•
Vol. 32, No.4

Winter 1999

THE

GREAT LAKES
ENTOMOLOGIST

PUBLISHED BY

THE MICHIGAN
ENTOMOLOGICAL
SOCIETY

THE GREAT LAKES ENTOMOLOGIST
Published by the

Entomological Society

Volume 32

No.4
ISSN 0090-0222
TABLE OF CONTENTS

First record of Dorocordulia /ibera (Odonala: Corduliidae) in Ohio in 75 years
Eric G. Chapman.
. .. . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . 238
Aberrant wing pigmentation in Ubellula luctuosa specimens in Ohio
Eric G. Chapman, Slephen W. Chorda, III and Robert C Glotzhober

. 243

Survival and growth 01 two Hydraecia species (Lepidoptera: Noctuidae) on eight
Midwest grass species
Bruce L Giebink, J Mark Scriber and John Wedberg

. 247

New Canadian Asilidae from an endangered Ontario ecosystem
. . . . .. ..
J H. Skevington. . .

. 257

Observations of prairie skippers (Oarisma poweshiek, Hesperia dacolae, H. olfoe, H. leonardus
pawnee, and Airytone orog05 iowa [Lepidoptera: Hesperiidae) in Iowa, Minnesota, and
Norlh Dakota during 1988-1997
Ann B. Swengel and Scott R. Swengel.
A method for making customized, thick labels for microscope slides
David JVoegtlin ..

COVER PHOTO
Poweshiek skipperling (Oarisma DOlf{eshiekl neetaring on ox eye (He/iopsis he/iantholdes).
by Ann B. Swengel.

267

.293

THE MICHIGAN ENTOMOLOGICAL SOCIETY
1999-2000 OFFICERS
President
President Elect
Treasurer

Ron Priest
Balogh
~L
Nielsen
Robert Kriegel
Randa11 Cooper
Robert Haack
Therese Poland

Journal
Newsletter Editor
Associate Newsletter Editor

The Michigan Entomolo!,cical
traces its origins to the old Decyoit
and was
on 4 November
to
promote the :::cience of t?ntomolog~; in
and by all
and to advance cooperation and good l~l"'-'" ~l""U
attempts to facilitate the exch=ge .of
in
and encourages the srudy of i:asects by youth.
in
the Society,
serves the North
States and adjacent C~-:lada. open to all persons
terested in entomology: There are four paying classes of meIT"bE,sl-ip:
i(. ,

•

Dues are paid on a calendar year basis (,Jan, I-Dec. 31 .
before July 1 shall begin on t'oe ),"CcCeE;::
cepted at a
shall begin the following J anuar:'· 1 de" :~_e ea:;:-:'er
is TP{11lf'",,'n
the required dues are paid. All members in good standing ~ec~;·:~ t!:i:c :\07Osl"':tE'1' of the
lished quartel'iy, All active and sustaining member, may \'0te E s,=-c:e::,:; af'ai:!cs.
All dues and contributions to the Society are deduc:ible

1~:'"

F ,C:,or2: :':'c(,me tax purposes,

SUBSCRIPTIOX L"TOIDHTIOX
Institutions and Uq~"Jll~"U()lJ",
may subscribe to The
published
The Great
are

as well as indi'iduCC:s L :
tl:.e bEnefits of lllt'IUUJ:t OJI1~,
Entomologist at the ,ati' c·:
per yolume. The journal
are accepted only on a ·;c:=e .Jc :3sues
copies of
available at S6.QO each. ",'Or!:: ::0 percent discount for
or more

Positive microfilm copies of the C:L."Ten:: ';olume of The Great Lakes En
will be available at nominal cost. to members and bema
suhscribers of the
ediat the end of each volume
Please address all 0rders and inquiries to
Mi300 Zeeb Road, Ann
~Iichigan .!,sl06. esc\.,
about back numbers, subscriptions and Society busines, should be directed to the Sec
aUCW'!5dU ""llLUU.'V"J!5'~'U Society, Department of Entomology. ~Iich.igan State
USA. Manuscripts and related cOlTespondence should be
inside back cover J.

wrrw,wgl,Sl

Copyright@ 1999, The Michigan Entomological Society

1999

THE GREAT LAKES ENTOMOLOGIST

239

FIRST RECORD OF DOROCORDULIA LIBERA
(ODONATA: CORDUUIDAE) IN OHIO IN 75 YEARS
Eric G. Chapman 1

ABSTRACT
A population of the Racket-tailed Emerald, Dorocordulia libera, was
found at Singer Lake, a collection of numerous bogs in southern Summit
County, Ohio. This species was previously known in Ohio from two speci
mens collected 22 June 1924 from a bog in Geauga County. Between 8 June
and 23 July 1999, 14 male and 3 female specimens were collected at Singer
Lake. Notes on this species behavior and flight season in Ohio are presented.

The Racket-tailed Emerald, Dorocordulia Libera (Selys 1871), is a small
greenish-black Emerald (Corduliidae) with a pronounced club-shaped tail. It
inhabits "bog ponds, or bog or marsh bordered lakes and sluggish streams"
(Walker and Corbet 1975). Its published geographic range extends from
northern Indiana (Borror and Epstein 1942) northwest through Minnesota
into Ontario, east to Prince Edward Island, and south to New Jersey (Bick
and Mauffray 1999). Thus, northern Ohio appears to be the southern range
limit of D. lib era at this latitude. Prior to 1999, the Racket-tailed Emerald
had been known in Ohio from 1 male and 1 female specimen collected on 22
June 1924 by J. C. Pallister at Bradley Pond (now known as Lake Kelso), a
bog lake in Geauga County (Borror and Epstein 1942). These specimens are
deposited at the Cleveland Museum of Natural History, and they likely rep
resent a population that has been extirpated from the Lake Kelso / Fern
Lake Bog system, as many visits in the 1990s to that area by members of the
Ohio Odonata Society have failed to yield any specimens (Bob Glotzhober,
pers. comm.).
MATERIALS AND METHODS
Singer Lake, located in southern Summit County, Ohio, is quite possibly
Ohio's largest remaining bog system, with approximately 150 acres of wet
lands, including severalleatherleaf (Ericaceae: Chamaedaphne calyculata)
bogs. One of the leatherleafbogs covers 26 acres, the largest such bog in Ohio
(Jim Bissell, pers. comm.). Singer Lake was visited 1~3 times per week be
ginning 8 June 1999 and ending 1 August 1999. A standard aerial net was
used to capture the Racket-tailed Emeralds, and behavioral notes were
taken. Voucher specimens, collected on 12 separate visits, were deposited at
the Ohio Historical Society, at the Cleveland Museum of Natural History,
and in the author's personal collection.
IDepartment of Biological Sciences, Kent State University, Kent, Ohio 44242
0001.
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Figure 1. Number of specimens and dates of D. libera taken at Singer Lake
on various dates in 1999.

RESULTS AND DISCUSSION
Between 8 June and 23 July 1999, 14 male and 3 female D. lib era speci
mens were collected from Singer Lake (Fig. 1). Although no formal counting
was done, the population was most abundant from its discovery on 8 June
until around the end of June, after which its numbers gradually declined
until only one was seen in a 2 h period on 23 July. It is likely that its flight
season begins around the last week of May for the following reasons: (1) fully
mature individuals were seen flying on 8 June and it usually takes a week or
so for the maturation process to occur; (2) the earliest record for Michigan is
17 May (Mark O'Brien, pers. comm.), and the earliest record for New Jersey
is 24 May (May and Carle 1996); and (3) the Ohio Odonata Society visited
the site on 15 May 1999, and none were observed (Bob Glotzhober, pers.
comm.). During its peak flight season, individuals could be seen flying from
around 1000 h until dusk. During July, D. libera was most often seen in the
warmest part of the day between 1300-1700 h.
In June, teneral individuals were seen up in the woods between 50-200
m away from the water. They flew short distances (several meters) back and
forth about 1 m off the ground in sunny clearings or trails, and rested hori
zontally on the top surfaces of large tree leaves in direct sunlight 1 or 2 m up.
Near water, mature individuals typically flew about 1 m offthe ground (more
often over land adjacent to the open water than over the water itself) in an
undulating flight pattern similar to other Emeralds. They seemed to prefer
to fly along the edges of forest clearings or along the shaded edges of large
solitary trees. Their flight was fairly slow, "lith rapid wing beats, and when
viewed from the side, the abdomen was held slightly arched (concave down
from base to apex). Like many other dragonflies, they seemed to disappear as
soon as the sun went behind a cloud, after which a few individuals were seen
hanging vertically from the undersides of tree branches 1-5 m up. Males did
not seem to be territorial; no male-male chases were observed, even during
peak population densities. Although males and females were seen in close
proximity both near and away from water, neither breeding nor oviposition
behavior was observed.
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ABERRANT WING PIGMENTATION IN LlBELLULA LUCTUOSA
SPECIMENS FROM OHIO
Eric G. Chapman 1, Stephen W. Chordas 1112 and Robert C. Glotzhober3

ABSTRACT
Over the past few years we obtained three female Libellula luctuosa
specimens, all collected in northeast Ohio, which exhibited unusually re
duced wing pigmentation. The individuals were extremely difficult to iden
tify as most keys rely heavily upon wing pigmentation for identification of
many Libellula species. A description of this aberrant wing pigmentation and
a photograph are provided.

As most odonate enthusiasts know, the Widow Skimmer (Libellula luctu
osa Burmeister 1839) is a common (often abundant) species found around
lentic habitats throughout much of North America. It can often be immedi
ately recognized in the field by the distinctive large black band covering the
basal portion of the wings. Most keys rely largely upon this characteristic to
separate L. luctuosa from other Libellula species. Needham and Westfall
(1955) separates L. luctuosa in the first couplet by stating "basal third of
both fore and hind wings covered full width by blackish band; wing tips
clear." An example of this typical L. luctuosa wing pattern is illustrated in
Figure 1. Until recently, these characteristics, although sometimes slightly to
highly variable, usually worked for us to identify Ohio L. luctuosa specimens.
During the latter part of 1996 and again in 1997, we collected a total of
three female L. luctuosa specimens (all from northeast Ohio) that had re
markably aberrant wing pigmentation patterns. These specimens were
nearly devoid of the black basal wing band and had distinctively darkened
wing tips (Figure 2). This pigmentation is almost opposite of the key charac
teristics as stated in Needham and Westfall (1955) and we had great diffi
culty identifying the specimens using this key. We have found that it is not
uncommon to find female L. luctuosa specimens with a faint to distinctive
darkening at the wing tips, but never before had we observed any Ohio speci
mens in which the basal black bands were mostly absent. We tentatively
identified the specimens as L.luctuosa strictly based on characteristics listed
in the Libellula adult measurements table of Needham and Westfall (1955).
We then sent the specimens to Sidney Dunkle (Collin County Community
College, Plano, Texas) who verified their identification as L. luctuosa and
stated that the specimens had the least amount of basal wing pigmentation
that he had ever seen for this species.
A few points stand out about these specimens. They are not teneral indi
viduals, suggesting that their wing pigmentation (Figure 2) represents their
lKent State University, Department BSCI. Kent, Ohio 44242-0001
20hio Biological Survey, 1315 Kinnear Road. Columbus, Ohi.o 43212.
30hio Historical Society, 1982 Velma Avenue. Columbus, Ohio 43211-2497.
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1. Libellula luctuosa specimen with typical wing pigmentation, col
from Stark County; Ohio, July 1990.

Figure 2. Libellula luctuosa specimen with aberrant wing pigmentation, col
lected from Mahoning County, Ohio, September 199B.

'0
'0
'0

Table 1. Collection and repository information of the aberrant L. luctuosa specimens.
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mature wing pattern, they are all female and two of the three specimens
were collected on the same day approximately 40 km apart (in northeast
Ohio) (Table 1). These individuals are obviously very uncommon but repre
sent such a large deviation from the normal wing patterns, which are often
used as the sole key character for specific identification, that they merit re
porting here.
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SURVIVAL AND GROWTH OF TWO HYDRAECIA SPECIES
(NOCTUIDAE: LEPIDOPTERA] ON EIGHT MIDWEST GRASS SPECIES
Bruce l. Giebink 1,2,

J. Mark Scriberl and John Wedberg 3
ABSTRACT

Grasses play a critical role in the life cycles of both the hop vine borer
(Hydraecia immanis) and potato stem borer (H. micacea), two potentially se
rious agriculture pests. Neonate larvae of both species (Noctuidae: Lepi
doptera) were reared on eight selected grasses and corn for 14-18 days under
greenhouse conditions to determine their survival and growth. These were
quackgrass (Agropyron repens), smooth bromegrass (Bromus inermis), or
chardgrass CDactylis glomerata), large crabgrass (Digitaria sanguinalis),
barnyardgrass (Echinochloa crusgalli), giant foxtail (Seteria faberii), wild
prosso millet (Panicum millaceum), Johnsongrass (Sorghum halepense), and
corn (Zea mays). In a separate, concurrent experiment, H. immanis and H.
micacea larvae were reared on quackgrass, smooth bromegrass and orchard
grass (narrow-stemmed grasses) and sampled after 7, 10 and 14 days. H. im
manis larvae generally grew more slowly and dispersed less quickly than H.
micacea larvae.
The fewest H. immanis and H. micacea larvae were recovered from giant
foxtail. H. immanis larvae reared on quackgrass, smooth bromegrass and or
chardgrass (thin-stemmed grasses) "outgrew" their hosts by the third instar
and rapidly dispersed, particularly from quackgrass. Due to the unique inter
nal stem-feeding behavior of these larvae the stem thickness becomes a con
straining factor regarding duration of suitability to serve as a larval host.
Grass feeding has tremendous significance regarding the geographic spread,
local population densities, phenological damage periods, and cultural control
methods such as crop rotation for these two noctuid species.

