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Abstract. Spatial distribution of native lepidopteron species was @é&uahin correlation with
various environmental components of restored prairie habitats in Barry County, Michigan. We
examined the influence of host and nectaring plant species as well asatitade on

distribution. By using markecapture methods wesassed individual movement patterns in
relationship with environmental quality. By assessing the relative altitude of capture locations,
we determined that breeding populations of butterflies, specifigalbjhydryas phaeton

(Baltimore Checkerspqtpreferto aggregate in areas higher in elevation than the surrounding
environment. From this we can deduce that areas of high vegetative quality (e.g., host and
nectaring plant densities) are not predictive of high butterfly concentration and thatefiefo

of sites (e.g. hilltops) is more important. In addition butterfly species were catalogued and
capture data were used in the development of approximate flight periods.

INTRODUCTION

Butterflies (Lepidoptera) are a diverse taxa that use grassland veg#&iafamaging and
mating. The movement of individual species most influenced by encounters with host plant
species (ovipostional) and nectar producing plant species (foraging) (Thomas and Singer 1987,
Matter et al. 2003). Other features, such as-made suctures (roads, buildings) and areas of
prominent vegetation have been associated with movement and distribution of insect species
(Ehrlich and Wheye 1986, Scott 1986, Alcock 1987).

Female distribution is affected by two distinct factors: host plardsactar producing
plants. Therefore, they aggregate in concentrated areas of these resources (Odexledaal et
1989). Males are attracted to areas of high female density, suggesting high male densities in
areas of high host and nectar producing plantisgeHowever, male harassment often results in
females avoiding such areas (Odenedaal. 4989), causing variation in male and female
distribution.

An insectobés perception of habitat quality
encounter host ph species (Thomas and Singer 1987). Increasing abundance of nectar flowers
directly increases emigration but likely has no affect on immigration (Matter et al. 2003). Thus, a

diverse selection of nectar producing and host plant species attracts a ramse group of



foragers who are less likely to leave such a site. Therefore, high species richness in such
locations is indicative of high ecological function (Tillman and Downing 1994). A decrease in
concentration of host and nectar producing patchesondé butterflies to abandon a habitat
patch. (Crone and Shultz 2003)

Environmental features important for survival and reproduction are important in insect
habitat selection but are often difficult to define (Sharp et al. 1974). Habitat suitatili#yaed
upon the presence of obvious plants. Those species with limited movement must often accept the
host species present in their vicinities regardless of their preference (Thomas and Singer 1987,
Dunn 2008). Distribution of plant resources is criticabath population structures and
distribution (Sharp et al 1974). Even if butterflies have a high preference for particular landscape
features, there is still a stochastic component in movement and distribution (Crone and Schultz
2003).

Butterflies and dter insects frequently aggregate on distinct topographical features
(hilltops) to facilitate mate location (Shields 1967, Scott 1974, Alcock 1884gs in these
locations are thought to have higher success than other areas (Ehrlich and Wheye 1986). There
little evidence to support this phenomenon, but it is likely that hilltopping behavior is closely
associated with the law of energy conservatiim€lds 1967, Scott 1974, Alcock 19&hrlich
and Wheye 1986).

In butterfly species, both sexes will\ted considerable distances to reach mating sites.
Males tend to remain in sites favorable for mating, whereas females will likely relocate. In

diurnal Lepidopterdbutterflies),two matelocating behaviors are utilized (Scott 1975):

1) Perching is a behavian which males rests, usually at topographical or vegetation sites.

Males wait to investigate passing objects and possible breeding females.
2) Patrolling is a behavior in which males continuously fly to seek out potential mates.

Butterflies restrict theirlight activities to areas of high ecological function that maintain the
environmental features necessary for their survival and reproduction (Sharp et al. 1974). The
factors that dictate flight activities (distribution and dispersal) are of key ecologmeadst as

effective movement is detrimental to species preservation. Distribution and dispersal amongst a



species genetically link isolated metapopulations throughout complex habitats (Cowley et al.
2000, Wilson and Thomas 2002). By monitoring the factbat influence movement, prairie
restoration projects will be able to assess species health and prevent genetic isolation (Pollard
and Yates 1993, Dunn et al. 2006, Koperski 2007).

