the future
(particularly important when hand writing is hard to read)
 The 10 minute transect cannot be completed in the rain!
Set out bee bowls in the front yard, and in the back yard. To deploy the bee bowls:
 Place a liner bowl into each corresponding locations on the array.
 Fill the liner bowl about half way with soapy water solution (use only scent and color free dish
detergent.) On very hot and sunny days fill the bowl with more soapy water, when rain is in the
forecast fill the bowl with less water. Use your judgment to avoid the bowls drying out or over
flowing
 Please be sure to close all gates.
 Return 24 hours later to collect the bee bowls. To collect the bee bowls place a coffee filter in a
strainer and filter the water out of each liner bowl. Once drained, place the coffee filter into a
correctly labeled bag. Each house should have 4 labeled quart sized Ziploc bags with the
address, last name, and color of bowl. At the end of the day all Ziploc bags from all houses will
be placed in a gallon sized Ziploc, dated, and placed in the box in the entomology freezer. Make
sure the storage boxes are labeled as per freezer protocol.

Rain Day:
o If there is rain falling from the sky the 10 minute transect cannot be completed.
o Use your best judgment when scheduling sampling based on the weather. It’s hard to call off a sampling
day with 50% chance of rain. During the summer in Florida there is always 50% chance of afternoon rain.
Never put yourself in danger if there are electrical storms.
o When there are isolated rain showers complete as much sampling as possible by putting out the bee
bowls and completing as many 10 min transects as possible. Continue to put out bee bowls, and
complete the 10 min transects on the fallowing day when picking up the bowls.
o In the event of 48 hours of solid rain, there is not much we can do to make up this missed sampling
opportunity because of the number of samples that we must complete each month. Although it is bad
to miss a sample, it will be evened out because of the large number of samples ( 2 samples a month x 8
month x 2 years)
o If a month has 5 weeks, the extra week can be used to make up rain days.
o It may be possible to make up a rain day by doing a full day of sampling, but this situation has not arisen.
 For example, if a PM sample is missed, it may be possible to make up this sample in the
PM of an AM sampling week.
 If we missed a PM sample on the downtown group, we could make up that sample after
finishing an AM sample for a different group.
 The main complication I see arising here is having enough bee bowls. This can be alleviated by
doing this make up sample after picking up AM bowls on Thursday. After picking up the bowls
on a Thursday the sampling team can redeploy the bowls in the PM of Thursday and pick them
up on a Friday