Populations of two related, but rare, stem boring noctuid caterpillars,
Hydraecia immanis Guenee (hop vine borer) and H. micacea [Esper] (potato
stem borer), suddenly increased to damaging levels in cornfields of the mid
western United States and Canada after 1976 (Muka 1976, Scriber 1980,
Giebink et al. 1984). Larvae of both species initially feed within the stems of
various grasses and then switch to other host plants including corn (Zea
mays L.) and hops (Humulus lupulus L.) (Hawley 1918, Giebink et al. 1984).
This early association with grasses is critically important and is demon
strated by the pattern of damage in cornfields which tends to be the most in

1 Department of Entomology, Michigan
2 Current address: Department of Soil

State University, East Lansing, MI 48824.
Science, University of Minnesota, St. Paul,

MN 55108.
3 Department of Entomology, University of Wisconsin, Madison, WI 53706.
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tense in the rows adjacent to weedy vegetation CDeedat et aL 1983, Giebink
et al. 1984).
Late in the summer, the females of both species oviposit within the leaf
sheaths of grasses. The eggs overwinter and hatch the following spring (Dee
dat et aL 1983, Giebink et aL 1984). Initially larvae feed within stems of the
new growth and we believed that they eventually outgrow their hosts (espe
cially thin-stemmed species) and are therefore forced to disperse to plants
which have thicker stems. This study was designed to evaluate the stem-size
hypothesis.
Weeds in and around corn fields, particularly perennial grasses, often
serve as pest reservoirs by providing oviposition sites for the females and
food for emerging larvae. Although a number of hosts have been reported for
H. immanis (Tietz 1972, Hawley 1918) and H. micacea larvae (Deedat 1980,
Brittain 1918, Guenee 1852, Nordstrom et aL 1941, 1974, Seppanen 1970,
West 1984, Zwolfer 1962), relatively little is known about their feeding be
havior and performance across a range of potential weed hosts commonly
found in plant communities in and around midwestern corn fields (Scriber
1999). We conducted experiments to assess larval survival and growth on se
lected grasses that differ in phenology, stem thickness, growth form, and root
system. Such information is fundamental to determining the limits to geo
graphic spread and locations of potentially high population densities of these
two noctuids across the Midwest.
MATERIALS AND METHODS
We measured larval survival and growth of hop vine borer and potato
stem borer on eight grass species and corn with each treatment replicated
five time per borer species. The study, completely randomized and conducted
under controlled-environment greenhouse conditions with Metalarc® full
spectrum illumination and temperature regulation was also repeated three
times with H. immanis
summer, fall) and twice with H. micacea
(spring, fall) larvae.
Grass species tested were quackgrass (Agropyron repens (L.) Beauv),
smooth bromegrass (Bromus inermis Leyss), orchardgrass (Dactylis glomer
ata (L.», large crabgrass (Digitaria sanguinalis (L.) Scop.), barnyardgrass
(Echinochloa crusgalli (L.) (Beauv», giant foxtail (Setaria faberii Hermm.),
wild prosso millet (Panicum milliaceum (L.», Johnsongrass (Sorghum
halepense
Beauv), and corn (Zea mays). Plants were all 51-55 days old
when larvae were placed on them. The first two grasses are generally rather
narrow-stemmed (1-2 mm) compared to the orchardgrass and foxtail and
also usually less than 3 mm diameter.
Grass seed was obtained from either wild plants or F & J Seed Service,
P.O. Box 82, Woodstock, IL 60098. Seeds were planted directly into plastic
pots (21 cm diam. x 20 em ht.) filled with autoclaved soil (equal parts com
post, field soil, and sand), grown under Metalarc c1': high-intensity lamps
(15L:9D photoperiod), watered as necessary and fertilized every two weeks.
Two weeks prior to introducing the larvae, the plants were thinned to ca. 30
plants per pot. Temperatures ranged from 14°e (evening) to 30 0 e (day).
Larvae were obtained from eggs deposited on grasses in greenhouse
cages during late June through July the previous season. After remaining in
the greenhouse for 3-4 weeks, these eggs were then removed from the
plants, chilled (5.6°e) for eight or more weeks, and then incubated at 21°e
for one-two weeks prior to starting the experiment.
To prevent larval escape, a combination of screen cylinders and Teflon®
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coatings were used on each pot. The Teflon® coating (Phillips and Burkholder
1976), applied in a 3 cm band to the inside of the pot rim with a cotton-tipped
applicator prevented any larvae from crawling out of the pot. The screen
cylinders (81 cm diam. x 50 or 80 cm high) kept all foliage directly above the
pots, thereby preventing escapes via overhanging
Nonetheless, some
larvae disappeared.
At first hatch, Parafilm® packages of 20 eggs each (all viable and ready
to hatch) were pinned to the base of a centrally located stem in each
po1Jreplication (i.e., 100 neonate larvae per grass species). This was done at
dusk to maximize larval establishment. Mter 14-18 day larval feeding peri
ods, all plants were gently uprooted, placed in labeled plastic bags, refriger
ated, and later examined for damage and dissected for larvae. Surviving lar
vae were characterized for instar and weight.
Using temperatures recorded by hygrothermographs placed at opposite
ends of the study bench, degree-day accumulations were calculated as in
Giebink et al. (1985) with the sine-wave method and developmental thresh
olds of 4.9°C (H. immanis) and 6.8°C (H. micacea). Centigrade Degree Days
(CDD) accumulated during these feeding periods ranged from 230-324 for H.
immanis and 203-300 for H. micacea. This averaged 12.7-21.4 CDDs per
day. Data from the replicate study dates were pooled because the controlled
greenhouse conditions were variable enough to simulate the likely variance
that would be encountered from field to field or among sites in a single field.
In a separate experiment, involving only H. immanis larvae and three
thin-stemmed grasses (quackgrass, smooth bromegrass and orchardgrass)
three pots (replications) of each treatment were sampled after 7, 10 and 14
days to observe changes in larval survival and growth over time. Correspond
ing thermal unit accumulations for these sample dates were 108, 158, and
230 CDD, respectively (Giebink et al. 1985). Again, a completely randomized
design was used. In addition to measuring larval survival, instar, and
weight, the numbers of damaged plants and stem diameters were also mea
sured.
Statistical analyses of larval survival differences (Scheffe, p<O.05) were
made after arcsine square root (%1100) transformations and analysis ofvari
ance using SAS GLM procedures (SAS, 1988). We chose Scheffe's test be
cause it is extremely conservative. The differences indicated are sure to be
real. A less conservative test would doubtless indicate more significant differ
ences between the means. For H. immanis the averages of 15 replications of
20 larvae per grass species were used (except giant foxtail, which had only 10
replications). H. micacea values (Table 1) are expressed as averages of 10
replications of 20 larvae each (except foxtail, smooth bromegrass, quackgrass
and orchardgrass that had five replications).
RESULTS
The mean larval survival of both noctuid species after 14-18 days was
consistently highest on corn and barnyardgrass, the grasses with the thick
est stems (Table 1). Giant foxtail was the poorest of all plants tested for both
H. immanis and H. micacea. Generally larval survival and growth of H. mi
cacea is greater than the survival and growth of H. immanis on these
grasses. This was reflected in the overall larval growth during each of the
studies (all treatments combined), where significantly higher weights were
observed for H. micacea than H. immanis larvae (on thin-stemmed grasses
H. micacea was 9.4 ± 2.1 compared to 3.6 :t 0.2 for H. immanis; and on other

Table 1. Host suitability criteria for two Hydraecia spp. larvae reared on grasses in the
14-18 days.
% Larval

Grass

a

Hop Vine Borer
Barnyardgrass
Corn
Wild prosso millet
Large crabgrass
Orchardgrass
Smooth bromegrass
Johnsongrass

survival
Mean :!:SE
38.2:!: 4.4
28.8 5.2
17.9 ± 4.5
17.3±3.5
16.7 :!: 4.0
15.5 ± 4.5
12.8 ± 3.6
6.1 ± 2.4
3.0 ± 0.0

a
ab
abc
abc
abc
abc
bc
bc
c

Developmental
indexb
Mean SE
3.7:!: 1.1
3.8 ± 0.2
3.4 ± 1.4
3.2 ± 0.2
3.1 ± 0.2
3.0 ± 0.8
3.6:!: 0.2
3.3 0.2
3.5 1.2

a
a
a
a
a
a
a
a
a

·eeIlllUUse. Feeding periods

Larval weigh
(mg)
Total no.
Mean:!:SE surviving larvae
11.6 ± 1.1
18.0 ± 4.7
5.1±0.7
6.4 ± 2.8
3.2 ± 0.5
2.8:!: 0.7
7.6 ± 2.2
4.0 ± 1.4
3.5 ± 1.2

a
a
a
a
a
a
a
a
a

115
85
54
52
50
47
38
18
6

from

IV

VI

o
No. plants
damagedC
Mean:!: SE
13.5 ± 1.4
8.5 ± 2.0
11.9 ± 1.5
7.3:!: 1.4
9.2:!: 1.8
13.4:!: 1.5
7.3 ± 2.2
8.6 ± 1.3
3.8 ± 0.9

a
ab
ab
ab
ab
a
ab
ab
b

Plant stem diam.
(mm)d

Mean± SE
5.8 ± 0.2
3.9 ± 0.2
3.0 ± 0.1
3.7 ± 0.3
2.6 ± 0.2
1.5 ±0.1
3.8 ± 0.4
1.4 ± 0.2
2.6 ± 0.3

Potato Stem Borer
4.3 ± 0.1
Corn
45.0 ± 10.7a
4.2 0.1 a
27.6 ± 4.8 a
90
12.1 ± 1.1 a
Barnyardgrass
23.8 ± 5.6 ab
3.9 ± 0.3 a
7.3 ± 0.5 a
48
18.4 ± 2.4 a
4.7 ± 0.2
Smooth bromegrass
22.0:!: 8.0 ab
3.7 ± 0.2 a
5.9 ± 0.7 a
22
15.0 ± 1.0 a
2.0 ± 0.0
Large crabgrass
18.6 ± 6.3 ab
4.1 ± 0.2 a
13.7 ± 3.2 a
37
6.9 ± 0.8 a
3.2 ±0.3
4.0 ± 0.0 a
15.8 ± 2.6 a
10
11.2 ± 3.1 a
1.9 ± 0.1
Quackgrass
10.0 ± 5.5 ab
Johnsongrass
7.1 ± 3.6 ab
4.0 ± 0.4 a
18.4 ± 3.1 a
14
6.4 ± 1.8 a
4.6 ± 0.3
Orchardgrass
6.0 ± 6.0 ab
4.0 ± 0.0 a
4.3 ± 0.0 a
6
17.0 ± 3.6 a
3.3 ± 0.6
2.7 ± 0.1
3.1 ± 0.1 a
7.3 ± 0.2 a
13
8.:3 ± 2.3 a
Wild prosso millet
5.0 ± 3.3 ab
2.8 ± 0.7
Giant foxtail
0
b
0
6.2 ± 2.3 a
Means within each column followed by the same letter did not differ according to the Scheffe test (P < 0.05 ).
aPlant ageR
from 51-55 days old.
(e.g., 1-6 = larval instars and 7
bFor calculations of the developmental index, a numerical assignment was made for each
were excluded from the calcula
pupa, with
larvae assigned the mean value of the two instars). Replications with no
tions.
cAny degree oflarval feeding was regarded as uGtJ[llGtge.
d Values are averages of 15 and 10 replications of ca.
stems each for H. immanis and H. micacea, resnedive
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species of grasses H. micacea was 18.4 :t 3.7 compared to 1O.8:t 0.0 for H. im
=0.05, Scheffe's test).
In the concurrent study, H. immanis larvae were reared on orchardgrass,
smooth bromegrass and quackgrass and sampled after 7, 10 and 14 days
(108, 158, 230 CDD). Larval survival rapidly diminisbed as the larvae ma
tured and "outgrew" their hosts. This was most pronounced on quackgrass,
on which H. immanis survival decreased from 42% to 7% within a week. Sur
vival on other hosts was still 28% to 32% at 14 days when the experiment
was terminated. This dramatic decrease was undoubtedly due to dispersal
(or perhaps starvation in the soil without a larger host to switch to) since lar
vae feeding on quackgrass tended to grow faster than larvae feeding on or
chardgrass or smooth bromegrass and "outgrew" their hosts more quickly. In
fact, after 230 CDD, the surviving H. immanis larvae, on average, reared on
quackgrass weighed at least twice as much (10.6 mg) as the larvae on other
hosts (3.6 to 3.8 mg). Bigger larvae may have escaped despite containment
attempts and would explain the drop in survival from 10 days to 14 days on
quackgrass.

manis; p

DISCUSSION
All the grasses used in these studies support the survival and growth of