Prairies and grassland communities are rare in the Great Lakes regrondal. 2006).
Most remaining patches of prairie vegetation are second growth with only a small percentage of
the remaining prairies having never been cultivated (Chapman and Crispin 1984). These few
remaining remnants are isolated from other patcheghwikely impact the population
dynamics of those organisms which inhabit them. Therefore, to maintain high ecological

function, species must have access ideal environmental components within patch boundaries.

We examined the significance of sevesaVironmental variables on intpatch
distribution in various prairie dwelling Lepidoptera species. Concentrated populations of
breeding Lepidoptera species were sampled to predict preferences of these variables in regards to

distribution. Our objectivefor this study were:

A Assess the progress of the Pierce Cedar Creek restoration project by sampling

Lepidoptera taxa.

A Assess the significance of distribution factors that influence movement in isolated prairie
habitats.

A Analyze the importance of topograpai features in butterfly distribution in cetation

with vegetative quality
METHODS
Study Area & Butterfly Survey

Butterfly populations were sampled in four distinct restored grassland prairie locations at
Pierce Cedar Creek Institute, Barry County, #dm June 18-June 28 2009 and July 12
2009July 24" 2009. The four sites were in various stages of restoration and will be referred to as
Field 1 (Southeast Yellow Prairie), Field 2 (Southwest Orange Prairie), Field 3 (Northwest

Orange Prairie) anBield 4 (North Red Prairie). Fields were sampled using sweep netting



techniques with a soft Bio Quip butterfly net through the plant canopy along evenly spaced

transects.

Piece Cedar Creek Institute is located on 661 acres and maintains once falldisldsm
that have been restored into traditional prairie habitats. The restored prairies, which have
undergone a series of burning, mowing, and planting, consistéatdfopogen geradiiBig
bluestem)Schizachyrium scopariufiittle Bluestem) Sorghastrm nutangIndian grass),

Elymus Canadens{€anadian wilerye), Asclepias tuberos@utterfly Weed) Rudbeckia hirta
(Black-eyed SusanRudbeckia pinnatéGrey-headed coneflower) and other prairie grasses and

wildflowers.

Transects were established evebypaes (1 pace = 1 metdhroughout each prairie
along which any visible butterfly would be sampled. Any butterfly observed but not collected
was not recorded.epidoptera species were identified usketerson Field Guiddsastern
Butterflies (Opler ad Malik 1992) and Michigan Butterflies and Skippers (Nielsen MSU 1999),
in addition to professional resources and preserved specimens maintained by Pierce Cedar Creek
Institute.Mark-recapturanethods (MRR) (Sheppard and Bishop 1973, Dunn 2008) werdgaised
assign a unique 1 letter/2 Digit tag number to individual butterflies. MRR techniques require the
wing to be folded and marked on the outer bottage of the hind wing withggmanent
markingpen (Sharpiejdeveloped by Ehrlich and Davidson (1960) aefined by Dunn 2008]
Individuals were imradiately recorded according $pecies, sex, quality and locatith a
Thales MobileMapper Pro GPS. Quality was assigned to each individual by a scale of 1 (high
guality wing condition), 2 (moderate wing conditjaand 3 (poowing condition). Aftermarking
and recording individuals were immediately released. Recaptured individuals were recorded in a
separate spreadsheet and were assigned a different attribute in the GPS device.

Vegetation Analysis

Four equal ditant transectwere establishedithin each study site. They were
systematically placed evenly within each prairie using a MobileMapper Pro GPS and
MobileMapper Office Software. Along these transects, stratified sampling was used to establish

vegetation fots. To establish plots along each transect, we would walk 25 paces and generate a



random numbefThis random number would be used to identify a unique place in which a 1

meter X 1 metequadrat would be established (Figurg.13

Within each unique vegation quadrat, vegetation was both qualitatively and
guantitatively assessed. The entire plot was observed for % coverage (both total and grass
coverage), blooming flowers present, nectaring species present, and host species present. The
concentrations afiectaring plants and host plants were then assigned a qualitative rank based on
their densitywithin a plot; 1 (heavy concentration), 2 (Moderate concentration) 3 (infrequent
concentration). Individual plot locations were recorded via a GPS device tfeleeteback to
with seasonal vegetation developméfig(re 14. Oneway analysis of variance tests were used
to test for significance of vegetatiand topographical analysis on butterfly distributions using
Stastistix 9.0.

