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BURYING BEETLES (COLEOPTERA: SILPHIDAEj OF THE APOSTLE
ISLANDS, WISCONSIN: SPECIES DIVERSITY, POPULATION DENSITY
AND BODY SIZE
Stephen T. Trumbo 1 and Shelly Thomas 2

ABSTRACT
Over 2400 burying beetles, representing six species (Nicrophorus defodi
ens, N. sayi, N orbicollis, N. tomentosus, N vespilloides, and N. pustulatus),
were trapped from 27 June to 4 August, 1996 at nine study sites (3 small is
lands, 3 large islands, and 3 mainland locations) centered around the Apostle
Islands National Lakeshore in northern Wisconsin. Species diversity was
greatest on the mainland and least on the smallest islands « 600 ha).
Nicrophorus defodiens, the smallest of the six species, was marginally over
represented on the smallest islands. We hypothesize that this occurred be
cause N defodiens can maintain a larger population for a given resource
base than its larger congeners. Estimates of population density for N defodi
ens were made on the two smallest islands (Raspberry and Devils) and
ranged from 16-24Iha. On the small and isolated Devils Island, N defodiens
had significantly greater pronotal width compared to conspecifics at each of
the other eight sites. We hypothesize that the larger body size at this site
which is dominated by N defodiens may be selected because of the greater
frequency of intraspecific encounters.

Island groups have figured prominently in ecological and evolutionary
studies (MacArthur and Wilson 1967). Depauperate communities on islands
often differ markedly from the mainland in the number and types of competi
tors. Reproductive isolation can facilitate adaptation to such local biotic dif
ferences. Because water acts as a barrier to migration for terrestrial organ
isms, islands permit the ecologist to work with a semi-confined population.
Thus, for organisms that move extensively in their environment, estimates of
population size and community composition are more feasible on islands
than on the mainland.
In this study, burying beetles (Silphidae: Nicrophorus Fabricius) were
trapped at nine study sites centered around the Apostle Islands National
Lakeshore (three each of small islands, large islands and mainland loca
tions). The following predictions were tested: (1) Species diversity would be
positively related to habitat area, being greatest on the mainland and least
on small islands (MacArthur and Wilson 1967). (2) Of the three primary late
spring/early summer bree
burying beetles in this geographic region (N
defodiens Mannerheim, N s i Laporte and N orbicollis Say), the smallest,
IDepariment of Ecology & Evolutionary Biology, University of Connecticut, Water
bury, CT 06710.
2Department of Biological Sciences, University of Maine at Orono, Orono, ME
04469.
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N. defodiens, would be proportionately more common on small islands.
Smaller species of burying beetle, such as N. defodiens, can maintain larger
populations for a given level of resource (Trumbo 1992) and might be less
prone to extinctions at sites with a limited and variable resource base. (3)
Body size (as measured by pronotal width and foretarsUB length) of N. defo
diens would be greatest on islands on which this species is ecologically domi
nant as compared to other sites, especially at isolated sites. This prediction is
based on an expected shift from interspecific to intraspecific competition
when the only competitors of N. defodiens are conspecifics (Trumbo 1990a,
1992).
In addition, we made population estimates of N. defodiens on the two
smallest islands. Estimates on mainland sites have proven problematical be
cause of the extensive movement of these insects in search of resources.
Burying beetle life history. Burying beetles exploit a wide size range
of vertebrate carrion for use as a breeding resource (N. defodiens, 3-100 g; N.
orbicollis, 5-300 g; Trumbo 1992). Exploitable carcasses are a rare and val
ued resource (Wilson 1971); in northern Michigan nearly every fresh verte
brate carcass under 200 g is found within 48 h during good weather (Trumbo
1990b, 1992). After locating a carcass, a single female or male-female pair
will inter the carcass, remove hair or feathers, and deposit secretions over
the carcass to control the decomposition (Pukowski 1933). Larger breeding
groups sometimes exploit larger carcasses (Trumbo 1992, Eggert 1992, Scott
and Williams 1993). Females oviposit eggs in the surrounding soil in as little
as 18 h after finding a carcass. Mter several days, the young hatch and crawl
to the carcass to feed where they are cared for by their parent(s).
Burying beetles regulate the size of their brood such that young disperse
from a range of carcass sizes at an equivalent mass (Wilson and Fudge 1984,
Trumbo 1990c, Trumbo and Fernandez 1996). Nicrophorus defodiens, for ex
ample, will produce larvae of the same size over carcasses ranging in size
from 5-20 g (Trumbo 1992). Females normally lay many more eggs around a
carcass than can be supported (MUller 1990). During the first day that larvae
are on the carcass, the parent(s) kill a subset of the young so that the surviv
ing brood will have adequate resources (Bartlett 1987). For a given sized re
source, a smaller species such as N. defodiens will usually raise three- to
fourfold the number of larvae as its larger competitor N. orbicollis (Trumbo
1990a, 1992).
A parent that limits reproductive output and thereby produces larger off
spring can be compensated by the superior competitive ability of the young.
Larger individuals almost always win intraspecific contests for resources
(Otronen 1988, Bartlett and Ashworth 1988), and larger species commonly
displace smaller congeners from carcasses (Milne and Milne 1976, Scott
1994). Nicrophorus defodiens loses a high proportion of resources to larger
competitors when larger competitors are abundant (there is very little over
lap of body size between N. defodiens and N. orbicollis and, therefore, larger
size of N. defodiens would confer no advantage in interspecific contests; Scott
1994). Smaller species remain competitive with larger rivals in a number of
ways in addition to their advantage in reproductive output. Nicrophorus de
fodiens, for example, is active before sunset at a warmer period of the day
than the nocturnal N. sayi and N. orbicollis (Wilson et al. 1984). Nicrophorus
defodiens can therefore search for carcasses on days on which congeners will
not become active because of cool nocturnal temperatures. This species also
will exploit very small carcasses (3-5 g) that the larger N. orbicollis rejects,
presumably because of the limited number of offspring that could be raised
(Trumbo 1990a). In the absence ofiarge competitors,l{. defodiens would
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have greater opportunity to exploit larger carcasses which attract more (in
traspecific) rivals (Trumbo 1990a, 1992, Eggert and Muller 1997; Scott 1998).
Selection for larger size and superior competitive abilities might then be ex
pected.
METHODS
The study was conducted in and around the Apostle Islands National
Lakeshore in northern Wisconsin. Three of the study sites were small islands
« 600 ha: Raspberry, Devils and Manitou), three large islands (2000-4000
ha: Oak, Outer and Stockton), and three mainland locations (Peninsula, part
of the National Lakeshore; Chequamegon National Forest, northern section
approximately 24 km SW of the Bayfield Visitor Center; and the Porcupine
Mountain State Park on the Upper Peninsula of Michigan, approximately
110 km east of Bayfield, Wisconsin) (see map and land areas, Fig. 1). Habi