Hydraecia sp. larvae for varying periods of time. Larval developmental rates
and survival to later instars depend on the host's stem thickness. H. micacea
larvae developed faster than H. immanis larvae on all the grasses tested ex
cept barnyardgrass. Ofthe thin-stemmed grasses, larval developmental rates
were fastest on quackgrass (mean weights were 2-3 times those of larvae
reared on other grasses). In a mixed grass community, it is quite probable
that larvae feed within quackgrass stems for the first few instars, then dis
perse to smooth bromegrass or orchardgrass before moving on to available
grasses with even thicker stems such as corn, barnyardgrass, or John
songrass, much as was observed with common stalkborer, Papaipema nebris
(Alvarado 1985).
The higher mean instar and weight values of H. immanis and H. micacea
larvae recovered from barnyardgrass, Johnsongrass and corn suggests better
capability to support larger larvae. For instance, these grasses, plus large
crabgrass, were the only hosts that sustained larvae much past the third in
star.
Phenology is a critical determinant as to whether or not a particular
plant species can serve as a host for Hydraecia spp. larvae. When H. imma
nis and H. micacea larvae begin feeding in early spring the number of plant
species Hydraecia spp. can utilize as primary hosts is limited; relatively little
"green" plant material is available. Typically, perennial grasses, such as
quackgrass or smooth bromegrass are among the primary host species. The
unique stem-boring feeding behavior of the Hydraecia spp. larvae may re
strict feeding durations on a particular plant on the basis of stem thickness
alone. Of course different phytochemical and nutritional qualities will vary
among plant species and within plants (i.e. geographically, Johnson and
Scriber 1994). For example, Johnsongrass has thick stems, but is of low suit
ability for both H. immanis and H. micacea.
With Hydraecia spp., an important change in the feeding behavior occurs
by the fourth instar. Initially, the larvae feed above ground within grass
stems (until they outgrow them). But, by the fourth instar, the majority feed
either within or beside stems/roots below the soil surface. This contrasts with
most other stalk borers, which feed exclusively with the host above the soil
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surface. For example, P nebris feeds in the above ground portion of the stem
and may even pupate \,>i.thin it (Alvarado 1985, Decker 1931).
We have shown that many grasses lack sufficient stem or root mass to
support Hydraecia larvae throughout their development (Table 1). However,
in wetter or marsh-type areas, a number of perennials have thick, fleshy
culms, rhizomes, or underground roots capable of sustaining larvae until
they complete their development. These primarily include the
reeds
and several aquatic grasses. The polyphagous H. micacea has been reported
feeding on a wide variety of these wild plants from swampy or marsh-edge
habitats in Europe (Seppanen 1970, Zwolfer 1962) and Canada (Jobin 1963,
French et al. 1973). Since its recent discovery in Wisconsin and Michigan, H.
micacea has, thus far, only been reported on quackgrass, reed canary grass,
and corn-usually adjacent to marshy, low-lying habitats. However, because
over 200 sedge species inhabit these states (Fassett 1976) and H. micacea
populations generally occur near marshy habitats, it is possible that endemic
H. micacea populations are already well-established inside these unculti
vated areas.
The natural host preferences of H. immanis, however, are quite different
from those of H. micacea. H. immanis is a stenophagous feeder that does ex
ceptionally well on hops (Giebink et al. 1992), but it is not known to complete
its life cycle on any grass other than corn. To date, the only grasses naturally
hosting H. immanis are quackgrass, smooth bromegrass, and wirestern
muhly, Muhlenbergia frondosa (Poir.) (Giebink et a1. 1984, Fritz Breitenback,
pers. commun.), which are all small perennials. In Canada, several re
searchers (Jobin 1963, Deedat et a1. 1983) reported H. micacea feeding on
several annual grass species: orchardgrass, Dactylis glomerata L., green fox
tail, Setaria viridis (L.) Beauv, and barnyardgrass, Echinochloa crusgalli L.
(which is a thick-stemmed grass) and sustained larval growth much better
than any of the other annuals). Moreover, E. crusgalli, (barnyardgrass or wa
tergrass) also grows best in moist, low-lying areas.
In addition to thick-stemmed perennials already mentioned (e.g., reed ca
nary grass, sedges, and reeds) we have shown that Johnsongrass could po
tentially serve as an alternate larval host. Both its perennial phenology and
growth form make it a good candidate as a new larval host for these Hydrae
cia spp. It is an early spring perennial and its primary and secondary root
stocks and thick (up to 12 mm) fleshy culms could provide the larvae with
suitable feeding sites both above and below the soil surface, a characteristic
necessary for supporting all the stages of larval development. It could serve
as an alternate host for both species in the southern portions of their range.
This may result in additional Hydraecia spp. problems in the Corn Belt if the
weed continues to spread across the southern portions of the Midwest.
The composition of the plant community has important implications with
regard to cultural controls such as crop rotation (Southwood 1977). Based on
our results, crop rotation should be able to locally eliminate H. immanis pop
ulations if wild hops, curly dock, or
thick-stemmed grass such as John
songrass or barnyardgrass do not
in the local plant community. How
ever, the wide host range of H. micacea may overcome such constraints by
using reed, canary grass, curly dock, or other broad-leaved plants (Giebink et
al. 1992).
Historical spread of Hydraecia spp. into the USA. H. immanis is
very similar in many respects to the morphology and ecology of H. micacea
(Smith 1899, Forbes 1954, Godfrey 1981, Giebink et a1. 1984). Diagnostic
electrophoretic allozymes have been determined for distinguishing H. mi
cacea and H. immanis in the USA and Canada (Scriber et a1. 1992). Morpho
logical differences are described by Godfrey (1981). Hydraecia immanis
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pupae are slightly larger (heavier) than H. micacea (Giebink et al. 1985). The
life history of this North American native has been described in Giebink et
aL 1984, Scriber and Hainze 1988, CABI 2000).
The potato stem borer, Hydraecia micacea, is a European noctuid moth
that is currently univoltine (as is H. immanis), having a single generation
annually. It lays eggs in masses of 80-300 along the sides of grass stems with
loose leaf sheaths, and the eggs are the overwintering stage, which is 7-9
months long. 'l'he species was introduced into North America around the
turn of the century (Gibson 1908), and has slowly spread from initial estab
lishment in Eastern Canada across the Great Lakes region of North America
in Canada (Deedat et al. 1983) and the USA (Muka 1976, Scriber 1980,
Giebink et al. 1984).
In Europe, the potato stem borer is a major pest of hops (French et al.
1973). The hop vine borer is a native North American species (Guenee 1852)
that was closely affiliated with hops as a severe pest in the 1840-1870s
across the region from New York to Wisconsin (Dodge 1882, Comstock 1883,
Fletcher 1893, Howard 1897, Hawley 1918). It then disappeared from view
for approximately 100 years (1875-1975) as the hop industry moved com
pletely out of the area to the West coast states (Washington, Oregon, north
ern California and Idaho, Scriber and Hainze 1988). Only in 1975 did this
mysterious species resurface as a pest in continuous corn in a few central
Wisconsin counties (Sauk, Dane, Livingston and Richland) where the old hop
production was most intense during the 1850s and 1860s. While no signifi
cant production of hops occurred in Wisconsin since 1880 (except a brief at
tempt after prohibition in the 1930s, Scriber and Hainze 1988), there were
escaped hop vines or V'{ild hops that occurred in central Wisconsin and in 28
states from Maine to Washington. Apparently the insect had survived at very
low densities basically unknown to 20 th century entomologists (Godfrey
1981). After this 100 year period hop vine borer suddenly arose to promi
nence as a new corn pest, spreading (in noticeable damage) from this central
Wisconsin location rapidly into the adjacent states of Minnesota, Iowa and
Illinois (Scriber 1980, Giebink et al. 1984). Its presence in New York and
Michigan was not associated with pest status on corn as it was on hops 100
years earlier (Comstock 1883, Hawley 1918).
The elimination of chlorinated hydrocarbon insecticides, combined with
continuous corn production (which provided stable, dependable and excellent
food and protection for the larger instars, as hop plants did earlier), and the
increase in conservation tillage, grassy contour strips, and field-wide reduced
tillage practices (with associated grassy weeds throughout the fields, rather
than just at the fencelines) all contributed to the rapid spread and severe
damage inflicted from grass feeding larvae moving out into the corn during
the period from 1975-1985. While thousands of acres of corn were destroyed
and required replanting during this decade, little serious damage has oc
curred subsequently, perhaps because of pest recognition and cultural con
trols for this localized and sporadic pest. As with the hop vine borer, so too
the potato stem borer with nearly identical ecology (except for its wider diet
range than the stenophagous hop vine borer) showed an increased rate of
spread (or local outbreaks) during this decade across Canada (Deedat et al.
1983) and into Wisconsin (Scriber 1980, Giebink et al. 1984), Michigan (M.
Nielsen and H. Russell, pers. comm.), New York (Muka 1976), and possibly
Minnesota.
The possibility of these closely related species (H. micacea and H. imma
nis) hybridizing (Forbes 1954) may be a significant concern in the Great
Lakes region where they are becoming sympatric. The increased hybrid
vigor, expanded potential host plant range, and the faster larval development
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(and lower developmental thresholds for temperature) of some hybrids might
lead to a polyphagous and multivoltine genotype emerging much as has hap
pened with the European corn borer in the same geographic area (Scriber
and Hainze 1988). Largely free of natural enemies, both species and their hy
brids would likely enjoy a tremendous potential for rapid and unchecked geo
graphic spread, especially with two generations per season.
In Europe, parasites such as Lydella stabulans Fall (Diptera: Tachinidae)
kill as many as 57% of the potato stem borer larvae, and another species, Ly
della radicis (Townsend) may kill as many as 61% of the larvae in corn fields
near Guleph, Canada (West et al. 1984). Skunks supposedly hear the chew
ing grubs and then dig up and eat larger larvae of Hydraecia in corn (Dodge
1882, Howard 1897), but few other natural enemies are known or reported
(Hawley 1918).
Since 1985, the incidence of hop vine borer and potato stem borer dam
age in corn has been almost non-existent. We have not seen a continued geo
graphic spread in damaging population levels in Michigan, Minnesota or
Wisconsin, and only sporadic, isolated, non-economic observations have been
made (M. Nielsen 1997, K. Ostlie and P. Pelliteri, pel's. comm.). The long
term ecological research (LTER) study of various farming systems at the Kel
logg Biological Station in southwest Michigan has not observed the occur
rence of either species in the past 13 years of intense biological monitoring.
What then has caused the disappearance of both species from the promi
nent status they were achieving in Midwest cornfields? We do not really
know, although better weed control, rotation out oflong term continuous corn
cropping systems, and better scouting for early damage in local pockets could
partially explain their scarcity during the past decade. Perhaps natural
enemy pressure (parasites, predators, or pathogens) has increased somehow
(Hunter et al. 1997). In any case, grassy areas provide early instal' hosts, and
we must continue to watch for local population buiJd-ups of these two pest
species, whether or not they hybridize.
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NEW CANADIAN RECORDS OF ASIUDAE (DIPTERA) FROM AN
ENDANGERED ONTARIO ECOSYSTEM
Jeffrey H. Skevington 1,2

ABSTRACT
The Asilidae (Diptera) of Bosanquet (northern Lambton County, Ontario)
are surveyed. Forty-one species are recorded. Twelve species are published
for the first time from Canada: Atomosia puella, Cerotainia albipilosa, Cero
tainia macrocera, Holcocephala calva, Holopogon (Holopogon) oriens,
Laphria canis, Laphria divisor, Laphria grossa, Lasiopogon opaculus,
Machimus notatus, Machimus sadyates, and Neomochtherus auricomus.
These species plus the following four are new to Ontario: Laphystia fiavipes,
Lasiopogon tetragrammus, Machimus novaescotiae, and Proctacanthella ca
copiloga.

Lambton County, on the southeastern shore of Lake Huron in Ontario, is
a unique part of the Great Lakes Region. The coastal dunes and oak savan
nas of this large (91 km long by 66 km wide; 299,645 ha) county support a
wealth of plants and animals found nowhere else in Ontario (Bakowsky
1990, Lindsay 1982, Schweitzer 1984, Schweitzer 1993). This area is a col
lage of unusual and threatened habitats that include coastal sand dunes
with associated cedar savanna and wet meadows, the largest remaining frag
ments of oak savanna in eastern Canada, and lush floodplain forests contain
ing plants characteristic of the Carolinian Life Zone. As a result, the insect
fauna is diverse and unusual.
Th date, little has been published summarizing the insect diversity of
Lambton County. Species lists can be patched together from general publica
tions and revisions, but do not provide thorough base-line information on the
biodiversity of the area. Skevington and Carmichael (1997) summarized the
Odonata fauna of the area, and there is some information on Lepidoptera
(e.g. Hanks 1998, Hess et aL 1995, Packer 1987, Packer 1990, Schweitzer
1984, Skevington 1996).
The study I report here focuses on the Asilidae of Bosanquet (formerly
Bosanquet townshir,), a small (30,596 ha) but varied region at the northern
end of the county (F ig. 1). The variety ofAsilidae found in this region reflects
its unique range of habitats, and will hopefully encourage other students of
entomology to continue to document the region's biodiversity.
Asilids are an interesting group to study because they are conspicuous,
easy to collect, and relatively easy to identify. Their species-specific habitat

IDepartment of Environmental Biology, University of Guelph, Guelph, ON, NIG
2Wl, Canada.
2Current address: Department of Zoology and Entomology, The University of
Queensland, Brisbane, Qld 4072, Australia. e-mail: j.skevington@ento.uq.edu.au.
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Figure 1. Location of study area in southwestern Ontario.

specializations and their ecological role as primary predators among the in
sects also make them excellent candidates for ecological monitoring. Baker
and Fischer (1975) provide a key to most local species of robber flies, exclud
ing the djfficult subfamily Leptogastrinae. A key to the latter by Martin
(1957) is available.
In addition to data from this survey, information on Lambton asilids is
currently mostly buried in insect collections like the Canadian National Col
lection (CNC, Agriculture and Agri-Food Canada, Eastern Cereal and Oilseed
Research Centre, KW Neatby Building, Ottawa, Ontario, KIA OC6) and the
University of Guelph Insect Collection (DEBU, Department of Environmen
tal Biology, Guelph, ON, NIG 2WI). These repositories are a valuable source
of historical data for many regions, but they need to be tapped occasionally to
make the information available in a summarized form.
MATERIALS AND METHODS
The study sites, described below, are representative of habitats found
throughout the lakeshore area. They are part of an extensive corridor of nat
ural habitat that runs from Grand Bend to Kettle Point (24 km x 2 km). Part
of this coastal corridor has been granted long term protection. However,
much of this protected land is under intense human pressure. The only other
significant parcels of natural land in Bosanquet follow the Ausable River
from near Arkona to northeast of Thedford. Most of the remaining area is
farmland.
Study Site, Pinery Provincial Park. Pinery Provincial Park contains
a spectacular sequence of coastal sand dunes. A mosaic of cedar savanna,
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prairie, heath and barrens parallels the Lake Huron shore. Wet, calcareous
meadows occur in several low interdunal depressions. Oak-pine woodlands
and savannas cover the rolling dune landscape inland from Lake Huron.
River floodplain habitats occupy the inactive channel of the Ausable River,
which runs the length of this park (Lindsay 1982). Bakowsky (1990) pre
sented a detailed analysis of the floral ecology of Pinery's different habitats.
Of these vegetation communities, oak savanna is one of the most signifi
cant. According to Bakowsky (1990), savannas are the rarest of Ontario's
plant communities and at least two thirds of Pinery supports this vegetation
type. In eastern North America, oak savanna formerly flourished along the
boundary between the prairies of the midwest and the northeastern decidu
ous forest region (Bakowsky 1990). The occurrence of this midwestern vege
tation in Ontario, far from its main range, may be explained by the postu
lated hypsithermal period, when climate warmed between 4000 and 8000
years before the present (Deevey and Flint 1957, Szeicz and MacDonald
1991). This resulted in the vegetation of many upland areas in the northeast
changing from deciduous forest to prairie. Subsequent climatic cooling re
duced the extent of the grasslands, and the more recent clearing of land for
agriculture left only a few pockets of the habitat in Ontario. Oak savanna
covered 11-13,000,000 hectares of the midwestern USA at the time of settle
ment but, by 1985, only about 2,600 hectares, or 0.2% of this habitat re
mained (Nuzzo 1986). In Ontario, savanna is restricted mainly to isolated lo
calities along the shores of the Great Lakes. Many of the regionally rare
robber flies discussed below are associated with this habitat.
In recent years a dense population of white-tailed deer (Odocoileus vir
ginianus (Zimm.)) has greatly reduced the understory vegetation in Pinery
(Bakowsky 1990; Schweitzer 1993). Deer were culled in 1998 and the vegeta
tion is expected to recover. Presumably, these vegetation changes will affect
arthropod diversity and abundance.
Study Site, Karner Bb.le Sanctuary. The Karner Blue Sanctuary is a
small parcel of oak savanna in Port Franks that was purchased by LWI to
protect the last significant breeding population of the Karner Blue Butterfly
(Lycaeides melissa samuelis Nabokov) in Canada. This butterfly was extir
pated from Canada following the 1988 drought (Schweitzer 1993), but the
habitat is in relatively good condition and is protected from development.
Planted pines are being removed from the site and intermittent burns are
planned to maintain the savanna habitat. Unlike savannas in Pinery Provin
cial Park, this area has not had a large deer population. Thus, although the
general appearance of the habitat is similar to oak savanna areas in Pinery,
there are differences in arthropod fauna attributable to the denser under
story (Skevington, unpublished data).
Study Site, Port Franks Forested Dunes. In Port Franks (south of
Pinery), L-Lake and the surrounding area are protected as part of an Area of
Natural and Scientific Interest (ANSI). The Ausable Bayfield Conservation
Authority and the Nature Conservancy of Canada own this area. The Nature
Conservancy property, known as Port Franks Forested Dunes, is managed by
LWI. Many of the habitats are similar to those in Pinery, but there is consid
erably less impact from humans and deer. The lowlands on the east side of
the property are dominated by floodplain forests that differ from those in
Pinery primarily by the pronounced growth of herbaceous and woody under
story plants. In addition to the lower deer numbers, frequent flooding of Mud
Creek and the associated nutrient wash contribute to this lush landscape. In
sect diversity here is noticeably different than in the floodplain forests of
Pinery. A series of old, stabilized sand dunes bisect the property to the west
of the floodplain forest. The eastern sides of the dunes contain oak forests
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similar to those found in Pinery, the dune tops are typically cedar savanna,
and the western flank of some dunes give way to oak savanna. Eastern white
cedar (ThuJa occidentalis L.) and eastern hemlock (Tsuga canadensis (L.»
fringe L-Lake on the western edge of the property.
Study Site, Ipperwash Army Base. The Ipperwash Army Base is simi
lar to the adjacent Port Franks Forested Dunes. The most notable difference
is the presence of large coastal sand dunes. I sampled from the periphery of
this area only because I could not get permission to sample within the base.
Overall, the fauna is likely analogous to that of the Port Franks Forested
Dunes, but I would expect additional taxa to occur in the Ipperwash dunes.
Survey methods. From May 1991 to September 1994 insects were col
lected at Pinery Provincial Park. Survey work continued in 1995 and 1996,
but was less intensive. This work involved hand collecting and Malaise trap
ping in all available habitats throughout the summer. Spring and fall were
sampled less intensively. Approximately 600 hours were spent hand collect
ing in Pinery.
In 1996, survey work was expanded to include the Karner Blue Sanctu
ary and Port Franks Forested Dunes, which had received only cursory study
in previous years. Collections were made by hand and by six Malaise traps in
a variety of habitats from 1 June to 30 September. Three hundred and forty
three hours were spent in the field collecting by hand. No effort was made to
collect quantitative data. The survey is intended solely as a baseline inven
tory ofthe insect fauna of Bosanquet.
Specimens were pinned and labeled and deposited in DEBU for perma
nent storage. Duplicate specimens of most species of asilids are deposited in
the Royal British Columbia Museum (BCPM, Victoria, British Columbia,
V8V 9W2). The only specimen of Laphria grossa (Fabricius) is in the BCPM.
Additional duplicates of some species are deposited in the CNC. Scientific
names are arranged according to Fisher and Wilcox (1998). Fisher and
Wilcox (1998) also provide the most current summarized information on dis
tributions of Nearctic robber flies.
RESULTS AND DISCUSSION
Table 1 lists the species recorded during the study. Numbers under each
location refer to the number of specimens collected and do not necessarily re
flect abundance. Species published for the first time from Ontario are marked
(*) and those published for the first time from Canada are marked (**).
We did not tackle the identification of leptogastrines in this study, but
numerous specimens from the project are available in the University of
Guelph collection for anyone interested. Similarly, identification of species in
the Laphria canis complex was not attempted here. Records for L. canis
Williston and L. winneriwna McAtee were extracted from an unpublished
thesis (Bullington 1986). Revision of Laphria s.l. is currently in progress and
should facilitate the identification of this difficult group.
Schweitzer (1993) considered pine barrens and oak savannas to be the
most important habitats for rare Lepidoptera in eastern North America.
Given this background, it was not surprising to discover many new insect
records for Ontario and Canada in this area. It should be pointed out that al
though this project contributed to the documentation of 16 robber flies new to
Ontario, a survey of the CNC and DEBU collections showed that several of
these species had been collected previously in the province, most of them in
the areas examined herein. The records had simply eluded publication.
Many of the species new to Canada were expected and occur commonly in
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Table 1. Number of specimens of Asilidae species collected in Lambton County, Ontario
from May 1991 to 1996.
Number of specimens found
at locations l
Taxon
Asilidae-41+ species
Leptogastrinae-l+ species
Leptogaster spp.
Laphriinae-14+ species
Atomosiini
**Atomosia puella (Wiedemann)
**Cerotainia albipilosa Curran
**Cerotainia macrocera (Say)
Laphriini
**Laphria canis Williston
**Laphria divisor (Banks)
Laphria fiavicollis Say
**Laphria grossa (Fabricius)
Laphria index McAtee
Laphria janus McAtee
Laphria posticata Say
Laphria sarrator Walker
Laphria sericea Say
Laphria thoracica Fabricius
Laphria winnemana McAtee

