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Abstract
Developing effective butterfly monitoring strategies is key to understanding how butterflies interact with urban environments,
and, in turn, to developing local conservation practices. We investigated two urban habitat types (public gardens and restored/
reconstructed prairies) and compared three survey methods (Pollard transects, purposive point counts, and random point counts)
to determine which was most productive for detecting butterflies and assessing family diversity. We conducted 66 butterfly
surveys by using each method (198 total) from May through September in 2015 and 2016 at six sites (three public gardens and
three prairies) in Ames, Ankeny and DesMoines, Iowa. All survey methods were used on 11 sampling dates at each site. Overall,
we observed 2,227 butterflies representing 38 species: 1,076 in public gardens and 1,151 in prairie areas. We used a smaller data
set standardized for survey effort, including 1,361 of these sightings, to compare survey methods and habitat types. Although
there were no significant differences in number of butterfly sightings between the two habitats, more sightings (798) were
documented by using purposive point counts when compared to Pollard transects (297) or random point counts (266) (for both
comparisons, p < 0.0001). Occupancy modeling also indicated that purposive point counts were most effective in detecting
certain species of butterflies, most notably those within the Pieridae (whites, sulphurs) and Papilionidae (swallowtails). We
conclude that public gardens and restored/reconstructed prairies in urban settings can provide important butterfly habitat, and
that purposive point-count surveys are most effective for detecting butterflies in these relatively small-scale landscape features.

Keywords Urban butterfly habitat . Public gardens . Restored urban prairies . Butterfly survey methods . Pollard transects .

Occupancymodeling for butterflies

Introduction

Steady declines in pollinator populations have recently gener-
ated much concern. For Lepidoptera (a group for which data are
generally available), surveys indicate a global decline in abun-
dance of 35% over the past 40 years (Dirzo et al. 2014).
Intensive agricultural practices and urban expansion have been
suggested to be among the primary causes of declines in but-
terfly abundance and diversity (Maes and Van Dyck 2001; Van
Dyck et al. 2009; Dennis et al. 2017). Some reports indicate that
native invertebrate diversity generally decreases with increased
urbanization (e.g., McKinney 2008; Matteson and Langellotto
2010; Concepción et al. 2015). However, depending on habitat
suitability in the surrounding matrix, some urban habitats may
provide refugia and increase local butterfly abundance and/or
species richness (Bolund and Hunhammar 1999; Kadlec et al.
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2008; Panzer et al. 2010). This has led to increased interest in
creating suitable habitats for butterflies in urban areas, and to
programs at continental, national and local scales to support
creation of butterfly habitat (e.g., the North American
Butterfly Association’s Butterfly Garden and Habitat
Program, and the National Pollinator Garden Network’s
Million Pollinator Garden Challenge™). These initiatives focus
on educating individual landowners about butterfly species and
providing resources to guide planting and management of gar-
dens for pollinator use (see, for example, http://nababutterfly.
com/; http://millionpollinatorgardens.org/).

The potential for urban areas to provide habitat for butter-
flies has also led to increased interest in documenting and
assessing butterfly use of these areas (e.g., Giuliano et al.
2004; Di Mauro et al. 2007; Matteson and Langellotto 2010;
Matteson et al. 2013; Concepción et al. 2016). These studies
have focused on two key subjects for urban butterfly conser-
vation: 1) effects of urban habitats (community gardens, pub-
lic gardens, or urban natural areas) on butterfly populations
and species richness (Giuliano et al. 2004) and 2) effects of the
urban matrix (pavement, buildings, cars, and people) on but-
terfly movement among appropriate habitat patches (Matteson
and Langellotto 2010). Effectively conducting such assess-
ments is key to understanding how to design and manage
urban landscapes for butterfly use (e.g., presence, movement
across the landscape, floral visitation, oviposition).

Although it is possible that urban gardens and small, embed-
ded natural areas within urban landscapes offer habitat suitable
for butterflies (at a minimum for movement across larger land-
scapes), relatively few studies have directly compared butterfly
use of different types of potentially valuable urban habitats –
e.g., large public garden and native landscaping installations.
Thus, information about butterfly use of these potential habitats
would be useful to increase the effectiveness of future efforts to
create the most suitable urban-embedded habitat areas.
Additionally, such analyses should be place-based, to account
for factors specific to urban areas, such as smaller habitat areas
and increased human presence and activities (Menninger and
Palmer 2006). Finally, such studies should include estimates of
detection probability and deliberate design that lends itself to
replication to contribute most strongly to advances in knowl-
edge and conservation of butterflies (Kral et al. 2018).

A commonly used survey method to monitor butterflies is
the Pollard transect (Pollard 1977; Pollard and Yates 1994;
Brown and Boyce 1998), originally proposed as a protocol
to standardize butterfly observations. This method involves
traversing the same fixed path at a constant rate at regular
intervals (e.g., weekly) during the survey season and counting
butterflies within a defined area relative to the path of the
observer. Although use of a standard protocol should allow
comparability of data across projects, this method has often
been modified to be more applicable to the particular habitats
under study (Yahner 2001; Collinge et al. 2003; Clark et al.

2007; Kral et al. 2018). In fact, the standard Pollard transect
may not be very suitable for use in many urban landscapes
where floral resources are generally more limited and widely
dispersed than would be typical in natural areas.

Alternative methods that have been used, less systematical-
ly, are variations of point-count sampling (Van Swaay et al.
2012; Henry et al. 2015). Point counts are conducted by
documenting all butterflies within a specified (usually circu-
lar/spherical) area at a single location over a certain time in-
terval. In their study of the Miami blue butterfly (Cyclargus
thomasi bethunebakeri), Henry et al. (2015) used modified
point counts to focus survey efforts on a particular host plant
and habitat configuration known to be used by the Miami
blue. Thus, point counts allowed surveyors to apply their
knowledge and experience to focus monitoring efforts on spe-
cific areas that butterflies were likely to use.