o

5

10KM

Figure 1. Study sites at the Apostle Islands National Lakeshore (hectares in
parentheses): i-Raspberry (119), 2-Devils (219), 3-Manitou (552), 4-0ak
(2056), 5-0uter (3239), 6-Stockton (4070), 7-Peninsula. Chequamegon
National Forest and Porcupine Mountain State Park not shown.
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tats on these sites, characterized by a mix of northern hardwoods and boreal
conifers, are quite varied and are dependent on the frequency and last occur
rence of disturbance (primarily logging), distance from shore, and microcli
matic differences (Judziewicz and Koch 1993).
We trapped burying beetles from 27 June to 4 August, 1996. The number
of successful trapping dates per island varied from 2 to 10 (Manitou, Porcu
pine-2; Oak, Stockton, Chequamegon-5; Outer-6; Raspberry, Peninsula
7; Devils -10), and the number of traps per date from 3 to 34. We used two
primary types of traps. Pitfall traps were dug into the ground, the rim flush
with the soil surface, and baited with 2-3 large laboratory rats, and covered
by a rain protector. On two islands (Raspberry and Devils) which were inten
sively studied to estimate population density, single rats were placed on top
of the leaflitter to bait beetles. One end of a 0.5 m string was tied to the hind
leg of the carcass and the other end to a stake. The string allowed the carcass
to be tracked underneath the leaf litter so the beetles could be removed and
the carcass could be brought to the surface to be used again for baiting.
We estimated species diversity at each of the nine sites using the Shan
non-Wiener index (Hl):

HI = - I Pi (In p)
where pi is the proportion of the ith species.
We obtained population estimates of Nicrophorus defodiens on the two
smallest islands, Raspberry and Devils. From 16-19 July, we trapped 343 in
dividuals on Devils using a combination of 33 pitfall traps and single rats
along a trapline extending the length of the island. We marked (a small
notch placed on the elytra) and released beetles, and baited a second time
during 26-29 July. Recaptures were noted to derive the first population esti
mate, and then we marked and released all beetles again. We trapped a final
time on 3 August to derive a second estimate. Because some beetles died in
the traps, we used the following modified formula (Campbell 1996) to derive
population estimates:
Estimated population size =
(#

dead at 1st trapping) + (# marked at 1st trapping) x
[ (#

(# caught at 2nd trapping)
of recaptures at 2nd trapping)

J

From 12-26 July, we marked and released 110 individuals on Raspberry
Island. The second trapping occurred on 1 August. This single estimate of
population size on Raspberry was hampered by a large number of individuals
that died in the traps and by a limited number of recaptures.
The population estimates assume no significant migration between is
lands (none of the 785 marked beetles were trapped on other islands), and no
significant emergence or mortality (other than mortality accounted for in pit
fall traps) during the period in which the estimates were made.
We measured pronotal width and length of the right foretarsus of all
trapped beetles to 0.05 mm using precision calipers. Pronotal width and ely
tral length have been shown to be related to body mass and are preferred
measurements of body size because they do not vary with adult nutrition and
reproductive condition (Bartlett and Ashworth 1988, Otronen 1988). Foretar
sus length was measured as part of a larger study of sex differences in mor
phology.
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Figure 2. Percentage of Nicrophorus species trapped at the nine study sites.
Total number of individuals trapped shown in parentheses.

RESULTS
From 27 June until 4 August, we trapped 2445 individuals belonging to
six species (Nicrophorus defodiens, N. sayi, N. orbicollis, N. tomentosus
Weber, N. vespilloides Herbst and N. pustulatus Herschel). The total number
of individuals trapped per island and the proportions for each species are
shown in Fig. 2. Differences in the total number of individuals trapped were
primarily due to differences in the number of traps set and the number of
nights on which trapping occurred.
Species diversity. Species diversity of burying beetles increased with
habitat size (one-way ANOVA, F 26 13.45, P < 0.01; area categorized by 3
levels [small island, large island, 'mainland]). A logarithmic function plotted
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Figure 3. Shannon-Wiener species diversity indices (Hl) measured at each
study site as a function of habitat area. 10,000 ha was chosen arbitrarily as
the area for each of the three mainland sites.