KES

PFD

PPP

lAB

DET2

X

X

X

X

JS

1

6

3
14

1
6
4
1
4
6
1
5

4

7

1
1
4
3
9
4

1

SB
JS
JS
JS
JS
JS
JS
JS
JS
JS
SB

16

EF

1
1

JS
JS
JS
JS
JS
JS

X

Stenopogoninae-6+ species
Cyrtopogonini
Cyrtopogon {alto (Walker)
3
Cyrtopogon lutatius (Walker)
Cyrtopogon spp.
1
**Holopogon (Holopogon) oriens Martin
1
Holopogon (Holopogon) phaeonotus Loew
HoZopogon (HoZopogon) vockerothi Martin 12
Dioctriini
5
Dioctria baumhaueri Meigen

Asilinae-13 species
Apocleini
Efferia albibarbis (Macquart)
*Proctacanthella cacopiloga (Hine)

X

6
1
6
1

Laphystiinae-l species
~Laphystia fiavipes Coquillett

Stichopogoninae-4 species
**Lasiopogon opaculus Loew
*Lasiopogon tetragrammus Loew
Stichopogon argenteus (Say)
Stichopogon tri{asciatus (Say)
Trigonomiminae-2 species
Holcocephala abdominaUs (Say)
**Holcocephala calva (Loew)

JS
GS
JS

1
1

14

15
43

29
23

5

2

EF

9
3
5
3

2
17

1
2

25
1

50

2
7

1

1

27

1

1

JS,RC
JS,RC
JS
JS
JS
GS,JS

JS
GS,JS
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Table 1. Continued.
Number of specimens found
at locations l
Taxon

Proctacanthus hinei Bromley
Proctacanthus milbertii Macquart
Promachus bastardii (Macquart)
Asilini
Asilus sericeus Say
**Machimus notatus (Wiedemann)
*Machimus novaescotiae (Macquart)
**Machimlls sadyates (Walker)
Machimus snowii (Hine)
Neoitamlls flavofemoratlls (Hine)
NeoitamllS orphne (Walker)
**Neomochtherlls auricomus (Hine)

KES

PFD

PPP

IAB

DET2

2
11
1

3
9

6

2

13

JS
JS
JS

4
16
1

9
1

4

49

43
9

5

6
10
7

100

1

1
2

2

4

JS
EF,JS
EF,JS
EF,JS
EF
JS
JS
EF

ILocation abbreviations are as follows: KES = Karner Blue
PFD = Port
Frank Forested Dunes (formerly Watson Property); PPP =Pinery P1",Ymln~i"l Park; lAB
= Ippenvash Army Base. See text for descriptions of each location.
2DET = Species determination by the following individuals: SB = S. W. Bullington; RC
= R. A. Cannings; EF E. M. Fisher; GS = G. E. Shewell; JS J. H.
X = Species, but not exact number of specimens, recorded.
* = Indicates a new published record for Ontario.
** = Indicates a new published record for Canada.

nearby states. For example, Atomosia puella (Wiedemann), Holopogon oriens
Martin, Laphria canis, Laphria divisor (Banks), Lasiopogon opaculus Loew,
Machimus notatus (Wiedemann), and M. sadyates (Walker) are all fairly
widespread and common in Michigan (Baker and Fischer 1975). All other
new discoveries were more unexpected.
The discovery of Proctacanthella cacopiloga (Hine) on the survey was
very significant. This species is practically unknown from eastern North
America. Fisher and Wilcox (1998) record its range as occurring from Alberta
to Manitoba south to New Mexico and Texas, with disjunct records from
Utah, Illinois, Indiana, and an unconfirmed record from New Jersey. Al
though only ten specimens of this species were captured in Lambton County,
it was found at four different sites (Karner Blue Sanctuary, Port Franks
Forested Dunes, Pinery Provincial Park and around the periphery of the for
mer Ipperwash Army Base). One historical specimen in the CNC is also from
this area: Grand Bend, Ontario, 15 July 1939, G.E. ShewelL Historical ento
mological references to Grand Bend refer to the area now represented by Pin
ery Provincial Park. The possible New Jersey record is intriguing. Several
western species of Lepidoptera were collected in Lambton that are restricted
in eastern North America to the oak savannas in Lambton County and the
pine barrens in New ,Jersey (Skevington and Stead, unpublished data). To
gether, these
areas seem to support a number of prairie disjunct
species as well as several savanna endemics.
As mentioned in the introduction, it is hypothesized that oak savanna be
came established in Ontario between 8000 and 4000 BP during the hyp
sithermal intervaL This habitat occupied a great deal of southern Ontario
until land clearance by Europeans at approximately 150 BP (Szeicz and Mac
prairies and savannas in Ontario are """'Ar,pl"
Donald 1991). The
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fragmented. It appears that P. cacopiloga may have entered Ontario during
the hypsithermal period when oak savanna and
became established.
Only one relic population now apparently represents this species in Ontario.
Given that fluctuating population densities, poor dispersal abilities, and
patchy distributions make prairie-restricted insects especially susceptible to
high extinction rates associated with severely fragmented ecosystems
(Panzer 1988), this species should be treated as a species of special concern.
It is likely an excellent indicator of local environmental health and could be
used for habitat management and monitoring in the future.
Laphystia /Zavipes Coquillett is another species with a predominantly
mid-western distribution. Fisher and Wilcox (1998) record its range as Mani
toba east to Minnesota, south to Colorado and Kansas, with disjunct popula
tions in Montana and possibly North Carolina. Historical specimens from
Hepworth, ON exist in DEBU. The Hepworth area at the base of the Bruce
Peninsula contains some relict sand dunes that are very similar in appear
ance and biota to the Lambton research areas (Skevington, pers. obs.). All of
the Lambton specimens of L. /Zavipes were collected on sand dunes on the pe
riphery of the former Ipperwash Army Base. This area contains the most
pristine coastal dune habitat in Lambton County, although it is currently
under threat from off-road vehicles.
Cerotainia albipilosa Curran is known from only six specimens from five
counties in Michigan (Baker and Fischer 1975). Fisher and Wilcox (1998) re
port its occurrence as Michigan to New York, south to Texas and Florida.
Fourteen specimens collected by G.E. Shewell in 1939 from Grand Bend are
in CNC. Although this species was not collected during the survey, more ef
fort should be made to rediscover it. This area may support the only Ontario
population of the species.
Like C. albipilosa, C. macrocera (Say) has only a few collection sites in
Michigan. Baker and Fischer (1975) refer to nine specimens from nine coun
ties. Fisher and Wilcox (1998) report its occurrence from Ohio to Connecticut,
south to Mississippi and Florida, Missouri and Kansas. Only a single speci
men was collected during the Lambton Survey, it came from the Karner Blue
Sanctuary in Port Franks. No historical specimens are in CNC or DEBU.
This species should also be earmarked as a
of special concern in
Canada.
Lasiopogon opacu.lus is known from Iowa, Illinois, Indiana, Michigan,
Ohio, Virginia, North Carolina, South Carolina, Georgia, and Mississippi in
the USA and from Toronto and Willowdale in Ontario, Canada (Cannings
1999). In Lambton County, L. opaculus was collected only in the Port Franks
Forested Dunes. Lasiopogon tetragrammus Loew is known from New York,
New Hampshire, Massachusetts, Connecticut, Quebec, and Wasaga Beach in
Ontario (Cannings 1999, Fisher and Wilcox 1998). It was collected from both
Pinery Provincial Park and around the periphery of the former Ipperwash
Army Base in Lambton County.
Holcocephala calva (Loew) is known from 17 specimens from nine coun
ties in Michigan (Baker and Fischer 1975). Fisher and Wilcox (1998) report
its occurrence from Kansas to New York, south to Texas and Florida. There
are 48 historical specimens in CNC bearing the following data: Grand Bend,
Ontario, 10 July 1939 (1), 14 July 1939 (20), 19 July 1939 (27), G.E. ShewelL
One specimen was collected in oak savanna habitat behind the Pinery
Provincial Park store on 20 August 1994. The other two specimens are from
cedar savanna on the Port Franks Forested Dunes.
During the survey, a single specimen of Laphria grossa was collected in
the Karner Blue Sanctuary. This species has not been recorded from adjacent
Michigan and there are no published records from Canada. Fisher and
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Wilcox (1998) record its distribution from Ohio to Quebec and Maine, south
to Mississippi and Florida. It is undoubtedly rare in Canada but it should be
expected to occur anywhere in the Carolinian Life Zone.
In Michigan, Machimus novaescotiae (Macquart) is known from seven
specimens from six counties; and Neomochtherus auricomus (Hine) from ten
specimens from six counties. Machimus novaescotiae occurs from Nova Scotia
south to Ohio and Florida; and N. auricomus from Maine to Michigan, south
to Illinois and Virginia (Fisher and Wilcox 1998). No identified historical
specimens ofthese species exist in the CNC or DEBU, but this is not surpris
ing given the difficulty in identifYing Machimus species and their relatives.
Despite their relatively small size, pronounced isolation, and degraded
condition, Ontario's prairie and savanna remnants continue to harbor unique
and disjunct populations of insects. Lambton County supports the most sig
nificant remnants of these habitats in the province and as such should be the
focus of continued research. Entomologists are strongly encouraged to con
tinue to build on our knowledge of Lambton County's insects. Permits are
necessary for collecting within Lambton Wildlife properties, Conservation
Authority properties, and Provincial Parks. Permits from the first are easiest
to obtain (see address under Skevington et al. 2000). Lambton Wildlife re
quests that vouchers for new species be deposited in recognized institutional
collections so that verification of identifications is possible. Applications for
permits to collect in Pinery Provincial Park should be sent to the Superinten
dent, Pinery Provincial Park, R.R.#2 Grand Bend, ON, NOM ITO. Please con
tribute your identifications to the list that is being maintained at the Univer
sity of Guelph Insect Collection web site (see Lit. Cited).
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OBSERVATIONS OF PRAIRIE SKIPPERS [OARISMA POWESHIEK,
HESPERIA DACOTAE, H. OTTOE, H. LEONARDUS PA WNEE, AND
ATRYTONE AROGOS IOWA) [LEPIDOPTERA: HESPERIIDAE] IN IOWA,
MINNESOTA, AND NORTH DAKOTA DURING 1988-1997
Ann B. Swengell and Scott R. Swengell
ABSTRACT
In transect butterfly surveys at 40 prairies in Iowa, Minnesota, and
North Dakota in summer each year during 1988-1997, we recorded 2403
adults ofPoweshiek skipperling (Oarisma poweshiek) at 20 sites, 547 Dakota
skippers (Hesperia dacotae) at 12 sites, 27 Ottoe skippers (H. ottoe) at one
site, 290 Pawnee skippers (H. leonardus pawnee) at eight sites, and 81 Aro
gos skippers (Atrytone arogos) at nine sites. In correlations of relative density
(individualslkm) of the analyzable species (all but Ottoe skipper), geographi
cal factors (latitude and longitude) produced the most significant correla
tions, followed by timing (with higher numbers nearer noontime), and lastly
weather (positive correlation with temperature, negative correlation with
wind speed). The relative densities of these analyzable species showed more
significant differences in relation to habitat factors than to variables describ
ing diurnal activity patterns or weather conditions. Relatively higher skipper
densities occurred in drier, undegraded prairie vegetation in sites with di
verse rather than uniform topography. Patterns of relative density also var
ied among species with respect to management by idling, grazing, haying, or
burning. Nectar visits by species, and by sex if possible, are reported. More
instances of courtship rejection than mating were observed. On later dates in
the flight period, female Dakota skippers proportionately increased and the
sex ratio became more variable. With increasing relative density, the sex
ratio of Dakota and Pawnee skippers became less variable and tended to
ward values in the range of about an even ratio.