Spatial Distribution

Data colected with the Thales MobileMapper GPS was analyzed using MobileMapper
Office and ArcGis software. Spatial distribution was examined for each study site using habitat
layers provided by Pierce Cedar Creek Institute. Digital elevation models and topographic

sequence models were used to assess the butterfly elevation distribution.

Before butterfly sampling commenced, the perimeter of each study site was plotted to
approximate the bounds of each prairie. The perimeters of biologically significant areas (i.e.
hilltop, isolate deciduous clusters, lowland marshes) were plotted as separate entities within the
larger habitats to allow for further investigation of habitat variation. Spatial data were extracted
from ArcGis and compounded using Microsoft Excel. Spdigiribution statistics were
analyzed using ArcGjsS.P.S.S 14.0 and Statistix 9.0.

Sampling sites were assessed based upon a spatial grid. The ArcGis grid allowed
individual cells to be evaluated based upon vegetation quality, elevation, and ceptitg @y
ranking each cell according to the elevation of the area and the quality of the vegetation present,
distribution preferences could be predicted based upon capture success. Vegetation quality was
based upon plots within a grid while elevation wased upon the Barry County digital elevation
model. These data allowed investigation of the importance of vegetation (host vs. nectaring

species) and elevation in butterfly distributiéiigure 15).



RESULTS

We successfully captured and tagged 311 Hiige from June 1&une 20 2009, and 174
butterflies from July 14 July 24 2009. We recaptured 23 individuals (7.96%) in the first capture
period and 16 individuals (10.1%) in the second capture period. From JinedZD we
identified 17Lepidopteraspecies and from July 3duly 24 we identified 9 Lepidopteispecies.

Each period was dominated by an individual spe&eaphydryas phaetoim June (55.9% of all
captures) an€olias philodicein July (49.4% of all captures). All sites had considerable
varnation in capture success in June (Prairie 1 = 60.5%, Prairie 2 = 21.7%, Prairie 3 = 10.7%,
Prairie 4 = 6.9%) and July (Prairie 1 = 22.6%, Prairie 2 = 20.7%, Prairie 3 = 9.8%, Prairie 4 =
47.0%) (Table 1). Species identified also varied from June towitlyhigh species variation

occurring in July (Figure 1 and 12)

Individual study plots varied with capture successes. Prairie 1 had high capture success of
Euphydryas phaetoim June (130) whereas Field 4 had high capture succ&xdiat philodice
in Juy (64). We also see variation in species diversity success amongst each study site in June
(Prairie 1 = 8, Prairie 2 =10, Prairie 3 =5, Prairie 4 = 7) and July (Prairie 1 = 6, Prairie 2 =4,
Prairie 3 =4 , Prairie 4 = 6) (table 1). We also seatiari in the vegetation analysis from June
to July in host species, nectar producing species, percent cover, and flowers present (Table 2,

Table 3). No significant fluctuations were noted in Prairie 4.

Distribution was location dependent. There was nudtfer elevation preference for all
fields, but Prairie 1 hathe highest capture succeashigh elevation (Figure 3) in June. In July,
capture success was high at high elevation in Prairie 2 (Figure 3). We also see more success with
male captures in Pra 1 in June as well as in Prairie 2 in July. No other study location showed
a strong propensity toward capture success at high elevation (Figure 4). Females in Prairie 1 did
aggregated at high el evations i ne(Hgure®.Webut th
did not observe any significance in female elevation preference in correlation with their wing

quality (Figure 6).

Butterfly capture success was not influenced by flower densities. No obvious trends were

present to suggest any preferefareareas with higher blooming flower concentrations in



correlation with capture success. This is consistent for both capture periods (June and July)
(Figure 7).