to the data accounts for significant variation (r2 0,79, P < 0.001; Fig. 3). At
no site did we trap all six species although all species are likely to be found
on mainland sites that include bog habitat.
As in previous studies, N. pustulatus was extremely rare (4 specimens)
and N. vespilloides was confined to sites with bogs, its critical habitat (Outer,
Devils, Stockton Islands, and Chequamegon N. F.) (Shubeck 1977, Anderson
1982, Trumbo 1990b, Robertson 1992, Beninger and Peck 1992, Beninger
1994). Nicrophorus tomentosus is a late summer breeder in the Great Lakes
region and was just becoming active at the conclusion of the study; undoubt
edly its abundance was underestimated.
Nicrophorus defodiens was the most commonly trapped species at each
of the nine sites. In the Great Lakes region three species of burying beetle
(N. defodiens, N. sayi, N. orbicollis) breed in woodlands in late spring! early
summer and can be locally abundant (Anderson 1982, Wilson et al. 1984,
Beninger 1994). The percentage of N. defodiens is shown as a function of
habitat area in Fig. 4. On each of the small islands « 600 hectares), over
90% of all burying beetles trapped were N. defodiens The relative abundance
of N. defodiens was not related significantly to habitat area (one-way
ANOVA, F ~ 6 3.55, P =0.09; area categorized by 3 levels [small island, large
island, mainland]). The relationship is marginally significant if habitat area
is used as a continuous dependent variable (simple regression, F) 7 = 7.06, P
= 0.03; significance is maintained when chosen values for maulland area
range from 4000 to 25,000 hectares). Thus, the relationship between habitat

THE GREAT LAKES ENTOMOLOGIST

1998

100
1/1
C

Q)

-:g

••

91

•

80

0

Q)

' tJ

60

0

Q)

Q

....tilC

•

40

Q)
(,)

...

Q)

Q.

20

0
()

Area (hectares)

Figure 4. The percentage of late spring! early summer Nicrophorus trapped
that were N. defodiens, as a functlOn of habitat area. 10,000 ha was chosen
arbitrarily as the area for each of the three mainland sites.

area and proportion of Nicrophorus defodiens must be regarded as quite ten
tative.
Population size. We estimated population size of N. defodiens on Dev
ils Island during 16-19 July and during 26-29 July. Of the 343 individuals
trapped, marked and released during 16-19 July, we recaptured 45 during
26-29 July, giving an estimate of 2916 for the island (see Methods). We re
captured 101 individuals on 3 August (from a pool of 675 marked individu
als), giving a second estimate of 2054. Population density estimates were
22.6 and 16.0 per hectare for the two periods, respectively. Our single popula
tion estimate for Raspberry Island during 25-26 July (2895 for the island,
24.2Ihectare) must be taken with considerable caution because of the small
number ofindividuals marked (110) and recaptured (4).
Body size. We predicted that N. defodiens would be larger in size on iso
lated islands dominated by this species because of an expected shift from in
terspecific to intraspecific competition. This prediction was difficult to test
because only one site (Devils) met both criteria. Raspberry, Manitou and
Stockton appeared to be dominated by N. defodiens (relative to N. sayi and
N. orbicollis) but were not well isolated from the mainland and other islands
(see Fig. 1). Outer Island was isolated but contained a substantial popUlation
of the larger N. sayi. On Devils Island, N. defodiens had a significantly
broader pronotum than their counterparts at each of the other 8 sites (t
tests, all p < 0.05; Table 1). The mean difference in pronotal width between
Devils and other islands was 6%. Foretarsus length of N. defodiens was sig
nificantly greater on Devils Island than on each of the other islands, with the
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Table 1. Mean (± SE) pronotal width (mm) and right foretarsus length (mm) for
Nicrophorus species for which at least 20 individuals were trapped at a study site.
Sample sizes are shown in parentheses beneath the site name for N. defodiens, N. sayi,
and N. orbicollis, respectively.
N. defodiens
N. sayi
N. orbicollis
pronotal foretarsus
pronotal
foretarsus pronotal foretarsus
Site
width
width
width
Raspberry 4.82 (0.02) 2.41 (0.02)
(344)
Devils
(952)

5.05 (0.02) 2.45 (0.01)

Manitou
(35)

4.82 (0.07) 2.29 (0.04)

Oak
(189)

4.84 (0.03) 2.35 (0.02)

Outer
(72,65)

4.78 (0.05) 2.38 (0.03)

Stockton
(21)

4.72 (0.07) 2.26 (0.06)

Peninsula
(285,33)

6.17 (0.08)

3.35 (0.05)

4.71 (0.03) 2.31 (0.02)

6.28 (0.09)

3.47 (0.07)

Chequam. 4.74 (0.05) 2.27 (0.03)
(92,50,32)

5.92 (0.12)

3.18 (0.09) 6,44 (0.14) 3,47 (0.10)

4.71 (0.07) 2.28 (0.05)

6.23 (0.10)

3.50 (0.06) 6.89 (0.20) 4.00 (0.09)

Porcupine
(45,44,24)