The tallgrass prairie of central North America contains vegetation domi
nated by herbaceous flora. Since European contact in North America, about
99% of tallgrass prairie has been destroyed in most central states and
provinces, primarily for conversion to agriculture. Fragments of original
(never tilled) prairie remain in preserves, parks, and unintensively utilized
farmland (Curtis 1959, Samson and Knopf 1994). This vast habitat destruc
tion has considerably reduced the abundance of many prairie-associated ani
mals (Samson and Knopf 1994, 1995). Butterflies specialized to prairie are
now relatively rare and primarily restricted to preserves (Opler 1981, John
son 1986, Panzer et al. 1995, Panzer and Schwartz 1998).
Among these are five skippers (Lepidoptera: Hesperiidae): Poweshiek
skipperling [Oarisma poweshiek (Parker 1870)1, Dakota skipper [Hesperia
1909 Birch Street, Baraboo, Wisconsin 53913 USA.
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Figure 1. Map of study area (in black), where the 40 study sites (listed in
App. 1) are located.
dacotae (Skinner 1911)], Ottoe skipper (H. ottoe W. H. Edwards 1866),
Pawnee skipper (H. leonardus pawnee Dodge 1874), and Arogos skipper
[Atrytone arogos iowa (Scudder 1869)]. These species have been the subjects
of surveys and studies concerned with their conservation, such as McCabe
(1981), Dana (1991), Royer and Marrone (1992a-c), Schlicht and Orwig
(1998), and Bureau of Endangered Resources (1999).
This paper presents analyses of observations of these prairie skippers
during ten years of transect surveys at 40 tallgrass prairies in Iowa, Min
nesota, and North Dakota (Fig. 1). The first set of analyses contributes to un
derstanding how to design and interpret field surveys of these skippers. We
(1) compiled observation dates for these skippers, with notes on phenological
variation among years; (2) correlated these species' relative density (individ
ualslkm) with factors related to geography (latitude, longitude), diurnal tim
ing, and weather; and (3) examined variation in sex ratio of species readily
sexed in the field and seen in sufficient numbers for patterns related to
protandry (appearance of males before females) and density. These results
are useful for understanding when, where, and under what conditions to con
duct surveys for these species, and for interpreting observations given the
timing, location, and circumstances under which surveys occurred. Such in
formation is useful for effectively monitoring these species of conservation in
terest. Our second set of analyses addresses the ecology of these prairie skip
pers. We tested for differences in their relative density (individualslkm) by
habitat factors (prairie type, vegetative quality, topographic diversity, man
agement). We also compiled the species' nectar visits and reproductive behav
ior observed on the surveys. These analyses contribute to a greater under
standing of the habitat associations, behavior, and adult food preferences of
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these skippers. Such information is useful for implementing appropriate con
servation programs on their behalf.
METHODS

Sites and surveys. The study sites (listed with location information in
App. 1) were deliberately selected for their conservation interest-i.e., they
were known or predicted to support prairie-specialized butterflies. Most sites
were reserves in private or government ownership because of their accessibil
ity (without concern for trespassing) and importance for conserving rare
species. They ranged from 2 to 2024 ha in prairie patch size (mean 250 ha,
median 97 hal. Management by cool-season burning, typically in a rotation of
2-5 years, occurred at 28 sites. Three sites and the unburned part of a fourth
site were hayed (mowed, with subsequent removal of clippings) in late sum
mer or early fall no more often than once per year, sometimes in a rotation
over two years (either part hayed per year, or all hayed one year and none
hayed the next). Haying and burning both occurred throughout one site. The
unburned parts of four sites were idle (i.e., no active management occurred
or was evident during the study) but had been in some form of non-tilled
farm usage at some time prior to preservation. Eight areas in Sheyenne Na
tional Grassland (North Dakota) were considered separate sites because they
were non-contiguous (because of intervening non-public land that was not
prairie vegetation) and scattered over an area 53 km north-south by 42 km
east-west. These eight areas had rotational range grazing for both ecological
and economic purposes, at a stocking rate of 0.3-0.6 animal use
months/ha/yr (AUM=500 kg of cattle for 1 month) with grazing from mid
May to early November (Kobriger et a1. 1988, Manske et a1. 1988, Sheyenne
Ranger District-Custer National Forest unpubl. report). One of these sam
pled areas was also burned.
We conducted transect butterfly surveys along similar routes each year
(Table 1), as reported in Swengel (1996, 1998) and Swengel and Swengel
(1997). Walking at a slow pace (1.5-2 kmlhr) on parallel routes 5-10 m apart,
we counted all adult butterflies observed ahead and to the sides, to the limit
of species identification (possibly with binoculars after detection) and our
ability to track individuals. Within a site, a new sampling unit (i.e., subsite)
was designated whenever the habitat along the route changed markedly by
vegetation type (wetland, wet, mesic, dry, "extra dry" sand), management
(type and/or years since last treatment), and/or vegetative quality (degraded,
semi-degraded, undegraded) based on amount of brush and diversity and
Table 1. Summary statistics on formal surveys at study sites (see App. 1).

N sites
Range oflatitudes of survey sites
Range oflongitudes of survey sites
N unit surveys
Span of survey dates
Span of consecutive years of surveys
Thtal kilometers of survey effort
Thtal hours of survey effort

All surveys

Surveys in study
species' flight periods

40
42.58-47.20
92.36-97.40
926
18 June-21 August
1988-1997
458.8
258.7

40
42.58-47.20
92.36-97.40
811
20 June--20 August
1988-1997
393.4
219.4
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abundance of native and exotic flora. Routes crossed rather than followed
ecotones and management boundaries to reduce edge effects, and were de
signed to maximize sampling per unit but minimize number of unit changes
while sampling representative areas of the site.
We used several means to avoid double-counting individuals either
within or among units at a site. We placed our parallel routes further apart
than the effective distance for detecting and identifying most species, espe
cially skippers. We advised each other of individuals moving toward the
other's route, and we strove to maintain continuous forward movement ex
cept for stops to identify individuals. We limited our censuses only to individ
uals within the area where we could continue to track their movements. We
also tried to apply a consistent procedure for whether an individual should
be counted or considered already counted. For example, if a Poweshiek skip
perling flew behind the senior author, and shortly afterward, another flew
past her from behind her, that second observation wouJd be considered a re
peat of the first individual. But if a second Poweshiek skipperling flew to
ward her from in front of her, that individual would be counted. It is impossi
ble to expect double-counting to be eliminated, but this should add little bias
to Our analyses so long as all the surveys were consistent in the determina
tion of whether an individual should be counted or not. Since the same two
people staffed all the surveys in this study, it is likely our surveys had this
consistency. Even if our rate of double-counting
vary by density of indi
viduals being counted, this does not confound Our statistics, especially since
they are all non-parametric, so long as our rate of double-counting relates
progressively to the number of individuals actually present, whether in a lin
ear, exponential, threshold, or other manner.
For each unit, we recorded temperature and time spent surveying, and
estimated wind speed, percent cloud cover, and percent time the sun was
shining. These measurements could mostly be made (except during highly
changeable weather) before and after each unit survey, and not during the
timed survey of the unit. When more than negligible time was required dur
ing a unit survey to record weather descriptors or identifY an individual, that
time was deducted from the formal survey total. Route distance \vas esti
mated based on site maps and land features such as road junctions along
borders of "sections" (square mile plots systematically placed by land survey
ors). Data from each unit were kept separate. Site selection, vegetative type
and quality, prairie size, and management treatments during the study pe
riod were based on Iowa State Preserves Board (1981), Wendt (1984), The
Nature Conservancy (1988, 1994), Minnesota Department of Natural Re
sources (1995), as well as brochures, maps, and personal communications
from the agencies that own and manage the sites. A unit occurred in a topo
graphically "diverse" site if it contained contiguous unforested and unculti
vated habitats both wetter and drier than mesic: otherwise the site was "uni
form". Most surveys occurred during 1990-1997, with a few also from
1988-1989.
The five study species varied in ease of field identification. Poweshiek
skipperling was easiest because of the distinctiveness of its dark dorsal sur
faces and silvery ventral hindwing venation. This contrast, combined with its
often slow and whirring flight, enabled identification even when it was fly
ing. The Arogos skipper, although superficially similar to other yellow-orange
skippers, especially the Delaware skipper [Anatrytone logan (w. H. Edwards
1863)], was readily identified based on dorsal front wing pattern, which was
also observable when the wings were closed if backlit. Females of the Hespe
ria study species were also readily separable, although it was usually benefi
cial to observe both the dorsal surface (to verify gender) and the ventral sur
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face (to determine species). Males of the Hesperia study species required the
most careful inspection. We were especially mindful to distinguish them from
Polites Scudder 1871 and Sachem [Atalopedes campestris (Boisduval 1852)].
If we did not obtain an adequate view of all necessary features for identifica
tion to species (because of wing wear, obscure view, or flight away), we
recorded the individual at the lowest taxonomic level possible (genus, sub
family, or family).
Dakota, Ottoe, Pawnee, and Arogos skippers can be sexed in the field
based on wing pattern. Starting in 1990, we recorded the sex of these individ
uals, if possible. Poweshiek skipperling is not readily sexed in the field. Also
starting in 1990, we recorded the behavior of all individuals of the study
species when first observed, and all instances of feeding and mating noticed
(whether the first behavior or not).
All sites could not be visited each year but most were visited more than
once both within a year (3-5 weeks or more apart) and among years CAppo 1).
The site (Hole-in-the-Mountain) contributing the most unit surveys to this
study comprised only 15% of the unit surveys. Survey timings were selected
especially to sample prairie-specialist butterflies, as classified in Swengel
(1996, 1998), including the study species in this paper. Surveys occurred dur
ing a ",ide range of weather conditions and times of day. Occasionally sur
veys occurred in intermittent light drizzle, so long as butterfly activity was
apparent, but not in continuous rain. Butterfly nomenclature follows Ferris
(1989).
Analyses. We computed all statistics with ABstat 7.20 software (Parker,
Colorado), with significance set at two-tailed P<0.05. Observation rates (rela
tive densities or abundances) were calculated for each species as individuals
observed per km in each unit survey. It was necessary to standardize the
data as observation rates because the routes varied in length among units.
Unit surveys were included in an analysis only if held on dates during the
species' flight period (i.e., within the span of dates adults of the species were
observed in the study region that year) at sites where the species was ever
recorded during these surveys. Analysis was performed at the scale of the
unit rather than by site, because unit surveys within the same site varied,
sometimes considerably, in vegetative characteristics and weather.
The Spearman rank correlation was used to test for significant patterns
in the observation rates of each study species relative to geography (latitude,
longitude), timing (beginning time of survey, crepuscularity-difference be
tween 1200 h CST and time when unit survey started), and weather (percent
time sun was shining, percent cloud cover-mean of beginning, ending, low
est, and highest percent cloud cover, temperature-mean of beginning, end
ing, lowest, and highest temperature, and wind speed-mean of lowest and
highest wind speed).
The Mann-Whitney U test was used to test for differences in observation
rates of each skipper species relative to habitat factors. These included both
ones at the unit level (prairie vegetation type, quality, management) and at
the site level (topographic diversity, prairie patch size) that are relevant as a
context for the unit. Although management was classified by unit, only in a
few cases did different units in the same site have different management
types. Prairie patch sizes were grouped into three classes-small (13-20 hal,
intermediate (>30 and <130 hal, and large (>140 ha)-with 6, 17, and 17
sites, respectively. These size categories were defined such that a consider
able break (>10 hal would occur between each category.
We also tested whether these habitat factors might have significant in
tercorrelations, such as larger prairies more likely having topographic diver
sity or less degraded vegetation. We used the Spearman rank correlation to
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test for significant relationships among vegetation type, quality, topographic
diversity, and prairie size (N=40 study sites, as in App. 1). All these factors
can be ordered along a numerical continuum (e.g., 1 for wet prairie, 2 for
wet-mesic, 3 for mesic, etc.; and 1 for degraded, 2 for semi-degraded, 3 for un
degraded), or have only two states (uniform vs. diverse). For unit characteris
tics (type and quality), we used the mean for that factor on all unit surveys
at that site. Since management type is a qualitative rather than quantitative
factor, we used the Mann-Whitney U test to determine whether the sites in
each management category differed in type, quality, diversity, or size. Sites
with more than one management type were tested separately by each man
agement
RESULTS
We recorded 4305 individuals of grass skippers (Hesperiinae) on formal
surveys in this study (App. 2). We found 17 species but did not identify 410
individuals (10%) to species. The proportion of unidentified grass skippers
(out of total grass skippers, per unit survey) correlated significantly with rel
ative density of grass skippers (individuals, identified or not, per km)
(r=+0.103, N=438 unit surveys, P<0.05, Spearman rank correlation), but not
with the relative density of Hesperia, Polites, or total butterflies, nor with
relative species richness (species per km per unit survey) of grass skippers or
total butterflies, nor with year.
We observed one or more of the five study species on 46 of the 67 dates
we conducted surveys at the study sites (Fig. 2). For Poweshiek skipperling
and Dakota and Arogos skippers, we recorded a sufficient number of individ
uals (2403, 547, and 81, respectively) over a broad enough span of dates to
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Figure 2. Survey dates of this study, with indication whether or not any of
the study species were observed on each date. Only informal observations oc
curred on 21 June 1988, 29 June 1989, and 1 July 1989.
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Figure 4. Relative Dakota skipper density (individualslkm per unit survey)
by date, at sites where the species was ever recorded during these surveys.

274

Vol. 32, No.4

THE GREAT LAKES ENTOMOLOGIST
30
o

• 1988

o 1992

25

• 1993

E
.:.:

Vi 20
iii

(>

1989-1990 & 1994-1997

:::J

~

15
'6
c:
<::;.

~

'iii

c: 10
0

o

'"

(>

5

I

.0

0

19 June

29 June

9 July

19 July

29 July

8 August

18 August

Arogos skipper

Figure 5. Relative Arogos skipper density (individualslkm per unit survey) at
sites where the species was ever recorded during these surveys.

plot their observation rates (individualslkm, per unit survey) by date (Figs.
3-5). We recorded 290 Pawnee skippers only during 16-20 August.
The 27 Ottoe skippers (sex recorded for 14; all were males) observed on
formal surveys were at Hole-in-the-Mountain (see App. 1 for site locations)
during 1989-1992. We also informally observed two individuals (sex not
noted) at Freda Haffner Kettlehole on 1 July 1989. Others recorded this
species at a third study site, Prairie Coteau, during the study period (D.
Schlicht, pers. comm.). To provide more insight into the flight period of this
species, we compared the dates when we did or did not observe the Ottoe
skipper at these three sites to the span of dates in which we observed adults
of this species in southern Wisconsin in the same years (Fig. 6). Our span of
observations in Wisconsin averaged 28.3 days (range 10-55) per year. Our
observations of Ottoe skipper in Iowa and Minnesota occurred before or dur
ing the period when we observed the species in Wisconsin in the same year.
Sex ratio. Only 30 of 81 Arogos skipper individuals were sexed; these
were evenly divided between males and females. The number of sexed indi
viduals was adequate for analysis for Dakota Skipper (252 males and 214 fe
males, which is 85% of the total individuals observed) and Pawnee skipper
(88 males and 30 females; 41 % of total observed). On later dates in the flight
period, female Dakota skippers proportionately increased but the sex ratio
(expressed as percent males of sexed individuals) was also quite variable
among unit surveys (Fig. 7). The time span in which Pawnee skippers was
observed was too narrow (16-20 August) for such analysis. With increasing
observation rates (total individualslkm, per unit survey), the Dakota skipper
sex ratio became a bit less variable and less skewed to either extreme (Fig.
8). Data for the Pawnee skipper were insufficient to determine whether it
showed a similar pattern (Fig. 9).
Geography, timing, weather. Too few Ottoe skippers were observed to
support analysis. Observation rates (individualslkm per unit survey) of
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Table 2. Spearman rank correlation coefficients of the
species' relative density
(individualslkm per unit survey) with geography, timing,
weather factors. Analy
ses include only unit surveys during the species' flight period in each year at sites
where the species was ever recorded during this study's surveys.
Poweshiek
Number of unit
surveys (N)
Geography
Latitude
Longitude
Timing
Crepuscularityl
Time of day
Weather
Percent cloud cover
Percent sunshine
Temperature
Wind
* P<O.05

482

Dakota

Pawnee

338

Arogos

44

151

-0.202 **
-0.163 **

+0.080
+0.260

-0.056
-0.050

-0.008
+0.042

-0.373
+0.046

-0.176
+0.032

+0.019
-0.014
+0.109 *
-0.103 *

+0.076
-0.075
+0.027
-0.033

+0.175
-0.061
+0.218
+0.174

-0.070
+0.054
+0.155
-0.188 *

**

-0.508
+0.178

**

-0.138
+0.153

*

P<O.OI

INearness to morning/evening (i.e., as opposed to nearness to noontime CST).