Butterfly capture success was not influenced by host plant ovipositional species. No
obvious trends were present to suggest any preference for areas with higher ovipositional sites
had any influence on the distribution of species (p>0.005). This is consistent with both capture
periods (June and July) (Figure 8).

Butterfly captures success wast imfluenced by the percent ground coverage. There was
no significance in capture success (P>0.005) in correlation to the percent vegetation coverage
within randomly sampled quadrats. This is consistent for both capture periods (June and July)
(Figure 9).

Butterfly capture success was significantly influenced by nectar producing plant
concentrations. In June, we noticed butterflies distributing more heavily in areasghitmoist
plant densities (P<05). In July, we noted trends to suggest a preferemcaréas maintaining
high concentrations of nectar producing plants, but did evidensénwanclusive (p<Q@)
(Figure 10).

Euphydryas phaetoshowed a strong preference for areas of high elevations, with 50.5%
of captures occurring at high elevation,I¥ occurring at a median elevation, and 15.3%
occurring at low elevation (June 1@une 20 200)Colias philodiceshowed no preference for
elevation in their distribution, with 29.5% of captures occurring at high elevation, 30.2%

occurring at a medianefation, and 36.4 occurring at a low elevation (Figures 11 and 12).
DISCUSSION

Various environmental features are associated with butterfly movement patterns and
distribution(Sharp et al. 1974, Luoto et al. 2001, Scott 19TAgse features are often base
upon the surrounding vegetation; however this is not always th¢Siaiséds 196Scott 1974)
Other features, such as manmade structiegs, roads, buildinggnd hilltops can influence the
distribution more than vegetation, particularly in denselycentrated breeding insect

populations.



We did not gather conclusive evidence to suggest that butterfly distribution is based

solely upon elevation. However, our data does suggest that elevation can play an important role

in distribution in relationship o t he | ocati on. Pierce Cedar Cr

project has developed contrasting prairies that have independent influence on distribution. In
areas with high vegetation quality (Prairie 2), we exguitct see more sporadic disperssl a
individuals have access to various resources, both for foraging and reprodMetitar et al.

2003, Thomas and Singer 1987, Sharp et al. 19¥@Wever, in areas of intermediate vegetation
quality (Fields 1 and 3), we expect to see distribution pattewngregated to areas of high
vegetative quality or areas maintaining useful environmésatlires (Matter et al. 2008hrlich
and Wheye 1986\reas of low vegetation quality, both foraging and reproduction (Prairie 4),
have high concentrations of geakst butterflies Colias philodicé and clusters of diversity and
high concentrations of butterflies in isolated areas of high quality vegetation.

Our data suggests that butterflies favor nectar producing plants for foraging purposes
when considering o#r vegetation features (host species, ground cover, flowers). This is likely
due to high caloric output during breeding periods and the energy requirements to replaces this
output that nectar provides. Our capture success in areas of high foragingigitgesrihat
butterflies consistently favor foraging locations when distributing through a heterogeneous

landscape.

Generalist butterfly distribution throughout a complex landscape is more sporadic and
less dependent on environmental features, as noaticgdlias philodice This is because
generalists are able to exploit a more diverse range of res@litteras and Singer 1987)
Specialists, however, have more predictable dispersal as they can only exploit a select amount of
resources, as seenkiphydas phaetonWe expect specialist species to congregate in areas of
high ecological functioffMatter et al. 2003)In the absence of high quality vegetation, we
expect to see species utilizing other environmental features that facilitate overall sudival an

reproduction, such as elevation.