In addition to choice of survey method, survey success
(detection of butterflies) may also be partially dependent on
species behavior (Isaac et al. 2011). Species within different
butterfly families exhibit diverse foraging, basking and
courting strategies. For example, among several species in
the Hesperiidae (skippers), male butterflies perch in vegeta-
tion and dart at passing objects in their search for females
(Scott 1973). This is in contrast to many species in the
Nymphalidae (brush-footed butterflies), where males patrol
continuously to search for females (Bitzer and Shaw 1979;
Alcock 1994). These variations in behavior may lead to dif-
ferences in observations based on the surveymethod used. For
example, during a Pollard transect, an observer’s movement
may cause perchingmale skippers to take flight, increasing the
probability of detection. However, skippers also tend to be
small, blend in well with their surroundings, and are difficult
to detect when perching, so they could be missed in point-
count surveys (Carneiro et al. 2014). In contrast, larger and
more colorful butterflies (e.g., the Nymphalidae) are more
likely to be observed regardless of survey method.

Previous studies conducted even in relatively large natural
areas have shown that data collected by using Pollard transects
may not accurately reflect either butterfly abundance or species
richness (Collier et al. 2006; Pellet 2008; Isaac et al. 2011). In
particular, researchers have found that detection estimates gener-
ated from Pollard transects are low if relatively few transects are
performed at a site (Kéry and Plattner 2007; Isaac et al. 2011).
One recommendation offered by Kéry and Plattner (2007) was
that at least 20 Pollard transects would be necessary on a given
site in order to correctly determine if a species is or is not present.

In the Midwest United States specifically, data point to-
ward general declines in pollinators and butterfly populations
(Cameron et al. 2011; Swengel et al. 2011). The pre-
dominantly agricultural landscape matrix of the Midwest
contains fewer remnants of natural vegetation communi-
ties (prairies, wetlands, or forests; Gallant et al. 2011)
than most ecoregions, with correspondingly smaller
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native host-plant populations and limited habitat for na-
tive wildlife species, including butterflies (Debinski and
Kelly 1998; Hartzler and Buhler 2000).

In Iowa, there have been several recent studies that charac-
terized butterfly populations in rural parks, preserves and
grassland management areas (Vogel et al. 2010; Moranz
et al. 2012; Delaney et al. 2015), roadsides and crop buffers
(Ries et al. 2001; Reeder et al. 2005; Shepherd and Debinski
2005), and experimental prairie plantings (Myers et al. 2012).
However, we are not aware of previous studies focused on
butterfly populations in the urban areas of this region.
Because of strong interest in providing additional butterfly
habitat in cities throughout Iowa (programs such as Blank
Park Zoo’s Plant. Grow. Fly), we chose to examine butterfly
populations in potential habitats that already exist in three
central Iowa municipalities. Our objectives were to determine
the level of butterfly use of different urban habitat types and
the effectiveness of three different survey protocols to detect
them. Specifically, we investigated the following questions:

1. How many and what species of butterflies are present in
urban areas within the predominantly agricultural land-
scape matrix of central Iowa? Are there differences in
the number and species of butterflies visiting public gar-
dens and restored prairie areas in these urban settings?

2. Does survey method influence our ability to detect butter-
flies in these areas?

Methods

Study area

We conducted this study in central Iowa, situated in the heart of
the Corn Belt region of the U.S.A. (NOAA 2017). This is a
landscape dominated by intensive row-crop agriculture systems
surrounding steadily expanding urban and exurban areas (ISU
Extension 2016). Both intensive landscape alterations andman-
agement regimens used in them (e.g., widespread use of pesti-
cides) havemade this landscape less and less hospitable for but-
terflies, especially since the early 1990s (Hartzler 2010).Within
this overall landscape context, public gardens (manicured areas
with abundant and concentrated floral resources) and restored
prairies (reconstructed by using mixtures of regionally native
grasses and forbs endemic to the region) are being promoted
and used to provide potential habitat for pollinators, including
butterflies.

Study sites

We monitored six sites in Ames, Ankeny and Des Moines in
central Iowa: three public gardens and three restored/

reconstructed prairie areas (Fig. 1). The three public garden
sites include the northern section of Reiman Gardens (a 2.5-ha
portion of a 6.6 ha public garden located in Ames); the Greater
Des Moines Botanical Garden (a 1.1 ha public garden in Des
Moines); and the Clare and Miles Mills Rose Garden (a 2.3 ha
public garden also located in Des Moines). The urban prairie
sites include the Pohl Prairie Preserve at Ames High School (a
2.2-ha portion of a 6.1 ha restored remnant prairie located in
Ames); Ada Hayden Heritage Park (a 2.4-ha area of recon-
structed prairie in a 157.1 ha park located in Ames); and the
grounds of the Iowa Association of Municipal Utilities (a
1.9 ha reconstructed prairie in Ankeny).

Public gardens are designed to showcase a variety of orna-
mental plants, often emphasizing cultivars of both native and
non-native flowering plants. The public gardens included in
this study were characterized by areas of densely planted an-
nual and perennial flowering plants, such as common lilac
(Syringa vulgaris), calamint (Calamintha nepeta), smooth hy-
drangea (Hydrangea arborescens), meadow sage (Salvia
nemorosa), yarrow (Achillea millefolium), and Culver’s root
(Veronicastrum virginicum), as well as several cultivars of
rose (Rosa spp.), peony (Paeonia spp.), petunia (Petunia
spp.), cock’s comb (Celosia spp.) and begonia (Begonia
spp.). These floral collections were all located in areas sepa-
rated by manicured lawn spaces. All three public garden sites
included in this study are designed and managed to encourage
human visitation and are often used for large public events.