Poweshiek skipperling correlated negatively and significantly with latitude
and longitude, Dakota skipper rates correlated positively with longitude,
Pawnee skipper rates correlated negatively with latitude, while Arogos skip
per had no significant correlations with geographical factors (Table 2).
The only significant correlations with diurnal timing were negative for
Pawnee and Arogos skipper rates with crepuscularity (Table 2). All analyzed
species were active in a wide range of times of day, from 0633-0657 h to
1724-1745 h out of a possible 0628-0644 to 1742-1745 h CST, except
Pawnee skipper was observed during 0823-1630 h CST, which was the full
range of survey timings at sites where this species was ever recorded. The
proportion of unidentified grass skippers (out of total grass skippers, per unit
survey) correlated significantly with later times of day (r=+0.133, N::::438 unit
surveys, P<0.05, Spearman rank correlation), but not with crepuscularity.
Poweshiek skipperling rates covaried significantly with increasing tem
perature (Table 2). Relative densities of that species and Arogos skipper cor
related significantly and negatively with wind speed (Table 2), No species
correlated significantly with percent cloud cover or sunshine, and Dakota
and Pawnee skippers had no significant correlations with weather factors
(Table 2). All analyzed species were active in from 0 to 100% sunshine and
cloud cover. Poweshiek skipperling and Dakota skipper were active through
out the range of temperatures (14-16 to 32°C) and wind speeds (0--48 kmlh)
on surveys during their flight periods at sites where we ever recorded these
species. The Pawnee skipper was detected in the full range of temperatures
(19-30°C) and wind speeds (8-28 kmlh) on surveys during its flight period at
known sites. The Arogos skipper was observed in temperatures of 19-32DC
(out of a possible 18-32°C) and winds of 0--40 kmlh (out of a possible 0--48
kmlh). The proportion of unidentified grass skippers (out of total grass skip
pers, per unit survey) correlated significantly with temperature (r=+0.190,

tv

Table 3. Mean ± SD of the study species' relative abundances (individualslkm per unit survey). Data reported are only from unit surduring the species' flight period in each year at sites where the species was ever recorded during this study's surveys. Means in
same column and habitat factor sharing the same letter are not significanLly different by the Mann-Whitney U test (two-tailed
P<0.05}.-indicates a sample too small for statistical testing.

N
Prairie type
wetland
prairie
dry prairie
sand prairie
Prairie quality
degraded
semi-degraded
undegraded
Site
uniform
diverse
Site size2
small
medium
arge
Unit management
idle
grazed
hayed
burn+mow/hay
burned

Poweshiek

Dakota

mean ± SD

mean ± SD

4
129
55
291
6

1.03 ± 2.07
2.99 ± 10.09
3.33 ± 9.80
13.93 ± 2.62
0.00 ± 0.00

28
120
337

0.81 ± 3.30
4.82 ± 12.96
11.94 ± 30.57

118
367
11

N

Pawnee

N

3
54
60
222
0

0.00
0.08
1.29
4.51

B
A

16
75
248

0.00 ± 0.00 B
2.16 ± 12.68 B
3.71 ± 9.10 A

2.75 ± 8.61
11.72 29.81

B
A

72
267

220
254

1.18 ± 2.26
11.25 ± 27.78
8.41 ± 25.94

A
A
A

0
127
212

24
10
21
2
428

11.02 ± 22.96 A
0.21 ± 0.66
B
7.59 15.97 A
0.00 ± 0.00
9.81 ± 27.49 AS

20
0
11
0
308

B
B
A
C

± 0.00
± 0.56 B
± 5.34 B
± 11.61 A

0
2
1
35
6

mean ±SD

'-J

0::>

Arogos

N
1

0.00 ± 0.00
0.00 ± 0.00
15.60 ± 23.30 A
15.86 9.60 A

22
9
120
0

0
18
26

13.03 ± 14.41 A
15.63 ± 25.29 A

18
29
105

0.72 ± 3.52 B
3.86 ± 10.83 A

12
32

4.91 ± 7.57 B
18.19 23.71 A

0
152

1.08 ± 3.21 B
4.46 ± 12.01 A

4
9
31

21.18 ± 16.74
1.84 ± 4.20 B
17.41 ± 23.62 A

0
76
76

2
11
4
0
27

2.07 2.93
12.47 ± 9.37 A
58.77 45.14 -

16
0
2

mean ±SD
0.00 ± 0.00
0.00 ± 0.00 B
0.46 ± 1.38 AB
1.02 ± 2.98 A

-I

I

m
G)
;>:J

m

~

0.23 ± 0.98 A
0.35 ± 1.19 A
1.07 ± 3.13 A

:;
A

m

(f)

m

1.03 ± 2.36

B

23.60 ± 21.46 A
2.61 ± 8.69

B

Z

-I

0

0.83 ± 2.70

s:

0.38 ± 0.95 B
1.28 ± 3.65 A

134

lTopographic diversity: uniform = only lowland or only upland grassland; diverse = lowland and upland grassland.
2Prairie sizes: small <20 ha, intermediate >30 and <130 ha, large >140 ha.

G)

Vi
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1.38 ± 1.95

-

()

9.80 ± 12.11 A

0
0

r

0.47

1.07 B

2:
w
Ztv
~

.t:>..

-------------------------=-=~--------------------------------------------------.. ~

1999

THE GREAT LAKES ENTOMOLOGIST

279

N=438 unit surveys, P<O.Ol, Spearman rank correlation), but not with the
other weather factors.
Habitat. On formal surveys, Poweshiek skipperling occurred in the most
sites (20, in all three states) in the widest range of unit and site characteris
tics (Table 3). We recorded the Dakota skipper at 12 sites in Minnesota,
Pawnee skipper in eight sites in Minnesota and North Dakota, and Arogos
skipper in nine sites in all three states (Table 3).
Poweshiek skipperling had significantly higher observation rates (indi
viduals/km, per unit survey) in dry, undegraded units in diverse prairies,
with no statistical differences by prairie size (Table 3). Significantly higher
rates also occurred with idling and haying, and lower densities in grazed
units. While the mean rate in burned units was relatively high, these rates
were highly variable and showed no statistical patterns. Dakota skipper
rates were significantly higher in dry, undegraded units in diverse, large
prairies with management by haying rather than burning or idling (Table
3). Pawnee skipper rates were significantly higher in diverse prairies and
vs. medium prairies (Table 3). The mean rate in small prairies was
to that in large prairies, but tbe sample was too small for statistical
testing. Arogos skipper rates were significantly higher in dry units in
sites with management by idling rather than burning (Table 3). The
Ottoe skipper individuals occurred in dry undegraded prairie, both fire
managed and idle.
The only habitat factors that significantly related to each other in Spear
man rank correlations were prairie type and topographic diversity-i.e.,
drier sites were more likely to have topographic diversity. No significant cor
relations occurred among prairie quality, type, and size. With respect to habi
tat differences by management categories, we had analyzable numbers of
sites only for grazing and burning. In Mann-Whitney U tests, the
sites (i.e., areas in Sheyenne National Grassland) had significantly
more degraded vegetation in larger prairie patches, but did not differ
cantly by topographic diversity.
Behavior. Table 4 presents nectar visits by species, and by sex if
ble. Although many more individuals ofPoweshiek skipperling were recorded
than Dakota skipper, the latter was observed nectaring on more flower taxa
(Table 4). The proportion of nectaring individuals seemingly increased in
rough correspondence to increased difficulty in (and closer view required for)
identification, with the exception of male Arogos skipper (Table 4). In other
words, the more difficult the species was to detect and identify, the more
skewed our survey totals tended to be toward nectaring individuals. Two in
stances of predation were observed, both of a Poweshiek skipperling: by a
crab spider (Araneida) hidden in an ox eye [Heliopsis helianthoides (L.)l
flower on 6 July 1992 at Prairie Marshes and by two ambush bugs
(Hemiptera: Phymatidae) on black-eyed Susan CRudbeckia hirta L.) on 11
July 1996 at Bluestem.
The Poweshiek skipperling was the only study species observed outside
prairie habitat. One individual was seen 300 m east of Prairie Marshes along
the access trail (a primitive dirt road) and another 800 m east along the
same trail. Habitats east of this site were tilled field and old field.
We recorded only three mating pairs. At 0930 h CST at Bluestem on 9
July 1992 (26°C, 70% sunshine, 45% cloud cover, wind SW 8 kmlh), one
Dakota skipper pair courted in a brief spiral flight, landed, and in 20 sec
coupled, with the female perched above the male on grass. At 1637 h CST
at Prairie Coteau on 4 July 1994 (28 C C, 90% sunshine, clouds decreasing
from 60 to 30%, wind SE 16-24 kmlhr), one Dakota skipper pair was found
copulating that separated one minute later. At 1228 h CST at the hayed

Table 4. Number of each species observed nectaring at each flower, by sex (m =
f female, u = unsexed) if possible, and total of
all individuals observed from 1990-1997. Multiple visits by the same individual to
flowers of the same
are excluded.
Visits by the same individual to more than one kind of flower are included: one Poweshiek skipperling, three
and one female
Dakota skippers, and one unsexed Pawnee skipper each nectared at two kinds of flowers.
Dakota
f

u

2

1
1

0
0

0
0

2
2

3
0

1
2

1
0

Poweshiek

Achillea millefolium L. yarrow
Agoseris Raf. prairie dandelion
Allium [Tourn.] L. wild onion
Torr. showy milkweed
Asclepias
Asclepias syriaca L. common milkweed
Aster [Tourn.] L. aster (purple flower)
Astragalus [Tourn.l L. milk vetch
Astragalus crassicarpus Nutt. ground plum
Carduus [Tourn.] L. thistle
Carduus nutans L. nodding thistle
Nutt. golden aster
Cirsium arvense L. Canada thistle
Cirsium [Tourn.J Hill. thistle (not Canada)
Coreopsis palmata Nutt. coreopsis
Echinacea angustifolia (DC.) Heller.
pale purple coneflower
Erigeron L. fleabane
Gaillardia aristata Pursh. blanketflower
Galium L. bedstraw
helianthoides (L.) ox eye
Lactuca [Tourn.] L. blue lettuce
Liatris aspera Willd. rough blazingstar
Liatris punctata Hook. dotted blazingstar

m

Ottoe
m

Pawnee
m

4

4
1
1
1
1
41
115
1

1
7
0
0
0

0
5
1
4
0

0

4

0

75

105

10

3
30
2

0
22
0

0
13
1

1

2

0

1

Arogos
u

m
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4
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0
0
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prairie near Bicentennial on 19 August 1992 (28°C, 100% sunshine, 25%
cloud cover, wind SE 24 kmJh), a copulating Pawnee skipper pair was ha
rassed by a male conspecific; the pair separated one minute later while
being photographed.
More often, courtship rejection was observed. The male pursued the fe
male, and when perched, the male stood behind and faced the female while
she fluttered her wings rapidly and shallowly. For Poweshiek skipperling,
which could not be readily sexed in the field, we considered an interaction of
this appearance to be courtship rejection. Courtship rejection by 11 pairs (22
individuals) of Poweshiek skipperling occurred on each date between 4 and 8
July, in 1992, 1994, 1996. For Dakota skipper, this occurred with 15 pairs on
each date from 8 to 11 July, in 1992-1993 and 1996-1997 (""rjth another con
specific perched nearby in two instances), and with 2 trios (2 males, 1 female)
on 9 July 1993 and 10 July 1997. Ten Pawnee skipper pairs behaved in this
way on 18-19 August 1992 and 17 August 1994. We recorded one Arogos
skipper pair in courtship rejection on 5 July 1994.
In our surveys in the study region, the Ottoe skipper occurred only in
sites with much topographic relief, but the other four skippers were in sites
of both little or great relief. We did not note a particular tendency for hill
topping
concentration of individuals on ridgetops) in any of these
species.
We observed oviposition only by Arogos skipper, at Hole-in-the-Mountain
on 17 August 1992 at 1534-1547 h CST (28°C, 35% sunshine, 75-65% cloud
cover, wind W 16 kmJhr) , on big bluestem (Andropogon gerardii Vtm.). At
1715 h CST on 6 July 1992 (24°C, 0% sunshine, 100% clouds, light wind), on
a small, semi-degraded prairie ridge uphill from campsite 79 in Camden
State Park, Minnesota, an Arogos skipper laid one egg on the upperside of a
big bluestem blade.
Pawnee skippers appeared sometimes to make clicking noises while fly
ing, presumably with their wings and apparently under their control, as we
did not hear this sound every time an individual was flying near us. 'The
sound seemed associated with flights in pursuit of a skipper or toward us,
but not in evasive flight or solitary flight among flowers or perches.
DISCUSSION