exception of Raspberry (t-tests, P's < 0.05; Table 1). As expected, mean fore
tarsus length of N. defodiens was related significantly to mean pronotal
width (regression, F 1•7 = 12,21, P 0.01)
DISCUSSION
Burying beetles on the Apostle Islands demonstrate increasing species
diversity with increasing habitat area. Small islands commonly have depau
perate fauna because of less habitat variation, less immigration and greater
rates of extinctions of small populations (MacArthur and Wilson 1967).
Species may be more likely to persist, therefore, if they maintain larger pop
ulations on a limited resource base. Among burying beetles, smaller species
may persist on small islands which are unable to support viable populations
of larger species. Nicrophorus orbicollis, for example, requires 3-4 times as
much carrion resource to raise the same number of brood as its smaller com
petitor, N. defodiens (Trumbo 1992). We found weak support for the predic
tion that N. defodiens, the smallest burying beetle in North America, would
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be more abundant in habitats of smaller area. Study at additional sites could
provide more definitive tests. In particular, North Twin Island (71 hay and
Eagle Island (10 hal are both isolated and small; both community composi
tion and body size of N. defodiens at these sites would be of interest. The
high estimated population densities of N. defodiens on Raspberry and Devils
Islands, and the existence of Nicrophorus on very small islands « 10 hay off
the coast of Maine (Roux, pers. comm.), suggest that burying beetles may be
present on these smaller islands.
The scarcity of N. orbicollis on the Apostles is likely due to both its
larger body size and its temperature preferences. Of the three late
spring/early summer woodland breeders (N. defodiens, N. sayi, N. orbicollis),
N. orbicollis is the most successful in warmer climates. Nicrophorus orbicol
lis is the most abundant burying beetle of summer from the southeastern
U.S. to southern New England and across to southern Michigan (Shubeck
1977, Anderson 1982, Wilson et al. 1984, Trumbo 1990b, Robertson 1992). On
the Apostles, unusually cool summers might cause local extinctions of N. or
bicollis on some islands, and recovery might be slow.
In regions warmer than the Apostles, N. sayi breeds primarily in late
spring and ceases breeding when N. orbicollis becomes more active (Wilson
et aL 1984, Beninger 1994). This pattern was less apparent on the Apostles
as N. sayi was trapped throughout July. At sites such as Outer Island, on
which substantial number of N. sayi, but not N. orbicollis, were trapped, it
would be of interest to determine whether reproductive phenology covaries
with changes in community composition.
Estimating population density of burying beetles is difficult because of
their mobility. Islands provide ideal environments for examining population
size because movements between islands are likely to be rare during the
short time required for obtaining the estimate. Population estimates of N. de
fodiens (> 90% of all Nicrophorus) on Raspberry and Devils were surprisingly
high (16-24/ ha or an estimated biomass of 1.7-2.5 g/ha based on mass of N.
defodiens in northern Michigan; Trumbo 1990a). The absence of larger verte
brates on the islands may favor burying beetles in two ways. The lack of non
avian predators on small islands of the Apostles (Julie Van Stappen, pers.
comm.) may result in higher population densities of small vertebrate prey
species, the only resource burying beetles use for breeding. In addition, the
scarcity of non-avian predators and of larger vertebrate scavengers in
forested habitats may leave more carrion for insect carrion feeders.
There have been two other attempts to estimate population size for
Nicrophorus although density estimates are uncertain because of difficulties
in determining habitat size. Kozol et aL (1988) estimated that Block Island,
Rhode Island supported more than 500 of the endangered N. americanus
Olivier, the largest burying beetle in North America (approximately 8 times
the mass of N. defodiens). Sikes (1996) estimated that the Big Creek, Califor
nia population of N. nigrita was 4565. Marking and trapping in nearby
canyons demonstrated that the Big Creek site was an effective island of
woodland habitat with little migration.
Burying beetles are extremely abundant throughout the Great Lakes re
gion, especially so on islands. Because burying beetles appear to establish
sizable populations on even quite small wooded islands, opportunities are
present for the study of community ecology and life history adaptation at iso
lated sites. The ease of trapping burying beetles and their widespread distri
bution suggest that surveys of Nicrophorus on islands in this region may
prove profitable.
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INSECTS ASSOCIATED WITH BUTTERNUT AND BUTTERNUT CANKER
IN MINNESOTA AND WISCONSIN
Steven A. Katovich 1 and Michael E. Ostry2

ABSTRACT
Butternut, Juglans cinerea, is being killed throughout its native range in
North America by the fungus Sirococcus clavigignenti-juglandacearum. In
addition to rain splashed spores, it is thought that the fungus may have
spread over long distances to infect widely scattered butternut by insect vec
tors_ During surveys in 1995 and 1996 we found several insect species in
close association with diseased butternut trees, and spores of S. clauigig
nenti-juglandacearum were isolated in pure culture from the bodies of some
of these insects. Potential insect vectors were species in the coleopteran gen
era Eubulus (Curculionidae), Laemophlaeus (Laemophloeidae), and Glis
chrochilus (Nitidulidae). Because several insect species become contaminated
with fungal spores, further study is needed to determine if any of these in
sects might transmit the fungus to healthy trees and thereby infect them. .

Butternut, Juglans cinerea L. is being killed throughout North America
by the fungus Sirococcus clauigignenti-juglandacearum Nair, Kostichka, and
Kuntz. Trees are killed by multiple branch and trunk cankers that girdle the
tree. The origin of this fungus is unknown, but there is growing evidence
that it may be an introduced pathogen Wstry 1997).
Butternut trees tend to grow in small isolated groves or as scattered indi
viduals in mixed hardwood forests. Despite the isolated nature of butternut,
butternut canker has become prevalent across the eastern United States and
Canada (Innes and Rainville 1996). In North America, the disease was first
reported in 1967 on butternut trees in southwestern Wisconsin (Wisconsin
Conservation Department 1967). A recent Wisconsin survey revealed that 91
percent of the live butternut in all age classes throughout the state were dis
eased (Carlson 1993). In 1978 butternut canker had not been reported in Ver
mont (Anderson and LaMadeleine 1978), but recently was reported in every
county in Vermont with 94 percent of trees cankered (Bergdahl et a1. 1996).
The conidia of S. clauigignenti-juglandacearum are dispersed during pe
riods of rain and can travel at least 45 m from infected trees (Nicholls 1979,
Tisserat and Kuntz 1983). Long distance dispersal is not well documented.
Insect vectors may be involved in carrying the fungus between widely dis
persed trees. There have only been limited studies on insects associated with
butternut. We conducted a survey in western Wisconsin and eastern Min
lUSDA Forest Service, Northeastern Area, Forest Health Protection, 1992 Folwell
Avenue, St. Paul, MN 55108.
2USDAForest Service, North Central Forest Experiment Station, 1992 Folwell Av
enue, St. Paul, MN 55108.
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nesota to detect insects associated with butternut trees that may vector the
pathogen.
MATERIALS AND METHODS
Four locations, two in Minnesota (Ml and M2) and two in Wisconsin (WI
and W2) (Table 1) were surveyed at 10-14 day intervals between 1 April and
30 September in 1995 and 1996. Two sites, Ml and WI, were selected be
cause logging or windthrow allowed access to recently dead boles and
branches of butternut trees. The two other sites, M2 and W2, were selected
because of an abundance of open-grown butternut trees that provided easy
access for observing and collecting insects within tree crowns. Present on all
four sites were standing dead and declining butternut trees resulting from
cankers caused by S. clavigignenti-juglandacearum.
In addition to the four sites described above, additional insect collections
were made at several other sites in both Minnesota and Wisconsin that con
tained butternut trees. On these sites, bark, wood and foliage were collected
and all insects encountered on butternut trees were collected and identified.
Their location on the tree and any association with infected portions of trees
were recorded.
During each visit, branches and boles of butternut trees in various stages
of decline and decay were dissected and any insects encountered were col
lected for identification. Notes were then taken on any insects found in asso
ciation with cankers or in direct contact with conidia of S. clavigignenti-jug
landacearum. Insect collections from foliage, twigs and branches were made
during each visit by hand-picking, sweeping the foliage, using pole pruners
and by vigorously shaking branches over a white drop cloth.
Table 1. Descriptions of the four major areas surveyed for insects associated with but
ternut trees and butternut canker in Minnesota and Wisconsin, 1995-1996.
Site #