Prairie restorations/reconstructions are frequently established
alongroadsidesandinparksasarelativelylow-maintenanceland
cover that contains species historically widespread throughout
the landscape (Houseal and Smith 2000). In urban settings, sim-
ilar prairie reconstructions are used in open areas along the bor-
ders of parks or as part of larger commercial landscapes. The
prairie areas included in this study were located in areas of less
intense human activity as compared to the public gardens. These
areas includedevenlydistributednativegrasses, suchasbigblue-
stem (Andropogon gerardii), sideoats grama (Bouteloua
curtipendula), and Indian grass (Sorghastrum nutans), mixed
with native forb species, such as bee balm (Monarda fistulosa),
false sunflower (Heliopsis helianthoides), gray-headed cone-
flower (Ratibida pinnata), Canada goldenrod (Solidago
canadensis), compassplant (Silphium laciniatum), andcommon
milkweed (Asclepias syriaca).

Survey methods

We surveyed each site at approximately 2-week intervals, in-
cluding six times in 2015 and five times in 2016, between late
May and late September using the same level of survey effort
at all sites. We used modified Pollard transects and two point-
count survey methods (purposive and random) to detect and
quantify butterflies at each site. We described species detect-
ed, transect section, and butterfly activities at the time of
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observation (as per IDNR 2006). Surveys were conducted
between 1000 and 1830 on sunny days, with wind speeds
<16 km per hour and temperatures between 21° and 35 °C
(Ries et al. 2001; IDNR 2007). We conducted one 200-m
Pollard transect survey, 12 purposive point counts, and 12
random point counts at each site for each sample date.

For modified Pollard transects, the senior author (BJL)
established single, straight 5-m-wide, 200-m-long transects,
or two 100-m-long transects (to fit the site) marked with reg-
ularly spaced flags. The senior author and a second observer
walked transects at a speed of 10 m per minute and recorded
butterflies observed within 2.5 m on either side and 5 m in
front of the observer (Pollard 1977; Pollard and Yates 1994;
Ries et al. 2001). For all point-count surveys, the same two
observers stood back-to-back at each point, and identified and
recorded butterflies seen within a semi-spherical area within a
5-m radius during a 5-min period.

For purposive point-count surveys, there were no fixed
starting or observation points: the observers meandered
throughout each site on each date to identify locations where
butterflies were present or that were judged to have high poten-
tial for butterfly use based on floral resources, thenmarked each
location and conducted a point count. For random point-count
surveys, the senior author used the random point function in
ArcMap 10 (ESRI 2015, 2016) at the beginning of each field

season to generate a set of fixed points within each site that
were marked and used for the entirety of that season.

During each survey, field observers identified butterflies to
species (nomenclature follows Schlicht et al. 2007) and classi-
fied them as habitat generalists or habitat specialists (as per
Vogel et al. 2010). Observers also identified characteristics of
vegetation (number of species, species in flower, percent floral
area) along each transect and at each sample point (Ries et al.
2001; Matteson and Langellotto 2010). A hand-held Android
device with the “Unified Butterfly Recorder” (http://www.
reimangardens.com/collections/insects/unified-butterfly-
recorder-app/) application was used to collect and organize all
butterfly survey data. Butterflies that could not be readily
identified in the field were photographed for later consultation
with experts. Butterflies that remained unidentified after
multiple consultations or that could not be photographed in
the field were recorded as unidentified. These data
(accounting for 3% of all observations) were included in the
total numbers of butterfly sightings for survey comparisons but
not for species richness or occupancy model analyses.

Overview of data analyses

We determined the total number of individual sightings and
number of species observed for each of the three survey
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Fig. 1 Six sites (three public gardens and three restored/reconstructed prairies) where butterfly surveys were conducted. Sites were located in Ames,
Ankeny, and Des Moines, central Iowa, U.S.A.
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methods and each site for all sample dates. We also deter-
mined the total number of habitat-specialist species and spe-
cies of special concern for site and survey method. We then
standardized the number of sightings to allow comparisons of
the three survey methods by setting a limit of equivalent sur-
vey effort for total time elapsed (19 min for each survey meth-
od at each site) and area surveyed (950 m2). To do this, we
included only observations that took place in the first 190 m of
each Pollard transect and the first 95 s of each purposive and
random point count. The standardized data were used for com-
paring the total number of observations when using each sur-
vey method as well as for each survey method within each
habitat type. The standardized data were also used for occu-
pancy modeling (as described below).

Statistical methods

For the dataset containing all sightings, we used an analysis of
variance (ANOVA; SAS 2017) to compare the number of ob-
servations of habitat-specialist species in each habitat type. We
applied a general linear mixed model (PROC GLIMMIX) to
compare mean number of all butterfly observations for both
habitat types and survey methods (SAS Version 9.4, SAS
Institute Inc., Cary NC, USA). We used a Poisson distribution
to correct for unevenly distributed survey data (Stigler 1982).
The overall type III F-test for each fixed effect was followed up
by pairwise comparisons of least square means using Tukey’s
HSD to adjust for multiple comparisons (SAS 2017). We de-
clared significance at p < 0.05. Categorical variables included
in the model were date, site, survey method, and habitat type.
Fixed effects in themodel included survey date, surveymethod,
and habitat type. There was considerable variability in the num-
ber of sightings at each site over time. By treating survey date as
a fixed effect, this forced the comparisons between survey
methods to be made within a specific day. Random effects
included site (for each habitat type) and the interaction of date,
survey method, and site for each habitat type.

Occupancy modeling

We constructed models in R Version 3.0.2 (R Core Team
2013) with the RMark package (Laake 2013) to estimate oc-
cupancy and detection probabilities for each lepidopteran fam-
ily by survey method and habitat type. We also used these
models to determine importance values for survey year and
habitat type related to occupancy, and for habitat type and
survey method related to detection. Occupancy models con-
tain two components: an estimate of occupancy (Ψ), the prob-
ability that a species is occupying a site, and an estimate of
detectability (pj), the probability that a species will be detected
if they do occupy a site (MacKenzie et al. 2002).