Flight period. We recorded relatively high observation rates (densi
ties) of Poweshiek skipperling and Dakota skipper in late June and the
first two weeks of July (Figs. 3-4). Dana (1991) reported similar timings for
Dakota skipper based on emergence dates in enclosed plots at Hole-in-the
Mountain in 1981 (24 June-1 ,July for males and 29 June-12 July for fe
males; a span of 18 days) and 1982 (28 June-8 July for males and 30 June
13 July for females; a 15-day span). Some variation in timing among years
occurred during our study. In 1988, we recorded both species on 20 June
(the Poweshiek skipperling abundantly), while in 1990, we recorded nei
ther species on 18, 25, or 26 June at known sites in warm, sunny weather.
McCabe (1981) reported that onset of Dakota skipper flight in his study re
gion (Minnesota and North Dakota) ranged from 16 June to 8 July, due to
varying spring weather. The span of dates for adult Poweshiek skipperling
in Michigan (24 June-19 July) is similar to what we observed in the study
region (Nielsen 1999). For North Dakota, McCabe and Post (1977) reported
flight spans of 12 June-30 July for Poweshiek skipperling and 18 June-30
July for Dakota skippers.
It is more difficult to characterize flight periods for the other study
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species since we observed them on fewer dates in fewer years. For Ottoe
skipper, Dana (1991) reported emergence dates in enclosed plots at Hole-in
the-Mountain for 1981 (1-23 July for males and 8-29 July for females; a 28
day span). These started about one week later than Dakota skipper and
spanned a longer period, consistent with the flight timing and length we ob
served in Wisconsin (Fig. 6). Based on comparisons of our Ottoe skipper
records in the study region and Wisconsin, it appears likely that our survey
dates at the Iowa and Minnesota sites in July 1994 and 1997 were within the
Ottoe skipper flight period, even though we observed none. Our observation
dates in the study region fall within the cumulative span for our Ottoe skip
per records in Wisconsin (28 June to 25 August) (Fig. 6), which is similar in
length but a bit later than reports from Michigan (18 June-16 August) and
North Dakota (15 June-6 August) (McCabe and Post 1977, Nielsen 1999).
August surveys occurred in only four years (Fig. 2). We recorded the
Pawnee skipper in the three years we surveyed during 15-20 August
(1992-1994) but not during 5-9 August in 1991. For North Dakota, McCabe
and Post (1977) reported a flight span from 8 August to 30 September, with
the peak in mid-August.
We observed peak Arogos skipper rates on 16 July 1990 (Fig. 5). This
suggests most July sampling dates, which were in the first two weeks of July,
were early in the species' flight period, while the August survey dates were
late. McCabe and Post (1977) reported a flight span from 25 June to 4 August
in North Dakota. We also recorded this skipper in June, ,July, and August,
which implies a longer period of emergence than for Poweshiek skipperling
and Dakota skipper.
Sex ratio. The numbers of sexed Ottoe and Arogos skippers were too few
for any analysis of sex ratio. The Dakota skipper sex ratio showed the typical
butterfly pattern of increasing proportion of females later in the flight period
(Opler and Krizek 1984, Scott 1986, Brakefield and Shreeve 1992), but fe
male Dakota skippers nonetheless occurred widely throughout the flight pe
riod (Fig. 7). McCabe (1981) reported that, at onset of the flight period, both
sexes emerge on the same day. Dana's (1991) emergence enclosures indicated
that the first male emerged earlier than the first female, but only by a few
days. Dana's emergence enclosures would seem more precise in this regard,
since they eliminated the confounding effects of behavior and detectability on
observation. These enclosures also indicated a shorter span of days for male
than female emergence, which would also contribute to the increasing female
proportion later in the flight. The time span in which we observed Pawnee
skippers was too narrow for this analysis.
At lower observation rates (relative densities), the Dakota skipper sex
ratio varied widely (Fig. 8), likely due to variation in flight period timing
(pre- or post-peak) and/or sampling error from low observed numbers. But at
the highest densities (corresponding to peak flight in large populations), the
sex ratio was roughly equal. The Pawnee skipper showed a somewhat similar
but milder pattern (Fig. 9). Dana (1991) reported a range of sex ratios for
Dakota and Ottoe skippers in his emergence enclosures, but these did not
differ significantly from 1:1. The ready observability of female Dakota skip
pers early in the flight period, and approximately even sex ratio around
peak, contrasts with the higher male proportion observed at comparable
times in the flight period of the Karner blue (Lycaeides melissa samuelis
Nabokov) (Swengel and Swengel 1998). Relative to this blue, our ability to
sex skipper individuals seemed biased considerably toward females since fe
male skippers were easier to identify and sex and less active than territorial
males, whose flighty behavior was described by McCabe (1981) and Dana
(1991). Thus, in interpreting these skipper sex ratios, relative change among
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dates or densities, rather than actual sex ratio at a given date or density,
should be emphasized.
Geography, timing, weather. For the four analyzable species, geo
graphical factors showed the most significant patterns (4 out of 8 tests), fol
lowed by timing (2/8, with the expected pattern of higher detection nearer
noontime), and lastly weather (3/16, with the expected patterns of positive
correlation with temperature and negative correlation with wind) (Table 2).
This suggests that biogeography is relatively more important than timing
and weather for skipper detection within known sites, during the flight pe
riod, and under the conditions of our surveys (which excluded twilight and
very inclement weather). Consistent with this, Holzman (1972) reported
greater activity, more nectaring, and longer flight distances by the
Poweshiek skipperling in warmer, sunnier weather, even until sunset, but in
cool, overcast weather, these activities were reduced but did not cease.
Habitat. Direct comparisons of our observed densities among species
(Table 3) are inappropriate, since they differed considerably in detectability
and identifiability (see Methods). Within species, these analyses should also
be interpreted with caution, since they are based only on adult observations
and do not directly address habitat requirements of immatures. Further
more, we limited each species' analyses to sites where the species was ever
recorded on our surveys. This increased the rigor of tests for habitat prefer
ences, since we were comparing results only from units with the greatest
plausibility that the skipper could occur there, because the species was
known to occur recently somewhere in the site. But this narrow analytical
approach also eliminated the strongest possible negative response by a
species to a habitat characteristic, namely absence from the entire site, and
so reduced the chance of demonstrating a statistically significant difference.
Thus, significant results are more meaningful in suggesting a preference
than lack of significance is in indicating a lack of preference.
Nonetheless, the four analyzable species showed many significant dif
ferences in relative density by habitat factors (Table 3), much more so than
to daily timing and weather conditions on the surveys (Table 2). Three
species were significantly denser in dry prairie (excluding sand prairie) and
the fourth (Pawnee) only occurred in dry and sand prairie. Two species
were significantly denser in undegraded prairie. Of the two other species,
one had mean densities that consistently but non-significantly increased
with increasing prairie vegetative quality while the other was found only in
sites of greater quality. Three species were significantly denser in diverse
than uniform sites, and the fourth only occurred in diverse sites; this may
relate to the significant correlation of diverse sites with drier prairie vege
tation types. Site size had three significant results, with higher densities in
large prairies. But for one of these (Pawnee skipper), significantly higher
densities occurred in large vs. medium
while the sample was too
small to test densities in small prairies. However, the Pawnee skipper's
mean density in small prairies was so high as to suggest that other factors
besides size might account for this species' lowest mean density in medium
sites. The fourth species had by far its lowest mean density in small
prairies.
These significant relationships with
size do not appear simply at
tributable to vegetative characteristics,
the prairie patch sizes of our 40
study sites did not correlate significantly with vegetation type, quality, or
topographic di versity. The occurrence of more and/or denser populations of
these skippers in larger prairie patches is consistent with research on other
habitat-restricted butterflies which are more likely to occupy sites that are
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larger, among other characteristics (Thomas et a1. 1992, Thomas and Jones
1993, Dennis and Eales 1997, 1999).
Holzman (1972) described Poweshiek skipperling habitat in Michigan as
wet marshy meadow or wet prairie, with ovipositions on spike-rush
(Eleocharis elliptica Kunth) and sedges (Cyperaceae). In Wisconsin, the
species occurs in wet-mesic prairie, with larval feeding on prairie dropseed
[Sporobolis heterolepis (Gray) Gray] and little bluestem (Schizachyrium sco
parium Michx.); when these grasses occur in drier adjacent areas, the skip
perling does also (Bureau of Endangered Resources 1999). However, both
hosts are more prevalent in Wisconsin in drier prairie (Henderson 1995). In
Manitoba, the species primarily occupies areas of transition between mesic
and drier prairie, with occasional individuals in extensive dry or wet areas
(Catling and Lafontaine 1986). McCabe and Post (1977) reported Poweshiek
skipperling from both wet and dry prairie vegetation, with feeding by one
larva on a Carex sedge. We never found the species in prairie drier than
mesic if in sites of uniform topography (i.e., containing no grassland wetter
than mesic). However, our highest observed densities consistently occurred
in prairie drier than mesic (primarily uphill from the transition from mesic
or wetter prairie) when in sites with topographic diversity (i.e., also contain
ing grassland wetter than mesic). The species also occurred in lower densi
ties in mesic and wetter prairies, in sites both containing and lacking drier
prairie. This suggests that some obligatory habitat condition(s) occur only in
wetter grassland but some factor(s) in adjacent drier prairie allow the high
est densities to develop.
The study species varied in patterns of density relative to unit manage
ment (Table 3). Poweshiek skipperling and Arogos skipper were significantly
denser with idling, while Dakota skipper was significantly lower there. Most
species had relatively low densities with burning, while the Poweshiek skip
perling had a mean density there that was both relatively high and highly
variable-so variable that Poweshiek densities in burning were not statisti
cally distinct from the managements with the significantly lowest (grazing)
or highest (idle, haying) densities. Densities in haying were often but not al
ways at the higher end, and never significantly lowest.
Catling and Lafontaine (1986) reported that in southeastern Manitoba,
tallgrass prairies occupied by Poweshiek skipperling were grazed and rota
tionally burned. Bureau of Endangered Resources (1999) reported that
Poweshiek skipperling eggs are laid near grass tips, with overwintering by
an intermediate larval stage on the host. As a result, immatures are above
ground and vulnerable to fire, which should be infrequent for small or iso
lated populations, and selective cutting and mowing (of only a portion of the
habitat) may be better management practices in occupied patches. While the
location of Poweshiek skipperling immatures in the herb layer seems to
make them vulnerable to mowing/haying as well, this management (occur
ring every year or every other, in late summer or fall) had significantly high
Poweshiek skipperling densities (Table 3). Likewise, the regal fritillary
[Speyeria idalia (Cramer 1773)] has significantly denser populations in
hayed than similar burned prairie (Swengel 1996). These results do not elim
inate the possibility of negative effects of mowing/haying on immatures (a
particular concern in small or very localized populations), but does suggest
that these negative effects may be readily overcome.
McCabe (1981) advised against burning areas where most Dakota skip
per ovipositions occurred the previous year. Dana (1991) studied effects of
management fires on both Dakota and Ottoe skippers in large populations
at Hole-in-the Mountain in the first area preserved there at the inception of
fire management. He conducted four experiments, each performed once in
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consecutive years, to test larval survivorship in early vs. late spring fires
under two different fuel loads, in comparison to unburned controls. He re
ported some variation in results among experiments and varying degrees of
confidence about how well his different experimental apparatuses corre
sponded to conditions in the la r landscape. Nonetheless, several general
patterns consistently occurred.
ta and Ottoe skippers had similar re
sponses, with higher mortality in burned than unburned plots and gradients
of increased fire mortality from early spring (when larvae were in semi-sub
terranean burrows) to late spring (when larvae and pupae are on or above
ground), and between moderate and higher fuel loads. Similar results would
be expected later in the summer and fall after adult flight, when eggs and
younger larvae would be more vulnerable until winter diapause (Dana
1983).
Dakota skippers are consistently absent from sites in heavy grazing for
an extended period (McCabe 1981, Dana 1983). McCabe (1981) found the
Dakota skipper in only one grazed
out of many surveyed, and that site
had only recently been converted to
McCabe and Post (1977) also re
ported the species to decline quickly even
the lightest grazing. However,
Dana (1983) suggested that brief episodes of grazing, even heavy, might not
harm the skipper. Dakota and Ottoe skippers were abundant at Hole-in-the
Mountain in Dana's (1991) study area right after grazing ceased, implying
that the previous grazing regime could not have been that adverse. Our data
do not add more insight on this issue, because grazing occurred in our study
only at Sheyenne National Grassland. We did not find the Dakota skipper
there, but we also did not record it in nearby hayed or idled sites either. It is
unclear whether and how much management, and which kinds of manage
ments, contributed to this lack of observation.
By contrast, mowinglhaying in September or later, on an annual or
preferably biennial basis, appears consistently and highly favorable for the
Dakota skipper (McCabe 1981, Dana 1983, this study). Mowing before or
during the adult flight period is disruptive, causing early death or emigra
tion of adults (McCabe 1981, Dana 1983).
In comparison to burning, grazing at Sheyenne National Grassland ap
peared unfavorable for Poweshiek skipperling but not Pawnee skipper (Table
3). Since these grazed sites were significantly larger, lower quality, and drier
than burned sites, it is possible that these other habitat characteristics con
tributed to these skippers' apparent management responses. McCabe and
Post (1977) reported the Pawnee
to be more sensitive (averse) to
grazing than our observations suggest.
Some research has suggested that the spatiotemporal scale (i.e., dosage)
of an ecological disturbance (e.g., stand-replacing fire) or a comparable man
agement treatment (e.g., dearcut) may matter as much or more in effects on
the plant community than the type of disturbance/management (Hobbs and
Huenneke 1992, Turner et aL 1994). But in this study, haying occurred on
rotations of 1-2 years while fire was rotated over 2-5 or more years, yet
haying was associated with
densities of the study skippers than
burning (Table 3). This
that suitable ranges of treatment dosage
for the skippers must be
individually for each management
type.
Behavior. In Michigan in 1970, Holzman (1972) observed preferential
nectaring by Poweshiek ski
rling on pale spike lobelia (Lobelia spicata
Lam.) and secondarily only
lack-eyed Susan (Rudbeckia hirta L.), which
were also nectar flowers in this study (Table 4). Yet in 1971 at same site, at
least one individual fed at all types of nectar flowers in bloom (Holzman
1972). For Dakota skipper, McCabe (1981) listed seven acceptable nectar
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sources, five of which we also recorded. The other two, which bloomed in
proximity to Dakota skippers in this study, he ranked first and sixth in pref
erence. Of the six sources he listed as unacceptable (i.e., never visited), we
recorded three as nectar sources, but always minor, with a maximum of three
visits. Dana (1991) reported 21 nectar species for the Dakota skipper, and 11
for the Ottoe skipper, at Hole-in-the-Mountain. We recorded nectaring by the
Dakota skipper at 13 of his 21 flowers while he recorded 12 of our 25 flower
taxa. The dominant nectar choice by Ottoe skipper in our study was also so
in his. For Hesperia leonardus (including leonardus, pawnee, and the blend of
these two subspecies), Spomer et al. (1993) reported that dotted blazingstar
(Liatris punctata Hook.) was preferred, as in our study, and that three alter
nates were used in that flower's absence. We recorded nine nectar taxa for
this skipper, including two of their four species.
These various studies show some agreement in nectar selection within
species, but also a fair degree of discordance. An obvious source of variation
derives from differences in sites among studies, which would affect what
types of nectar were available. Flowers can also vary among years in abun
dance and timing relative to a particular species' flight period. Annual fluctu
ations in skipper abundance might also affect nectaring behavior. At
densities, the skippers may use alternate sources because of crowding
ferred sources.
Of the two Dakota skipper mating pairs we recorded, the one at 0930 h
CST was within the span of daily timing reported by Dana while the one
after 1630 h CST extended the period he reported later in the afternoon. As
in our observations, McCabe (1981) and Dana (1991) found more courtship
rejections than courtships leading to mating.
Conservation conclusions. Factors beyond the presence of larval host
limit the distribution and abundance of the study species, which are all local
ized species documented to use prevalent prairie grasses as larval hosts
(Opler and Krizek 1984, Scott 1986, Dana 1991, Bureau of Endangered Re
sources 1999). McCabe (1981) speculated that soil pH and humidity might af
fect larval survival in their overwintering sites at the soil surface. The strong
preference for site diversity in this study (Table 3) may be symptomatic of
these additional limiting factors as well.
Beyond the obvious general consequences of prairie habitat destruction,
it is difficult to assess the status and trend of these study species because of
the lack of systematic monitoring data over the decades and centuries. How
ever, Schlicht and Orwig (1998) reviewed the decline of these prairie skippers
in Iowa over the past century or more. For example, in the 19th century, the
Arogos skipper was considered one ofthe state's most abundant skippers, but
now they categorize it as "threatened" (defined as 21-100 known popula
tions), along with the Ottoe skipper. The Dakota skipper is considered extir
pated from Iowa, while the Poweshiek skipperling and Pawnee skipper are
considered endangered (6-20 known sites). Decline is also apparent since the
1980 Loess Hills (Iowa) Hesperiidae Survey, when prairie-restricted skippers
were more readily findable in the remnants of their habitat that had been
made (and still are) preserves (Schlicht and Orwig 1999).
Dana (1991) and we surveyed adult Dakota and Ottoe skippers in the
same site, he during 1979-1981 and we during 1988-1997. Since our study
methods differed considerably, only crude comparisons are possible. Dana
(1991; Fig.
with corrigendum) reported overall observation rates of about
3.9/h. Since
rates would have been higher if all his time were devoted to
counting (as we do) rather than also to his mark-release-recapture effort, he
conservatively estimated his observation rate at about 201h, counting only ef
fort at/near the species' peak (R. Dana in lit. 5 March 1993). Our overall rate
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during 1990-1997, only in our units corresponding to his sampling areas sur
veyed during the Dakota skipper flight, was 2.41h, which is much lower in
the more appropriate comparison to his adjusted rates. We recorded much
higher Dakota skipper rates elsewhere, ones comparable to or exceeding
Dana's adjusted rates (e.g., Bicentennial hay: 521h)-evidence that our sur
veys occurred at appropriate times and that high-density populations still ex
isted in the region.
We found so few Ottoe skippers that we cannot directly distinguish
whether this was due to a population much reduced since Dana's (1991)
study period or seasonal timing of our surveys. However, Dana's (1991) re
ported emergence dates, their timing relative to Dakota skipper flight, and
our comparison to Ottoe skipper observations in Wisconsin (Fig. 6) suggest
that some dates during 1993-1997, when we found no Ottoe skippers in fa
vorable weather in his study area, were within the flight period.
Since this is the only site known to us where a quantitative comparison
is possible, cause(s) of apparent decline(s) cannot be proved. However, this
does corroborate Schlicht and Orwig's (1998) point that successful conserva
tion of prairie butterflies requires more than habitat preservation and abun
dant host plants. Specific information on the species'timing and activity pat
terns is useful for implementing effective population monitoring, and data on
the species' habitat and management associations are necessary for design
ing and managing habitat preserves.
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Appendix 1. Name (with alternate name in parentheses), ownership, and county of the
study sites, by state, and years in which each site was visited. See Fig. 1 for map of
study region. Each part of Sheyenne National Grassland that was surrounded by non
prairie and/or non-government land was counted as a separate site. X = formal survey,
x = informal observations only.
Years surveys conducted (19 ..)
State, site
Iowa
Anderson
(Emmet Co.)
Cayler
Crossman
Freda Haffner
Kettlehole
Hayden
Hoffman
Kalsow
Stinson

Ownership!