County

Site description

Minnesota
Ml

Olmsted

M2

Goodhue

Farm woodlot, 50-60 yr old trees. Butternut canker
prevalent. Windthrow and single tree harvesting
occurred in 1995. Associated trees; Tilia americana,
Quercus sp., and Fraxinus americana.
State Forest, 30-40 yr old trees. Butternut canker
prevalent. Stand poorly stocked with large crowned
butternut trees scattered throughout. Associated
trees; Juglans nigra, Quercus sp.

Wisconsin
WI

Menominee

W2

St. Croix

School Forest, 50-60 year old trees. Butternut
canker prevalent. Stand thinned in 1995. Stand
well stocked with tall mature trees. Associated
trees; Carya cordiformis, Populus tremuloides,
Quercus rubra, and Tilia americana.
State Park, 20-50 year old trees. Butternut canker
prevalent. Many open grown trees with large
crowns accessible from the ground. Associated
trees; Acer saccharinum, Populus tremuloides,
Quercus sp., and Robinia pseudoacacia.
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At sites Ml and WI, collections of branches and the main stems of but
ternut trees cut or damaged by wind in the winter of 1994-95 were made
every 14 days between 15 April and 1 September, 1995. Approximately I-m
long sections of fine branches « 2.5 cm diam.), medium branches (2.5 cm 
7.5 cm diam.) and larger branches or main stem (> 7.5 cm diam.) were col
lected. This material was placed in screened containers and kept in a green
house. Insects emerging from the material were collected and identified. In
addition, 30.5 cm wide sticky bands (Tanglefoot®) were maintained on three
recently killed (girdled or storm damaged) and three living butternut trees at
each site, The sticky bands were placed at a height of 2 m on the trunk.
The relative frequency at which each insect species was collected on but
ternut trees was defined as common (present at all four sites during both
years), occasional (found both years but not at all sites or found only one year
but at all sites), or rare (found one year only and not at all sites),
Attempts to isolate S. clavigignenti-juglandacearum from selected in
sects were made by collecting individual insects in gel caps, freezing them,
and then placing the insects onto potato dextrose agar and incubating them
at 20° C.
RESULTS AND DISCUSSION
Overall, 87 insect species were identified (Table 2), representing 7 orders
and 37 families. The most commonly collected order was Coleoptera with 16
families and 58 species. Other orders collected were Thysanoptera, 3 species;
Hemiptera, 1 species; Homoptera, 7 species; Diptera, 3 species; Lepidoptera,
9 species; and Hymenoptera, 6 species.
Most species were consistently collected in or near the same location on
trees, specifically under or on bark, and on or in twigs, foliage or reproduc
tive structures. On infected trees, S. clavigignenti-juglandacearum forms hy
phal pegs under the bark of recently killed twigs, branches and the main
stem where conidia are produced (Ostry 1997). These pegs break open the
bark, exposing the sticky conidia. Presumably, insects that spend time under
the bark are more likely to encounter conidia than those that only visit the
outer bark surface or those that tunnel in wood where the fungus does not
sporulate.
Insects that are found on foliage and live twigs would not normally en
counter hyphal pegs. Often, the first cankers on newly infected trees develop
on small branches in the upper crown. Therefore, insects that visit both dead
or dying branches where hyphal pegs and conidia are formed and also visit
the upper-crown portions oftrees may be likely vectors of this pathogen.
Insects found associated with bark. Most Coleoptera species were en
countered on or under bark of dead or declining trees. A number of species
were reared from bark or wood samples. The most abundant and commonly
encountered species were Eubulus parochus and Cossonus platalae (Cur
culionidae). Sirococcus clavigignenti-juglandacearum was previously isolated
from both E. parochus and C. platalae (Halik and Bergdahl, 1996). Adults of
E. parochus were very abundant on the bark of declining and recently killed
trees. Larvae and pupae developed under the bark of recently dead material.
Positive isolations were obtained from 2 of 38 E. parochus adults (Table 3),
The two positive individuals were collected under the bark in association
with hyphal pegs. The other 36 specimens were collected on the outer bark
surface. Cossonus platalae adults were only found in large numbers under
bark that sloughed off very easily, indicating that the bark had been dead for

Table 2. Insect species found in association with butternut trees. Relative frequency is listed either as common (C), occasional (0), or
rare (R). Common species were present at all four sites during both years; occasional species were found both years but not at all sites
or found only one year but at all sites; and rare species were found one year only and not at all sites. Stages collected were adult (A),
immature (I), and pupa (P). The notes include the plant part where the insect was most frequently observed or collected.
Order
Family
THYSANOPTERA
Thripidae
HEMIPTERA
Tingidae
HOMOP'l'ERA
Cercopidae
Cicadellidae
Coccidae
Flatidae
Membracidae
COUWPTERA
Anobiidae
Buprestidae

Carabidae
Cerambycidae

Species
Catinathrips sp.
Taenothrips inconsequens (Uzel)
Thrips pullicornis Hood

Relative
Frequency

Stages
Collected

0
0
0

A
A
A

0
0

Notes

On foliage
On foliage
On foliage

-I

I

Corythuca juglandis (Fitch)

C

A,I

Clastoptera obtusa (Say)
Xestoeephalus piceus Osb.
Parthenoleeanium corni (Bouche)
Metealfa pruinosa Say
Ceresa bubalis (Fab')
Enchenopu binotata (Say)
Telamona montieola (Fab.)