We first developed occupancy models for individual spe-
cies, using only the 25 species observed more than five times,

based on preliminary analysis of species-specific occupancy
models, which indicated that survey method and habitat type
became important determinants in models with more than five
observations. We developed a set of 12 models for each spe-
cies, including all combinations of variables (survey method,
habitat type, and year). We then combined the models for all
species within a family group to create composite models for
each of the five families represented by the species in our
dataset.

Model selection We tested the family models by using site-
and survey-specific variables. For occupancy (Ψ), we investi-
gated survey year and habitat type. For detection estimates
(pj), we investigated habitat type and survey method. The
relative quality of each family model was measured by using
the Akaike information criterion (AIC; Akaike 1974), averag-
ing AIC and ΔAIC for each species included in a family mod-
el. Average scores for ΔAIC were re-scaled so that the lowest
average was equal to zero allowing us to standardize model
selection criteria. We chose models based on two criteria: 1)
the detection (pj) component of the model included survey
method and habitat type as variables, and 2) the model was
within two ΔAIC of the best fitting model (Burnham and
Anderson 2002).

Detection estimates and importance values The occupancy
models we selected provided family-level detection assess-
ments for habitat type and survey method. Detection histories
for each family were collated as a binary variable within each
year for habitat type and survey method (1 = at least one but-
terfly in a family was observed, and 0 = no butterfly in that
family was observed). Survey year was also recorded and used
to determine importance values for occupancy. Detection
probabilities were calculated by estimating occupancy rates
with detection probabilities <1.0, as described by
MacKenzie et al. (2002). We calculated 95% confidence in-
tervals with R (R Core Team 2013) to determine differences
among detection estimates for habitat types and survey
methods. To assess the relative importance of different model
variables, we summed the Akaike weights (wi) for each model
in which the variable of interest occurred (Wagenmakers and
Farrell 2004).

Results

Survey observations

We conducted 198 surveys (66 using each method) during the
2 years of observations. We detected 2,227 butterflies
representing 38 known species (some skippers were identified
only to family) and five families (Table 1 and Appendix A).
Of these, 332 butterflies representing 24 species were
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observed with Pollard transects; 1,316 butterflies representing
38 species resulted from purposive point counts; and 579 but-
terflies representing 30 species resulted from random point
counts. Habitat-specialist species (Vogel et al. 2010)
accounted for 88 (4%) of our sightings (Table 2).

Comparison of habitat types

We observed a total of 1,076 butterflies in public gardens and
1,151 in restored prairies (Table 1). No significant difference
in the total number of butterflies was detected between the two
habitat types (p = 0.58, t = 0.61, df = 3.93). Several species
were observed only in public gardens: checkered white
(Pontia protodice), cloudless sulphur (Phoebis sennae), com-
mon checkered-skipper (Pyrgus communis), coral hairstreak
(Satyrium titus), crossline skipper (Polites origenes), hackber-
ry emperor (Asterocampa celtis), red-spotted purple
(Limenitis arthemis arthemis), regal fritillary (Speyeria
idalia), and wild indigo duskywing (Erynnis baptisiae).
Those observed only in prairie areas included bronze copper

(Lycaena hyllus), giant swallowtail (Papilio crephontes), little
wood satyr (Megisto cymela), and silvery checkerspot
(Chlosyne nycteis) (Appendix A).

There was no significant difference in the number of ob-
servations of habitat-specialist species between the two habitat
types (p = 0.14, F = 2.47, df = 14). Although we documented
only a third as many sightings of habitat specialists in public
gardens (21) compared to prairie areas (67), we did note a
larger number of habitat-specialist taxa in public gardens (7)
than in prairie areas (5) (Table 2). Bronze copper, great span-
gled fritillary and viceroy were among species detected more
frequently in prairie areas. However, habitat-specialist species
in the family Hesperiidae (crossline skipper and Delaware
skipper) were observed more often in gardens (7 sightings)
than in prairie areas (5 sightings).

Comparison of survey methods

The standardized dataset (equivalent survey time and area)
included 1,361 butterflies representing 38 known species

Table 2 All habitat-specialist species (classified as per Vogel et al. 2010) and species of special concern (denoted with an asterisk, classified as per
IDNR 2007) observed using three survey methods at six study sites (three public gardens and three restored prairie areas) during summer 2015 and 2016

Habitat Type

Species (common name) Species
(scientific name)

Public gardens Prairie areas Total

Bronze copper Lycaena hyllus 0 17 17

Coral hairstreak Satyrium titus 1 0 1

Crossline skipper Polites origenes 4 0 4

Delaware skipper Anatrytone logan 3 5 8

Gray copper Lycaena dione 1 3 4

Great spangled fritillary Speyeria cybele 10 25 35

Regal fritillary* Speyeria idalia 1 0 1

Viceroy Limenitis archippus 1 17 18

Wild indigo duskywing* Erynnis baptisiae 2 0 2

Total sightings 23 67 90

Table 1 Numbers and proportions of all butterfly sightings by habitat
type (public gardens and prairie areas) and survey method (Pollard
transects, purposive, and random point-count surveys). Butterfly surveys

were conducted approximately every 2 weeks at six sites in Ames,
Ankeny, and Des Moines, central Iowa, between late May and late
September, 2015 and 2016

Public gardens Prairie areas Combined

Survey method Number of sightings Percent of garden sightings Number of sightings Percent of prairie sightings Number of all sightings

Pollard transects 125 11.6 207 18.0 332

Purposive point counts 687 63.8 629 54.6 1316

Random point counts 264 24.5 315 27.4 579

Total taxaa observed 34 89.4 29 76.3 38

All sightings 1076 48.4 1151 51.6 2227

a Some skippers were not identified to species
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and five families. Of these, 297 butterflies were observed by
using Pollard transects, 798 by using purposive point surveys,
and 266 by using random point surveys. Overall, purposive
point surveys generated a greater number of sightings than did
Pollard transects (p < 0.0001; Table 3) or random point sur-
veys (p < 0.0001; also Table 3). There was no significant dif-
ference in the number of sightings between Pollard transects
and random point surveys (p = 0.46, Table 3).