County

88 89 90 91 92 93 94 95

state
state
1'NC

Emmet
Dickinson
Howard

'fNC
state
TNC
state
county

Dickinson
Howard
Cerro Gordo
Pocahontas
Kossuth

x
x

X

X

x
x

X

X

X

X

x

X
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x

X
X

X

X

X
X
X
X
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Minnesota
Audubon
(Margherita)
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(preserve)
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(hayed)

TNC

Clay
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Clay

county

Clay

x
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Appendix 1. Continued.
Years surveys conducted (19 ..)
State, site
Blazing Star
Bluestem
Chippewa

Ownership 1

88 89 90 91 92 93 94 95

Clay
x
TNC
Clay
x
TNC
TNC, private Chippewa, x
Swift
TNC
Wilkin
Norman
TNC

Foxhome
Frenchman's Bluff
Hole-in-theMountain
TNC
Kettledrummer
TNC
Lundblad
TNC
Ordway
TNC
Prairie Marshes
state
Prairie Coteau
state
Seven Sisters
TNC
Staffanson
TNC
Strandness
TNC
TNC
Town Hall
Twin Valley
TNC
Western North
(Elliot)
TNC
Western South (Western) TNC
Zimmerman
TNC
North Dakota
Brown (hayed)
Hartleben
Sheyenne, middle
Sheyenne, north
Sheyenne, north
central
Sheyenne, northeast
Sheyenne, northwest
Sheyenne, south
Sheyenne, southeast
Sheyenne, southwest

County

Lincoln
Wilkin
Murray
Pope
Lyon
Pipestone
Otter Tail
Douglas
Pope
Wilkin
Norman
Wilkin
Wilkin
Becker

private
USFWS
NFS
NFS

Ransom
Richland
Richland
Ransom

NFS
NFS
NFS
NFS
NFS
NFS

Ransom
Richland
Ransom
Richland
Richland
Ransom

X

X
X

X

96 97

X
X
X

X
X
X

X
X
X

x
x
X

x
x
X

X
X
X

X
X
X

X

X
X

X
X

X
x

x

X

X

X
X
X
X
X
X
X
X

X
x

X

X
x

X

X
X
X

X
X
x
X

X
X
x
X

X
X

X
X

X
X
X
X
X
X
X
X

X

X
X

X
X

X
X

X
X
X
X
X
X
X
x

X

X

X
X
X

X
X
X

x
x
x

X

X
X

X

X

x

x

X

X
x
x

x
x

x

x

X
X

X
x

X
X
X
X

X
X

x
x
X
X
X
X

X
X
X
X
X
X

X

X
X
X

ITNC=The Nature Conservancy; USFWS=U. S. Fish and Wildlife Service (waterfowl
production area); NFS=National Forest Service (national grassland).
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Appendix 2. Grass skipper (Hesperiinae) individuals recorded on surveys during this
study.
Poweshiek skipperling Oarisma poweshiek
(Parker 1870)
Common branded skipper Hesperia comma
(Linnaeus 1758)
Ottoe skipper H. ottoe W. H. Edwards 1866
Pawnee skipper H. leonardus pawnee Dodge 1874
Dakota skipper H. dacotae (Skinner 1911)
unidentified Hesperia Fabricius
Peck's skipper Polites peckius (w. Kirby 1837)
Tawny-edged skipper P. themistocles
(Latreille [1824])
Crossline skipper P. origenes (Fabricius 1793)
Long dash P. mystic (w. H. Edwards 1863)
unidentified Polites Scudder
Northern broken-dash Wallengrenia egeremet
(Scudder 1864)
Satchem Atalopedes campestris (Boisduval 1852)
Arogos skipper Atrytone arogos iowa
(Scudder 1869)
Delaware skipper A. logan (W. H. Edwards 1863)
Mulberry wing Poanes massasoit (Scudder 1864)
Broad-winged skipper P. viator
(w. H. Edwards 1865)
Two-spotted skipper Euphyes bimacula
(Grote and Robinson 1867)
Dun skipper E. vestris (BoisduvalI852)
unidentified Hesperiinae

Iowa

Minnesota

North Dakota

27

2318

58
1

27
220
547
7
10
5
4
2

53
28
316
6

70
1
19
2
23
5

7
13
1
9

79
38
1

1
1
2

3
3
5

2
371

4
16
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A METHOD FOR MAKING CUSTOMIZED, THICK LABELS
FOR MICROSCOPE SLIDES.
David

J.

Voegtlin 1

ABSTRACT
This paper describes a technique for creating customized, thick (= 1 mm)
slide labels, and fastening them permanently to slides so they can be stored
vertically by stacking or horizontally like cards in a file without putting pres
sure on the coverslip. After 20 years, thick labels created by this technique
have shown no sign of degradation; labels fastened to slides with silicone
caulking have remained securely attached. A storage system, using insect
drawer sized trays that hold large numbers of thick labelled slides, is shown.
The use of thick labels and such a storage system simplifies the curation of
large numbers of slides.

Long term storage and handling of large numbers of microscope slides
can be a problem. 'l'he most widely used method involves boxes with slotted
guides that hold, maximally, 100 slides per box. These boxes are expensive,
and curating slides held in this manner is time consuming, demanding re
peated handling of individual slides. Large cases with aluminum trays are
also available, but again, are expensive, and curation entails the shifting of
many slides individually. Far more compact storage and ease of curation can
be achieved by stacking slides vertically or on edge like cards in a file; how
ever, under such conditions it is necessary to protect the coverslips from pres
sure. This can be achieved in stacked or card filed systems by using thick
slide labels. The many advantages of using thick labels are discussed by
Heikenheimo (1988). Problems associated with thick labels have been the
high cost of printing on thick card stock and finding an appropriate glue to
attach the thick labels to the slides. The following technique, used and tested
over the past 20 years, produces customized thick labels inexpensively and
securely fastens them to the slide.
Creating custom labels using personal computers. User-friendly
word processing programs and today's high quality laser printers (600 dpi)
make it easy and inexpensive to make customized labels printed in clear,
readable text down to 4 pt type. Computer programs are also available that
will create labels using information stored in a data base. I have not used the
latter, so cannot comment on their ability to produce customized labels. Cus
tomizing may be done by using italics for generic and specific names, using
different fonts and sizes for different lines, and including a unique identifier
for each label/slide. Within these restrictions, the height of 2.5 cm (the width

lCenter for Biodiversity, Illinois Natural History Survey, 607 E. Peabody, Cham
paign, Illinois 61820-6970.
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Figure 1. Equipment and supplies for making thick slide labels. Clockwise
from top left, a dry mount press, four-ply bristol board cut into page-sized
pieces, laser-printed pages oflabels, silicone caulking/glue, dry mount tissue.

of a microscope slide) and vvidth of each label, modifications can be made line
by line. I have arbitrarily set the label width at 2 cm. This allows each label
to be set in several millimeters from the end of the slide, so that if necessary
they will fit into regular slotted slide boxes, vvithout interfering with the cov
erslip. Labels are made in rows rather than columns, which makes it very
easy to set label width using tabs. The entry for each line on the first label,
plus the tab, can be copied and pasted to compleh~ the line. Each row con
tains 8 labels and nine 2.3 cm rows of labels on each standard, letter-sized
page (Figure 1). Most programs allow the creation of a special page format
that can be saved and recalled so that it is unnecessary to reset tabs or select
the preferred font for each new page. Once in rows, individual lines are
copied and incorporated into new labels, and an entire row of labels can eas
ily be copied and repeated. Another capability of computer word processing
programs is the search and replace function. This function will work a row at
a time or on any selected set of rows. Once rows of labels are formatted, it is
easy to change any of the information using the replace function. Fonts can
be selected for clarity, such as the ability to separate between a capital I and
a small I (as in Illinois) or for personal preferrence. Font sizes between 4 and
7pt. are used in labels and it is difficult to read such small type sizes on a
standard computer screen. Most word processing programs have a zoom con
trol that allows one to work at a higher or lower magnification. Working at
200 or even 150 percent of normal makes it possible to work with 4 to 7 pt.
type easily.
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Figure 2. Two labels with point size of each line and space indicated. Top
label provides collection data and unique slide number, bottom label determi
nation and indication of mounting medium used. Lines drawn around the la
bels indicate where cuts would be made. They do not indicate line borders
around each label.
Figure 2 shows a pair of labels along with the size of each line and space.
This arrangement will vary with the amount of information you choose to
put on the label and the infomation that you choose to emphasize. A 4 pt.
space between rows of labels provides enough room to cut between the rows
and leave sufficient area above the top and below the bottom line. After some
experimentation with your program and font, the number, and font size of
lines that will complete a label to your satisfaction can be easily determined.
Pages oflabels are printed on acid-free, 100% rag paper.
Attaching pages of labels to thick card stock. The secret to making
thick labels is in the attachment of the high quality paper to card stock. This
is easily done using Kodak Dry Mount Tissue®--a sheet of glue that is a solid
at room temperature but melts under heat. The fusion of label pages to card
stock is accomplished by placing a sheet of Dry Mount Tissue® between the
two and heating to 100~110° C (210~230° F) for approximately a minute.
Heating this sandwich of cardstock, Dry Mount Tissue® and labels is most
easily done using a dry mount press (Figure 1), but can also be done with a
household iron. In both cases, it is useful to place a larger sheet of paper over
the sandwich when heating it. The glue sheets are 20.3 cm x 25.4 cm (8 x 10
inches), and if aligned properly, none will protrude outside of the sandwich.
When this cools, the label page and cardstock are inseparable and labels can
be cut using a good quality paper cutter. Card stock is available in a variety
of thicknesses, finish quality, and price. Four-ply bristol hoard is of appropri
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ate thickness and commonly available in art supply stores. It comes in sheets
55.9 cm x 76.2 cm (22 x 30 inches), providing six 21.6 x 27.9 cm (8.5 x 11 inch)
pieces. With four-ply bristol board, the total thickness of finished labels is ap
proximately 0.75 mm. This has proven to be thick enough to prevent adjacent
slides from contacting the coverslip, except in a few cases where very large
specimens have been mounted.
Attaching labels to slides. Many different glues have been tested for
their ability to permanently hold thick labels to the glass slide. The best
"glue" I have found is not a glue at all, but pure silicone caulking, a widely
available product used around bathtubs and showers. Pure silicone caulking
comes in variously sized tubes from a variety of manufacturers and is avail
able in most hardware stores. Smaller tubes are more expensive, but most
come with a cap to prevent the silicone that remains in the tube from firming
up once the tube is opened. More recently, a pure silicone product has become
available and is actually called a "household adhesive and seal." To fasten
the label to the slide place a small bit of caulking on the slide and press the
label down. Once the label is pressed onto the slide, no additional pressure is
needed and the label will be immovable in about an hour. Labels are placed
on the slide about 2-3 mm in from each end, making it possible to place
these slides in standard slide boxes.
Cost of label production. Cost of this process is shown below. Dry
mount tissue is available in 100-sheet boxes. Large sheets of 4 ply bristol
board (55.8 x 76.2 cm) cost approximately $2.50 each and can be cut into 6
standard letter-size pieces.
21.6 x 27.9 cm sheet 4 ply bristol board
20.3 x 25.4 cm sheet dry mount tissue
21.6 x 27.9 cm sheet acid free label paper
Total

$ 0.45
0.25
0.11
$ 0.81/page

Each page has 9 rows of 8 labels, or 72 labels. Altogether a materials cost of
slightly more than l¢llabel. This of course does not include the time it takes
to prepare the labels on the computer, dry mount them to card stock, cut
them, and glue them to the slides. The cost of the caulking also varies; how
ever, even a small tube will last for a long time if kept tightly capped.
Longevity of the labels. Before this process was adopted, a career pho
tographer was consulted as to the longevity of the dry mount process. He
stated that he knew of pictures that had been dry mounted and were still
solidly attached and unaffected by the dry mount after 30 years. The Bristol
board is not acid-free, although that quality is available at approximately
3--4 times the cost of regular Bristol board. It is probably not necessary to
have acid free Bristol board as the dry mount tissue separates the acid-free
paper from the Bristol board. Whether the dry mount tissue will eventually
have an affect on the acid-free paper I do not know, but I have labels made
with this process in the late 1970s that are still in excellent condition.
Silicone caulking has proved very effective as a label cement. Labels at
tached with this material for over 20 years are still held tightly. Some brands
of pure silicone caulking now come \>;,ith a 50 year warranty, implying excel
lent longevity for this use. The caulking never really hardens, so if the label
must be removed for any reason, it is relatively easy to remove it by using a
razor blade to cut through the thin layer of caulking. Most silicone caulkings
give off volatiles when curing and carry warning labels on the tube to keep
them from contact with eyes. This may be of concern for some users; how
ever, I have not found the odor overwhelming or in any way troublesome. The
quantity used is small and most is not exposed to the air, but sandwiched be
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Figure 3. Tray with a capacity of over 900 slides, built to fit into a cabinet for
Cornell insect drawers.

tween a thick label and glass which minimizes the immediate release of
volatiles. As the manufacturers advise, however, it is best to use this in an
area of good ventilation.
Some concern exists that laser-printed labels are susceptible to the rub
bing that occurs on slides stored in a card file manner. This varies with the
quality of the ink in the laser writer, the heat with which the print is fused to
the paper, and is easily tested by rubbing a printed page taken from your
printer. I have seen some laser-printed type that rubs off quite easily, while
others remain firmly attached and show no degradation from rubbing. It is
important to use high quality cartridges in your printer. There is some indi
cation that heating laser printed sheets increases the durability of the print
ing. It is possible that the heating to fuse the paper and Bristol board aids in
fixing the print to the paper. Laser-printed labels are soluble in organic sol
vents such as ethyl acetate (Sims and Venable 1992), but it is unlikely that
most microscope slides would be exposed to such chemicals. If laser-printed
labels are perceived to be a problem, custom offset-printed labels can be
made and attached to cardstock.
Storage systems for slides with thick labels. Large numbers of
slides can be stored in drawers as shown in Figure 3. This one holds over 900
slides. Unfortunately such drawers cannot be purchased and must be custom
made. This homemade drawer was constructed with the dimensions of a
standard insect drawer that allows slides to be held in regular museum stor
age cabinets. The exchange of slides within and between drawers is easy.
Slides are kept vertical in each row by pieces of packing foam that are cut
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slightly longer than the width of the row. Heikenheimo (1988) diagrams two
additional storage systems for slides with thick labels. One of these was de
scribed and used by Hille Ris Lambers (1950), who stored over 60,000 slides
in a very small area.
If you already have a large collection of slides in boxes with regular la
bels, it is possible to integrate them into such a storage system without mak
ing a thick label for each. Slides without thick labels can be kept in transpar
ent plastic sleeves. These are available from plastics manufacturers at a
reasonable cost, but will probably have to be ordered in a minimum of sev
eral thousand. These plastic covers will limit pressure on the coverslip.
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