0
0
C
C
R
R
R

A
A
A
A
A
A
A

On foliage
On foliage
On twigs
On foliage & twigs
On twigs
On twigs
On twigs & small branches

Ptilinus thoracieus (Rand.)
Agrilus juglandis Knull

C
C

A
A

Agrilus masculinus Horn
Agrilus obsoletoguttatus QQry

R
R

A
A

Chrysobothris azurea LeConte
Dicerca di!luricatu (Say)
Bembidion putruele Dejean
Amniscus macula (Say)
Catagenus rufus (Fab.)
Cyrtophorus verrucosus (Oliver)

R
R
R
C
R

A
A
A
A
A
A

Tunneling in wood, no bark
Reared from bark of dead &
declining trees
Reared from dead branches
Reared from bark of dead
branches
On bark of declining trees
On bark of declining trees
Under dead bark
Reared from dead branches
Reared from dead branches
On bark of declining trees

R

On foliage

m

G1
;u
m

~
~
A

m

Vl

m

Z

0

6
r

0
G1
u;

-I

~

w

~

,

Z
9
tv

Chrysomelidae
Cleridae
Cucujidae
Curculionidae

Erotylidae
Histeridae
Laemophilidae

Eupogonius submartys (LeConte)
Gaurotes cyanipennis (Say)

R
C

A
A

Graphisurus fasciatus (DeGeer)
Hyperplatys aspersa (Say)
Hyperplatys maculata Haldeman
Leptostylus transversus transversus Gryllenhal
Microgoes oculatus (LeConte)

R
C
C
C
C

A
A
A
A
A

Sternidius alpha misellus LeConte

C

A

Urgleptes querci (Fitch)

C

A

Paria quadriguttata LeConte
Enoclerus nigripes nigripes (Say)

0
0

A
A

Zenodosus sanguine us (Say)
Brontes dub ius Fab.
Cucujus clavipes Fab.
Acoptus suturalis LeConte
Barypeithes pellucidus (Boheman)
Cimberis sp.
Conotrachelus juglandis LeConte

0
C
R
0
C

A
A
A
A
A
A
A,I

Cossonus platalae Say

C

A

0
0

Eubulus parochus (Hbst.)

C

A,I,P

Polydrusus flaoipes DeGeer
lschyrus quadripunctatus quadripunctatus (Oliv.)
Hololepta fossularis Say
Platysoma sp.
Laemophlaeus biguttatus (Say)
Laemophlaeus fasciatus Melsh.

R
R
0
R
C
C

A
A
A
A
A
A

Reared from dead branches
On bark of dead & declining
trees
Reared from dead branches
Reared from dead branches
Reared from dead branches
Reared from dead branches
On bark of dead & declinillg
trees
Reared from dead small
diameter branches
Reared from dead small
diameter branches
Under dead bark
On bark of dead & declining
trees
On bark of dead trees
Under dead bark
Under dead bark
bark of dead & declining trees
On foliage
Under dead bark
Adults on foliage, larvae
mining twigs
Under bark of dead and
decaying trees
On bark of dead & declining
trees, reared from dead
branches
On foliage
On foliage
Under dead bark
Under dead bark
Under dead bark
Under dead bark

-0
-0

co

-i

I

m

G)
;;;0

m

~

);:
A

m

V>

m

Z

-i

~0

..
0
G)

Vi

-i

0

Table 2. Continued
Order
Family
Monotomidae
Nitidulidae

Phalacridae
Scolytidae

LEPIDOPTERA
Arctiidae
Lymantriidae
Noctuidae

0

Relative
Frequency

Stages
Collected

Laemophlaeus testareus (Fab.)
Bactridium sp.
Glischrochilus confluentus (Say)

C
C
C
C

A
A
A
A

Glischrochilus quadrisignatus (Say)

C

A

Glischrochilus sanguinoientus (Oliv.)
Prometopia sexmaculata (Say)
Phalacrus politus Melsh.
Hylesinus aculeatus Say
Monarthrum mali (Fitch)
Phloeotribus dentifrons Blackman
Pityopthorus lautus Eichoff
Trypodendron betulae Swaine

R
R
0
R
C
R
R
R

A
A
A
A
A
A
A
A

Xyleborus sayi (Hopkins)
Xyloterinus palitus Say
Charhyphus picipennis LeConte
Lordithon sp.
Neobisnius sp.
Ontholestes cingulatus Grav.
Philonthus sp.
Sepedophilus sp.
Siagonium sp.

0
R
C
0
0
R
0
0
0

A,I,P
A
A
A
A
A
A
A
A

Hyphantria cunea (Drury)
Lophocampa caryae (Harris)
Orgyia leucostigma (J.E. Smith)
Acronicta americana (Harris)

0
0
0
R

I
I
I
I

Species

Notes
Under dead bark
Under dead bark
Under dead bark
Under dead bark & visiting
bleeding cankers
Under dead bark & visiting
bleeding cankers
Under dead bark
Under dead bark
Under dead bark
On bark of dead trees
Reared from dead branches
On foliage
On foliage
On bark of dead & declining
trees
Under dead bark
trees
On bark
Under dead
Under dead bark
Under dead bark
On bark of declining tree
Under dead bark
Under dead bark
Under dead bark
On foliage
On foliage
On foliage
On foliage

""

-l

I
m
G)

;;0

m

~
S;
7'\

m

(.n

m

Z
-l
0

S

0

5G)
u;

-l

~
w
Z
9

""

Notodontidae
Pyralidae
Tortricidae
DIPTERA
Lonchaeidae
Syrphldae
Tephritidae
HYMENOPTERA
Braconidae
Formicidae
Ichneumonidae
Sphecidae
Tentbredinidae

Datana ministra (Drury)
Schizura concinna (J.E. Smith)
Acrobasis demotella Grote
Acrobasis juglandis (Le Baron)
Gretchena bolliana Sling.