The standardized dataset included 702 sightings in gardens
and 659 in prairies. While using Pollard transects, we ob-
served 109 butterflies in public gardens and 188 in prairie
areas. Purposive point-count surveys included 456 sightings
in gardens and 342 in prairies, and random point counts in-
cluded 137 sightings in gardens and 129 in prairie areas.
Within habitat types, purposive point surveys also generated
more sightings than did either Pollard transects or random
point surveys in both gardens and prairie areas (p < 0.0001;
Table 4). However, there were no significant differences in the
number of sightings in either gardens or prairies when Pollard
transects were compared to random point surveys (p = 0.69
and p = 0.23, respectively; Table 4).

Occupancy modeling

Model selection At least one model that we generated met our
selection criteria for four families: Lycaenidae (gossamer-
winged butterflies), Nymphalidae (brush-footed butterflies),
Papilionidae (swallowtails), and Pieridae (whites and sul-
phurs) (Table 5). We did not generate any models that met
our criteria for the Hesperiidae (skippers) (none was within
two ΔAIC of its best fitting model). For each of the remaining
four families, there was one model that met both model selec-
tion criteria: p (~Survey + Environ)Ψ(~1). This was the best
model for the Lycaenidae, Papilionidae, and Pieridae, and was
1.63 ΔAIC from the best model for the Nymphalidae.

Detection estimates and importance values We were able to
produce detection estimates for the Lycaenidae, Nymphalidae,
Papilionidae, and Pieridae. Detection estimates indicated that
there was a significant difference (based on non-overlapping
95% confidence intervals, Table 6) between purposive point
counts and random point counts in both garden and prairie

areas for the Pieridae. There were no significant differences
in detection estimates between any of the other survey-method
and habitat-type combinations, although the number of
sightings generated by using purposive point counts was con-
sistently higher than those for the other methods (Table 6).
Detection estimates were particularly high for the Pieridae
based on purposive point surveys (0.88 in both gardens and
prairies) and low for the Papilionidae based on Pollard tran-
sects (0.07 in gardens and 0.03 in prairies). Detection esti-
mates were also significantly lower for the Papilionidae than
for the other three families across all survey types in both
habitats (again, based on non-overlapping 95% confidence
intervals per Table 6).

To predict occupancy for species in the Hesperiidae,
Nymphalidae, Papilionidae, and Pieridae, habitat type impor-
tance values were relatively low (Table 7). However, habitat
type was important for the Lycaenidae. Survey year influ-
enced only one family, the Hesperiidae (most likely due to
less experience identifying species within this family during
the first year). For detection, importance values indicated that
habitat type was generally more important than was survey
method for all families except the Papilionidae. Habitat type
was especially important for detection of butterflies in the
Pieridae (importance value of 1.00).

Discussion

Understanding the influence of habitat type on site occupancy
and population size is crucial for conservation management.
For population monitoring, different survey methods may af-
fect the ability to detect butterflies in particular habitat types.
Here, we evaluated the number of butterflies observed, as well
as the number of species present, in public gardens and restored
prairies in urban areas. We used three survey methods to deter-
mine the number of butterflies and the number of species pres-
ent on the different site types and to assess whether there were
differences in detection ability. Based on data standardized for
equivalent survey effort, there were no significant differences in
the number of butterfly sightings between habitat types, al-
though we did detect more butterflies in both habitats when
using purposive point counts as compared to modified Pollard

Table 3 Comparison of standardized number of butterfly sightings
made by using Pollard transects, purposive point counts, and random
point counts at six sites in Central Iowa during summer 2015 and 2016.
Means represent the average number of butterflies observed during a

single survey at a site. All pairs’ analysis of variance (ANOVA) compar-
isons were based on Tukey’s honest significant difference (HSD) to detect
differences among survey methods

Survey method 1 Mean Survey method 2 Mean Mean difference Standard error p value t df

Pollard transect 4.50 Purposive point count 12.09 −7.59 0.11 < 0.0001 −14.37 191

Pollard transect 4.50 Random point count 4.03 0.47 0.12 0.46 1.84 191

Purposive point count 12.09 Random point count 4.03 8.06 0.12 < 0.0001 15.79 191
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transects or random point counts. The survey method used, in
any case, should depend on the purpose of the study.

Survey observations

The total number of butterflies we observed (2,227) in our
urban surveys was similar to previous butterfly surveys con-
ducted in rural Iowa, although we acknowledge these studies
were conducted over different timespans and for other specific
purposes. For example, Myers et al. (2012) observed 2,110
butterflies, Vogel et al. (2010) observed 2,779 butterflies, and
Shepherd and Debinski (2005) observed 1,314 butterflies in
their earlier studies. Although we observed comparable num-
bers of butterflies in our surveys of both types of urban hab-
itats, the number of butterflies was low when corrected for
equivalent survey effort (e.g., number of butterflies encoun-
tered per minute of surveying or per m of transect distance) in
relation to several previous surveys conducted in rural areas of
Iowa. For example, we detected an average of 0.36 butterflies
per minute in urban habitats, as compared to 0.83 per minute
observed in rural roadside prairies (Ries et al. 2001), 0.88 per
minute in recently established experimental prairie plantings
(Myers et al. 2012), or 1.75 per minute in preserved prairie
remnants (Vogel et al. 2010). This is consistent with other
studies in which investigators directly compared butterfly
populations along transects extending from rural to urban
areas and found fewer in urban settings (e.g., Blair 1999; Di
Mauro et al. 2007). However, it is also the case that general
declines in butterfly populations have been observed both
globally (Dirzo et al. 2014; Dennis et al. 2017) and in the
Midwest (Cameron et al. 2011; Swengel et al. 2011) since at
least the early 1990s, which may affect the comparability of
our surveys with the earliest of those identified above.