There are many explanations why environmental features maintain appeal to insects,
most of which rela toenergy conservatioBy aggregating in areas of high elevation,
butterflies are able utilize thermoregulation wHeraging and locating mates (Shields 1967,

Scott 1974, Alcock 1987). Thermoregulation allows minimal energy expenditure for males while

e



patrolling for females as they are able to fly aloft thermal currents. By congregating in areas of
high elevation, buaerflies may be able to maintain higher internal temperatures by utilizing both
warm air thermals and immediate ultraviolet rays from the sun. We notice that in the absence of
high quality vegetation, butterflies are more likely to utilize environmengdlifes that

encourage energy conservat(@hields 1967)This behavior is energetically efficient as

butterflies not maintaining access to resources that fuel caloric expenditures must store energy

when possible

Acknowledgments:

Thank you so much to myreazing summer assistan€hantel Caldwell, Melissa Bobowski,
Brian Wilder, Kevin WilderandPCCI Staff

Special thanks to Pierce Cedar Creek Institute, Matt Dykstra, Dr. Shaily Menon, Dr. Erik
Nordman, Aaron Ashbrook, Derek Loutzenhiser, Dr. James Bamrtheir invaluable assistance
in the field and during analysis.

* Any further publications will be submitted to Pierce Cedar Creek Institute.



Table I. Capture success of identified Lepidopteron species in four study plots: Southeast Prairie (Prairie
1), Southwest Orange Prairie (Prairie 2), Northwest Orange Prairie (Praire 3) and North Red Prairie
(Prairie 4). Capture periods were recorded in two periods: Jurleiié 20 2009, and July1# July 24"

20009.

Prairie (June 107 June 20 2009)
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Euphydryas phaetofBaltimore Checkerspot)
Vanessa virginiensi@American Painted Lady)
Lycaena phlaeas (American Copper)
Papilio polyxene¢Black Swallowtail)
Lycaena hyllugBronze Copper)

Pieris rapag(Cabbage White)

Colias philodicgClouded Sulphur)

Papilio cresphonte@Giant Swallotail)
Speyeria Cybel&Great Spangled Fritillary)
Danaus plexippuéMonarch)

Colias eurythemé€Orange Sulpur)

Vanessa aalui (Painted Lady)

Phyciodes tharoéPearl Crescent)
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Limenitis arthemis (Red Spotted Purple)
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Megisto cymeldLittle Wood Satyy
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Prairie (July 1471 July 24 2009)

Euphydryas phaetofBaltimore Checkerspot)
Vanessa virginiensigAmerican Painted Lady)
Lycaena phlaesaAmerican Copper)

Colias philodicg(Clouded Sulphur)

Cupido comyntaéEastern Tailed Blue)
Speyeria Cybel@Great Spangled Fritillary)
Danaus plexippuéMonarch)

Colias eurythemé€Orang Sulpur)

Megisto cymelgdWood Nymph)
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Table II. Vegetation analysis of study plots from Juné& 1Qne 20 2009 within spatial grids in each
prairie. Vegetation was observed for flowers, perceatall coverage (% Coverage), host species,
nectaring species, elevation rank (per study plot), capture success, and recapture success.

% Host Nectaring Elevation
Field Grid | Flowers Coverage Species Species Rank Captures Recaptures
1 1 25 91 7 2 5 11 3
1 2 173 92 10 6 1 8 1
1 3 0 97 2 6 6 3 0
1 4 44 94 5 4 2 1 1
1 5 15 100 4 5 7 6 0
1 6 46 97 6 10 3 3 0
1 7 74 92 3 7 4 5 0
2 1 39 78 2 11 4 20 1
2 2 57 85 2 12 1 32 5
2 3 77 80 4 14 2 18 3
3 1 20 98 1 8 4 6 1
3 2 26 86 4 5 3 7 1
3 3 2 86 1 6 2 11 0
3 4 13 71 1 4 1 3 0
4 1 7 75 1 7 1 0 0
4 2 0 75 0 6 8 1 0
4 3 0 64 0 8 5 0 0
4 4 1 90 1 6 2 2 0
4 5 0 63 0 8 7 0 0
4 6 0 97 0 5 6 0 0
4 7 1 84 3 7 4 9 1
4 8 0 49 2 5 9 0 0
4 9 0 71 0 7 10 3 0
4 10 0 50 0 11 3 2 0
4 11 0 76 1 11 11 2 0




Table Ill. Vegetation analysis of study plots from Julyi 1uly 24 2009 within spatial grids in each
prairie. Vegetation was observed for flowers, percent overall coverage (% Coverage), host species,
nectaring species, elevation rank (per study pbatpture success, and recapture success.