0
R
C
C
0

Lonchaea sp.
Lejota aerea (Loew)
Rhagoletis suavis (Loew)

0
0

Cenocoelius ashmeadii Dalla Torre
Ipobracon sp.
Camponotus pennsylvanicus (DeGeer)
Dolichomitus pterelas (Say)
Pison (rigidum Smith
Macrophya sp.

I
I
I
I

I

On foliage
On foliage
Mining buds & shoots
Mining buds & shoots
On foliage & buds

C

A
A
A,I

Reared from dead branches
Reared from dead branches
Reared from nut husks

R
0
C
R
R
R

A
A
A,I
A
A
L

On bark of dead trees
On bark of declining trees
In decaying wood
Reared from dead branches
Reared from dead branches
On foliage

'<l
'<l

(I)

-I

:::c
m
Q
7'3

m

~

);:
A

m
m
Z

<t>

0
~
r

0

Q

~

ow
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Table 3. Coleoptera that were used for isolation attempts for SiroccocuB clavigignenti-juglandacearum. The insects were collected ei
ther on the outer bark, at bleeding cankers, or under the bark of canker killed trees. Insects under the bark were either found in di
rect contact with hyphal pegs or were collected in locations that did not have hyphal pegs.

Family
Cerarnbycidae
Gaurotes cyanipennis
Cyrtophorus verrucosus
Cucujidae
Brontes dubius
Cucujus clavipes
Curculionidae
Cossonus platalae
Eubulus parochus
Eubulus parochus
Laemophloeidae
Laemophlaeus biguttatus
Laemophlaeus fasciatus
Laemophlaeus testareus
Monotomidae
Bactridium sp.
Nitidulidae
Glischrochilus confluentus
Glischrochilus quadrisignatus
Glischrochilus quadrisignatus

On outer
bark

At
bleeding
cankers

Onder
bark
hypha!
pegs
present

Under
bark
nohyphal

X
X

Isolation
attempted
# of
insects
2

1
X
X

3

X

33

2

Isolation
success
Negative
Negative
Negative
Negative

-;
I
m
G)
)'0

m

~
);
A

m

U>

m

X

2

36

X
X
X
X

20

Positive
Positive
Positive

X

1

Positive

1
15

Negative
Positive
Negative

9

13

X
X
X

Negative
Positive
Negative

2

Z

-;