The number of butterfly taxa we observed (38) was some-
what greater than previous surveys in rural areas (e.g., 25
species observed by Ries et al. 2001, 37 species recorded by
Shepherd and Debinski 2005; and 31 species noted in Myers
et al. 2012). Although in some instances these earlier studies
were conducted during a shorter interval, this number of taxa is

somewhat surprising given findings of other researchers who
concluded that urban areas were characterized by lower species
richness (e.g., Hardy and Dennis 1999; Yahner 2001;
Stefanescu et al. 2004; Posa and Sodhi 2006; Clark et al.
2007). There were seven habitat-specialist species (Vogel
et al. 2010) and two species of special concern (IDNR 2007)
among the taxa we observed, but they accounted for a relatively
small proportion of all observations (4%) compared to earlier
surveys (e.g., 32% for Ries et al. 2001 and 50% for Vogel et al.
2010). The presence of two species of special concern (regal
fritillary, Speyeria idalia, and wild indigo duskywing, Erynnis
baptisiae) in public garden habitats suggests that these areas
have some potential to provide habitat for relatively rare spe-
cies, however these species accounted for only three of our
observations. Thus, although urban areas can offer resources
that support some habitat specialists and species of concern, it is
also true that habitat fragmentation and low species mobility
may restrict their movement into urban habitats in general, and
the scale at which these habitats can meet conservation needs
may be limited (Warren et al. 2001; Concepción et al. 2015).

Comparison of habitat types

We observed the highest numbers of both individual butter-
flies and different species in public gardens, but differences
between habitat types were not significant. This contradicts
previous studies in which researchers observed fewer butter-
flies and lower species diversity in areas with increased levels
of human disturbance (Di Mauro et al. 2007; Öckinger et al.
2009). However, other studies have shown that, rather than
proximity to urban development, the characteristics of the
habitat itself, including vegetation structure, as well as habitat
quality and diversity, have greater influence on butterfly spe-
cies richness (Collinge et al. 2003; Botham et al. 2015) and
abundance (Collinge et al. 2003). This is not to say that but-
terfly species richness or abundance at any given site reflects
the ability of the site to actually sustain butterfly populations –
there may be instances when small habitat areas embedded in
an urban matrix are ecological traps (e.g., Battin 2004;

Table 4 Comparison of standardized number of butterfly sightings
made by using Pollard transects, purposive-point counts, and random-
point counts in public garden and restored prairie habitat types. Means
represent the average number of butterflies observed in each habitat type

during a single survey at a site. All pairs’ analysis of variance (ANOVA)
comparisons were based on Tukey’s honest significant difference (HSD)
to detect differences among survey methods within each habitat

Habitat type Survey method 1 Mean SE Survey method 2 Mean SE Mean diff. SE diff. p value t df

Public gardens Pollard transect 3.30 0.39 Purposive point count 13.81 0.38 −10.51 0.16 < 0.0001 −12.58 191

Public gardens Pollard transect 3.30 0.39 Random point count 4.15 0.38 −0.85 0.18 0.69 0.41 191

Public gardens Purposive point count 13.81 0.38 Random point count 4.15 0.38 9.66 0.16 < 0.0001 12.82 191

Prairie areas Pollard transect 5.70 0.38 Purposive point count 10.36 0.37 −4.66 0.15 <0.0001 −7.48 191

Prairie areas Pollard transect 5.70 0.38 Random point count 3.91 0.38 1.79 0.16 0.23 1.19 191

Prairie areas Purposive point count 10.36 0.39 Random point count 3.91 0.38 6.45 0.15 < 0.0001 9.45 191
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Robertson and Hutto 2006) or function simply as waypoints
along migratory pathways.

Comparison of survey methods

Both our analyses of variance and detection estimates indicat-
ed that survey method strongly influenced the number of

butterflies we observed.We observed relatively few butterflies
by using Pollard transects. In extreme cases, as with
Papilionidae species, it was estimated that 93% of potential
sightings went undetected in public gardens and 97% were
undetected in prairie areas when using Pollard transects. The
fixed location of these transects may undercount localized,
sedentary or elusive species (Royer et al. 1998; Shuey and

Table 5 Occupancy models, mean Akaike information criterion scores
(μAIC),ΔAIC, and Akaike weights (wi) generated for butterfly sightings
based on standardized data for habitat types and survey methods. p
indicates detection and Ψ indicates occupancy. “~Survey” refers to
survey method, “~Environ” refers to habitat type, and “~Year” refers to

the year in which the survey was completed. Models listed are ≤ 3.0
ΔAIC from the best model for all families combined and for each
family. The model we chose for all families and for each family is
indicated in bold typeface

Model μAIC ΔAIC wi

All Families
p (~Environ)Ψ(~Year) 112.30 0.00 0.26
p (~Environ)Ψ(~1) 113.30 1.00 0.16
p (~Survey + Environ)Ψ(~Year) 113.82 1.51 0.12
p (~Survey + Environ)Ψ(~1) 114.31 2.01 0.09
p (~1)Ψ(~Year) 114.35 2.04 0.09

Hesperiidae
p (~1)Ψ(~Year) 64.85 0.00 0.47
p (~Environ)Ψ(~Year) 65.94 1.09 0.27
p (~Survey)Ψ(~Year) 67.85 3.00 0.11

Lyceanidae
p (~Survey + Environ)Ψ(~1) 108.18 0.00 0.21
p (~1)Ψ(~Environ) 108.50 0.32 0.18
p (~Environ)Ψ(~1) 108.89 0.71 0.15
p (~Survey)Ψ(~Environ) 109.70 1.52 0.10
p (~Environ)Ψ(~Environ) 110.39 2.21 0.07
p (~Survey + Environ)Ψ(~Year) 110.58 2.40 0.06
p (~Environ)Ψ(~Year) 110.64 2.46 0.06
p (~Survey + Environ)Ψ(~Environ) 110.78 2.60 0.06