% Nectaring Elevation
Field Grid | Flowers Covg Host Species Species Rank Captures Recaptures
1 1 45 86 3 2 5 3 0
1 2 8 91 2 5 1 9 0
1 3 30 93 5 5 6 1 0
1 4 32 96 4 5 2 5 0
1 5 35 95 2 3 7 0 0
1 6 31 94 0 8 3 3 0
1 7 95 92 2 5 4 1 0
2 1 39 82 3 11 4 6 0
2 2 25 84 3 11 1 0 1
2 3 37 82 3 12 2 8 0
2 4 24 92 5 4 3 0 0
3 1 18 98 1 6 4 4 1
3 2 56 96 1 7 3 7 0
3 3 68 77 3 7 2 6 0
3 4 114 100 1 4 1 1 0
4 1 7 75 1 7 1 0 0
4 2 0 75 0 6 8 8 1
4 3 0 64 0 8 5 1 0
4 4 1 90 1 6 2 2 1
4 5 0 63 0 8 7 6 1
4 6 0 97 0 5 6 5 1
4 7 1 84 3 7 4 10 1
4 8 0 49 2 5 9 8 2
4 9 0 71 0 7 10 6 0
4 10 0 50 0 11 3 3 0
4 11 0 76 1 11 11 2 1




All Species Captures June 10 - June 20 2009

M Baltimore

B American Painted Lady

B American Copper

M Black Swallow Tail

B Bronze Copper

H Cabbage White

m Clouded Sulphur

B Giant Swallow Tail

m Great Spangled Fritillary

m Monarch

B Orange Sulphur

M Painted lady
Pear| Crescent
Question Mark
Red Spotted Purple
Silvery Checkerspot
Little Wood Satyr

Figure 1. Percent of species captured in correlation with total capturesfaiaes June 10 June 20
20009.



All Species Captures July 14 - July 24 2009

B American Copper

B American Painted Lady
M Baltimore

B Clouded Sulfur

M Eastern Tailed Blue

B Great Spangled Fritillary
m Monarch

m Orange Sulfur

Wood Nymph

Figure 2. Percent of species captured in correlation with total captures for all prairies Juiyly. 24
20009.
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Figure 3. Capture success at elevation ranks high, middle, and low for both capture peciomdiedfer
all species and both sexes.
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Figure 4. Male capture success at elevation ranks high, middle, and low for both capture periods.
Recorded for all species



- 35
o
S
S 30 -
~—
(L]
o 25
2
S 20 -
Ity m High
Q 15 -
32 B Mid
2 10 -
] o Low
= 5
i+ -
£
o

0_

1 2 3 4
Prairie

@ 9
2
=t 8
~
~ 7 -
S 6
E 4 - m High
2 3 4 m Mid
5
] i o Low
@ 2
£ 1-
o

0_

1 2 3 4
Prairie

Figure 5. Female capture success at elevation ranks high, middle, and lothfoapture periods.
Recorded for all species.
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Figure 6. Female capture success at elevation ranks high, middle, and low, in correlation to female wing
quality for both capture periods. Recorded for all species
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Figure 7. Butterfly captursuccess for all species in correlation to blooming flowers observed in each
vegetation plot. Recorded for males and females in both capture periods.
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Figure 8. Butterfly capture success for all species in correlation to host plant speciesctimseach
vegetation plot. Recorded for males and females in both capture periods.
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Figure 9. Butterfly capture success for all species in correlation to percent coverage observed in each
vegetation plot. Recorded for males and females in kagtuce periods.
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Figure 10. Butterfly capture success for all species in correlation to nectaring species observed in each
vegetation plot. Recorded for males and females in both capture periods.
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Figure 11 Euphydras phaetooapture success high, mid, and low elevations for all study sites from
June 10 June 20 2009.
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Figure 12 Colias philodicecapture success as high, mid, and low elevation for all study sites from July
147 July 24 2009.



Figure 13 Prairie locatias outlines with unique butterflies identified as individual attributes. Spatial
distribution analyzed using ArcGIS.



Figurel4 Spatial distributions of vegetation plots. Plots within each cell were used to obtain vegetation
quality data.