Nymphalidae
p (~Environ)Ψ(~1) 124.00 0.00 0.15
p (~Environ)Ψ(~Year) 124.19 0.19 0.14
p (~1)Ψ(~Year) 124.29 0.29 0.13
p (~1)Ψ(~1) 124.39 0.40 0.12
p (~1)Ψ(~Environ) 124.42 0.42 0.12
p (~Survey + Environ)Ψ(~1) 125.62 1.63 0.07
p (~Survey)Ψ(~1) 125.80 1.80 0.06
p (~Survey)Ψ(~Year) 125.89 1.90 0.06
p (~Survey + Environ)Ψ(~Year) 126.14 2.14 0.05
p (~Survey)Ψ(~Environ) 126.23 2.24 0.05
p (~Environ)Ψ(~Environ) 126.41 2.41 0.04

Papilionidae
p (~Survey + Environ)Ψ(~1) 86.32 0.00 0.16
p (~Survey)Ψ(~1) 86.52 0.20 0.14
p (~Survey)Ψ(~Environ) 87.15 0.83 0.10
p (~Survey)Ψ(~Year) 87.34 1.03 0.09
p (~Environ)Ψ(~1) 87.42 1.10 0.09
p (~Survey + Environ)Ψ(~Year) 87.44 1.12 0.09
p (~1)Ψ(~1) 87.92 1.60 0.07
p (~Environ)Ψ(~Year) 87.96 1.64 0.07
p (~1)Ψ(~Year) 88.25 1.93 0.06
p (~1)Ψ(~Environ) 88.34 2.03 0.06
p (~Survey + Environ)Ψ(~Environ) 89.16 2.85 0.04
p (~Environ)Ψ(~Environ) 89.26 2.94 0.04

Pieridae
p (~Survey + Environ)Ψ(~1) 184.03 0.00 0.34
p (~Environ)Ψ(~1) 184.82 0.79 0.23
p (~Survey + Environ)Ψ(~Year) 185.83 1.80 0.14
p (~Environ)Ψ(~Year) 186.07 2.04 0.12
p (~Survey + Environ)Ψ(~Environ) 186.78 2.75 0.09
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Szymanski 2012). Because of this, Pollard transects are often
modified according to habitat characteristics or research pur-
pose, sometimes to the extent that they more closely resemble
meandering or visual-encounter surveys (e.g., Collinge et al.
2003; Vogel et al. 2010). Although Pollard transects can be
placed specifically to pass through optimal habitats, especially
in public gardens, there are also likely to be less suitable areas
(such as areas of mown lawn) along the distance covered by
transects, which may decrease the frequency of butterfly
sightings. In prairie habitats, where the amount and location
of floral resources change over time, the fixed location of
Pollard transects may also decrease the overall number of

Table 6 Detection estimates and 95% confidence intervals calculated for each family by habitat (public gardens and prairie areas) and survey method
(Pollard transects, purposive, and random point counts)

Public gardens

Survey method and butterfly family Detection estimate Lower confidence interval Upper confidence interval

Pollard transects

Lycaenidae 0.41 0.28 0.56

Nymphalidae 0.59 0.45 0.72

Papilionidae 0.07 0.02 0.19

Pieridae 0.67 0.52 0.79

Purposive point counts

Lycaenidae 0.55 0.41 0.69

Nymphalidae 0.76 0.63 0.86

Papilionidae 0.31 0.19 0.47

Pieridae 0.88 0.77 0.94

Random point counts

Lycaenidae 0.38 0.21 0.60

Nymphalidae 0.50 0.36 0.64

Papilionidae 0.11 0.04 0.24

Pieridae 0.63 0.48 0.76

Prairie areas

Survey method and butterfly family Detection estimate Lower confidence interval Upper confidence interval

Pollard transects

Lycaenidae 0.20 0.11 0.32

Nymphalidae 0.47 0.34 0.61

Papilionidae 0.03 0.01 0.09

Pieridae 0.65 0.48 0.79

Purposive point counts

Lycaenidae 0.30 0.19 0.45

Nymphalidae 0.66 0.52 0.78

Papilionidae 0.14 0.07 0.28

Pieridae 0.88 0.76 0.94

Random point counts

Lycaenidae 0.18 0.08 0.36

Nymphalidae 0.38 0.26 0.52

Papilionidae 0.04 0.01 0.12

Pieridae 0.61 0.47 0.74

Table 7 Sum of Akaike weights for determining variable importance to
estimate occupancy and detection for all species combined and by family

Occupancy Detection

Taxa Year Habitat type Habitat type Survey method

All species 0.51 0.16 0.71 0.33

Hesperiidae 0.90 0.03 0.36 0.18

Lycaenidae 0.16 0.41 0.62 0.48

Nymphalidae 0.37 0.23 0.46 0.30

Papilionidae 0.31 0.23 0.44 0.62

Pieridae 0.26 0.16 1.00 0.57
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sightings across a season compared to methods that allow
surveyors to meander within a habitat. At the same time,
Pollard transects may be better for long-term monitoring or
to detect trends over time at a particular location (e.g.,
Pleasants et al. 2017).

Our purposive point-count surveys accounted for two-
thirds of all sightings, which is not surprising since the points
where we focused these observations were in areas providing
abundant resources, primarily tied to floral cover. Purposive
point counts in gardens allowed survey effort to be concen-
trated in areas where butterflies were more likely to be present,
increasing the probability of sightings. Further, purposive
point surveys conducted in prairie areas can facilitate obser-
vations that follow natural changes in the location and density
of floral resources over time. Thus, survey effort can focus
more efficiently on areas where sightings are more likely.
Especially for collection of species-specific data, surveyors
may choose to conduct purposive point surveys to facilitate
examination of particular habitat types (e.g., Royer et al. 1998;
Henry et al. 2015; Kral et al. 2018).

Our random point-count results were similar to those from
Pollard transects. Random point counts can be used in butter-
fly surveying to allow for unbiased estimation of butterfly
density within a habitat, especially to develop comparisons
over time (Henry et al. 2015). Although this makes random
point counts desirable for surveying purposes, they are less
useful for detecting species with specific habitat needs (e.g.,
thick brush, or species-specific host plants) if none of the
random points is located within the necessary habitat (Henry
et al. 2015).

Occupancy models

Model selection The occupancy model we selected did not
include survey year or habitat type. We did not expect survey
year to be a significant factor, because our surveys covered a
broad range of lepidopteran species with differing environ-
mental requirements and were conducted during the same
time interval each year under a narrow range of specified
weather conditions. Further, the likelihood of habitat type af-
fecting butterfly family occupancy at these sites was low,
since nearly 95% of the butterflies we detected were habitat
generalists. For detection, however, habitat type was impor-
tant, and detection estimates were higher in gardens. This may
be related to relative ease of observing butterflies when they
are present because the floral resources that attract them are
more clustered and the areas between them allow better visual
access in intensively managed landscapes. In addition, in
some cases intentional garden designs and use of plant species
in those designs provide important resources to attract butter-
flies. In contrast, in prairie areas where floral resources were
more evenly distributed, differences in our ability to detect
butterflies, while still significant, were not as pronounced.

Detection estimates and importance values Detection esti-
mates were relatively high for purposive point counts. For
example, for the Lycaenidae, detection estimates using purpo-
sive point surveys were 34% greater in gardens and 53%
greater in prairie areas. And, although detection estimates
were lower overall for the Papilionidae, they were 343% and
367% greater for purposive point counts than for Pollard tran-
sects in gardens and prairie areas, respectively. For other fam-
ilies, we also observed somewhat greater detection estimates
for purposive point counts compared to Pollard transects, but
the relative differences were smaller.

Survey efficiency can vary depending on the array of spe-
cies occupying a site (Kéry and Plattner 2007), and our ability
to detect butterflies may have been affected by species-
specific behaviors. Other researchers have reported that
Pollard transects may not be effective for detecting butterflies
which have secretive behaviors, such as generally low flight,
habits of resting in covered areas, infrequent nectaring, and/or
being relatively sedentary (e.g., Shuey and Szymanski 2012).
Compared to Pollard transects, purposive point counts can
more easily focus on specific habitat requirements (e.g., spe-
cific host plants or structural characteristics). The higher de-
tection estimates we observed with purposive point counts
may also translate to less survey effort required to determine
species occupancy within a site. For example, Kéry and
Plattner (2007) suggested that it may take up to 20 Pollard
transects to approach detection rates close to one. However,
in the urban areas we explored, our data suggest that purposive
point counts may make it possible to reduce the survey time
and/or survey area needed to detect a species. Species-specific
characteristics may also affect detectability. For example, de-
tection estimates were significantly lower for the Papilionidae
than for three other families with respect to both habitat type
and survey method. It is possible that detection estimates are
lower for the Papilionidae because they are stronger flyers and
move across greater distances that exceed the “envelope” of
space-constrained sampling methods.

Importance values were relatively high for detection by
survey method for species in two families, the Papilionidae
and Pieridae, and were moderately high for the Lycaenidae.
Survey method was less important for detection of species in
the Hesperiidae. This could be because observers’movements
associated with Pollard transects may flush males of the
Hesperiidae, thus butterfly behavior itself increases the rela-
tive effectiveness of that method compared to the other two.

Summary and conclusions

Our findings confirm that urban areas, such as public gardens
and restored prairies, provide important habitat for butterflies,
and that a variety of butterfly species, including a limited
number of habitat specialists, are present in these areas.
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However, we cannot determine if the presence of these species
in these settings sustains their populations (i.e., through suc-
cessful reproduction). Purposefully created habitat in urban
settings, particularly for urban areas in landscape matrices that
otherwise have limited resources for butterflies (e.g., inten-
sively managed agricultural landscapes), can likely support a
number of butterflies and species richness similar to that of
larger, more rural habitat areas within the same eco-region. It
is important to note that our study sites were all relatively large
(ranging from 1.1 ha to 2.5 ha) in comparison to habitats that
may be created by individual homeowner participants in out-
reach programs, such as those offered by local and national
conservation organizations. Determining the effectiveness of
those broadly dispersed but very small-scale features, such as
individual home gardens, could likely be accomplished by
using purposive point-count surveys and provide additional
information useful for municipal-scale conservation efforts.

We did not detect differences in the number of butterflies in
public gardens compared to restored/reconstructed prairie
areas. Some factors that we did not quantify in our analyses,
including vegetation structure and diversity, amount of organ-
ic matter, or other edaphic characteristics of specific locations,
could play a role in habitat selection by butterflies. Based on
our findings, even though habitat specialists were present in
both prairie and garden habitats, they accounted for a small
percentage of our observations. Special consideration could
be given to developing high-quality areas for habitat special-
ists within urban settings, such as mass plantings of specific
host plants or landscape configurations that provide for other
habitat structure needs.

Although Pollard transects have long been a standardmeth-
od for butterfly surveys, in this study, they generated relatively
few butterfly observations. All of our analyses indicate that
purposive point surveys were more effective in both urban
habitat types than were the other survey methods we tested.
We consistently observed greater numbers of butterflies and
butterfly species by using purposive point-count surveys and
would recommend standardizing this method for butterfly sur-
veys in relatively small, urban habitat areas. Further, based on
areas where we observed large numbers of butterflies, we
suggest that both garden and prairie designs could be en-
hanced by including more, denser and/or larger clusters of
floral resources that would attract and benefit butterfly
populations.
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