o

6

8~
Q:
w

z
P

tV
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a long period of time. Sirococcus clauigignenti-juglandacearum formed hy
phal pegs under bark that was still tightly adhered to the wood and therefore
C. platalae adults were not found in association with hyphal pegs or conidia.
In our study, a positive isolation was not obtained from any of the 33 C.
platalae adults tested (Table 3).
Acoptus suturalis was another weevil that was commonly observed, as an
adult, on the outer bark of dead and declining trees, and Cimberis sp. were
small weevils that were occasionally collected, though always in close associ
ation with hyphal pegs. No fungal isolation attempts were made on these
species.
Cerambycidae were very abundant in this study with 12 species identi
fied and 8 species being considered .common (Table 2). Halik and Bergdahl
(1996) isolated S. clauigignenti-juglandacearum from adult Amniscus macula
which were commonly reared from dead branches in our survey. We did not
attempt fungal isolations from this cerambycid. Limited isolation attempts
were negative from two adult Gaurotes cyanipennis, which was very com
mon, and one adult Cyrtophorus uerrucosus (Table 3). These adults were col
lected on the outer bark of heavily infected butternut trees. Cerambycidae
collected in this survey used butternut as a larval host and therefore, they
developed and pupated under the bark However, none of the larvae were ob
served in direct association with S. clauigignenti-juglandacearum hyphal
pegs or conidia. Limited isolation attempts were negative for 4 cerambycid
larvae collected under the bark of a dead butternut branch with cankers.
Seven species of Scolytidae and one species of Anobiidae were collected.
The only commonly encountered species were Monarthrum mali (Scolytidae)
an ambrosia beetle, and Ptilinus thoracicus (Anobiidae) a powderpost beetle.
The only scolytid that was observed developing galleries under the bark was
Xyleborus sayi. The other species were either collected via sticky bands on
the outer bark or on the foliage.
A number of other beetle species were consistently collected under the
bark of dead and dying butternut trees. Many of these were found in close as
sociation with the hyphal pegs and conidia of S. clavigignenti-juglan
dacearum. These included Laemophlaeus biguttatus, L. fasciatus and L.
testareus (Laemophilidae). Laemophlaeus biguttatus has previously been re
ported feeding on the conidia of a Hypoxylon sp. fungus on oak (Lawrence
1977). In our study, pure cultures of S. clavigignenti-juglandacearum were
isolated from the bodies of all three Laemophlaeus species. The fungus was
also isolated from a single specimen of Bactridium sp. (Monotomidae). This
species was commonly collected in association with hyphal pegs. Hololepta
fossularis and Platysoma sp. (Histeridae), Phalacrus politus (Phalacridae)
and several species of Staphylinidae were also collected in association with
the hyphal pegs of S. clavigignenti-juglandacearum, however, isolations were
not attempted.
Nitidulids have been implicated in vectoring Ceratocystis fagacearum,
the fungus responsible for the oak wilt disease (Dorsey and Leach 1956). In
our survey, several nitidulid species were commonly found in association
with fungal pegs under the bark of dead and declining butternut trees (Table
2). Isolations of S. clauigignenti-juglandacearum were attempted on two of
the most commonly encountered species, Glischrochilus confluentus and G.
quadrisignatus. A positive isolation was obtained from 15 G. quadrisagnatus
adults collected under bark where no hyphal pegs were observed. Negative
isolations were obtained from two adults that were collected while appar
ently feeding at "bleeding" cankers. The single isolation attempt from a G.
confluentus adult collected under bark was negative.
Buprestidae were not commonly encountered during our 2-year survey.
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Agrilusjuglandis adults were reared from bark of live and dead butternut but
were never abundant. Agrilus juglandis larval galleries were located in the
outer bark and did not penetrate to the phloem where the fungus sJ?Orulated.
Brontes dubius and Cucujes claviceps (Cucujidae) were occaslOnally col
lected under the bark of dead butternut. Attempts to isolate S. clavigignenti
juglandacearum from these two species were negative, though only five spec
imens were sampled.
Enoclerus nigripes nigripes and Zenodosus sanguineus (Cleridae) were oc
casionally collected on the outer bark of recently dead and declining trees.
Both of these clerids are predators that would have developed as larvae and
pupated under bark, though not necessarily under the bark of butternut trees.
Paria quadriguttata, a chrysomelid leaf beetle, was collected occasionally
under bark flaps, though it was not observed in direct contact with hyphal
pegs. This species was not observed feeding on butternut leaves during this
study.
The larvae of two Diptera species, Lonchae sp. (Lonchaeidae) and Lejota
aerea (Syrphidae) were occasionally collected under the bark of dead butter
nut trees. They were not observed however, in close association with hyphal
pegs of S. clavigignenti-juglandacearum.
Carpenter ants, Camponotus pennsylvanicus (Formicidae) were common
anywhere wood decay had begun. Four Hymenopteran parasites were col
lected. Cenocoelis ashmeadii (Braconidae) and Dolichomitus pterelas Uchneu
monidae) were reared from dead branch materiaL lpobracon sp. (Braconidae)
and Pison frigidum (Sphecidae) were collected flying around and landing on
the bark of recently dead and declining trees.
Insects found associated with twigs, foliage and reproductive
structures. Only one Coleoptera species, Conotrachelus juglandis (Cur
culionidae), was commonly observed in the upper parts of tree crowns. Cono
trachelus juglandis larvae tunneled into twigs in the upper crowns of trees
and adults were collected on foliage by sweeping or shaking branches over a
sheet. Conotrachelus juglandis create open-wounds on branches and twigs in
the crowns of trees that could serve as entry points for fungal spores, how
ever, it is not clear how they might acquire conidia of S. clavigignenti-juglan
dacearum.
Seven species of Homoptera were collected on small branches, twigs and
foliage. Only two however, were commonly encountered, Parthenolecanium
corni (Coccidae) and Metcalfa pruinosa (Flatidae). Parthenolecanium corni
were very abundant in 1995, but no association between newly formed
cankers and the location of scales was obvious. Metcalfa pruinosa were ob
served feeding on butternut twigs. Clastoptera obtusa (Cercopidae) was only
collected as adults. No spittle masses were observed.
Both adult and immature Corythuca juglandis (Hemiptera) were com
monly collected on foliage. Three thrip species (Thysanoptera) were collected
on leaves though there was no evidence of feeding or oviposition. Leaf feeding
Lepidoptera were not commonly collected. Several small Noctuidae and
Geometridae larvae were collected but could not be identified further. The
most common Lepidoptera were shoot and bud miners, Acrobasis demotella
and A. juglandis (Pyralidae), and Gretchena bolliana (Tortricidae). Acrobasis
demotella and A. juglandis are common on black walnut, Juglans nigra, in
the Lake States (Martinat and Wallner, 1980). One sawfly (Hymenoptera:
Tenthredinidae) Macrophya sp., was found feeding on foliage, but only two
individuals were observed.
Larvae of Rhagoletis suavis (Diptera: Tephritidae) were commonly en
countered infesting the husks of nuts that had dropped to the ground.
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SUMMARY

Leach (1940) stated that in order for an insect to be an effective vector it
must be consistently associated with diseased plants in a way that is con
ducive to contamination with the pathogen and it must visit healthy plants
under conditions suitable for transmission of the pathogen. This survey
found a number of insect species that occur in close association with hyphal
pegs or conidia of S. clavigignenti-juglandacearum as well as a number of
species that occur under the bark of diseased butternut. Any of these species
may become contaminated with S. clavigignenti-juglandacearum. However,
it is still unclear if any of these insects would then visit healthy butternut
trees and serve as efficient vectors.
The nitidulid species are one group that we found, at times, in close asso
ciation with the fungus that would likely visit fresh wounds on butternut
trees. A number of other Coleoptera species do spend time under the bark of
dead and declining trees and therefore could contact S. clavigignenti-juglan
dacearum. Several of these insects are very mobile and may visit healthy
butternut trees to feed as adults on twigs, including many of the Cerambyci
dae. Three species of Laemophlaeus were regularly found in association with
hyphal pegs of S. clavigignenti-juglandacearum and all three species had
positive fungal isolations obtained from individuals. These three species
would be potential vectors if they could be found visiting healthy trees. Eu
bulus parochus, because of its abundance on recently killed and declining
trees and because it does spend part of its life cycle under bark, is another
potential vector.
Efforts are underway in the United States and Canada to conserve but
ternut and to restore this species to areas where it was once more common
than today in order to maintain diversity in the eastern North American
forests. There is some evidence that resistance to the canker does exist, but
at this time there are no known resistant butternut selections available for
planting. There is a need to more fully understand the potential risk of in
sects in reintroducing the pathogen into potential planting areas, stands
where butternut can be regenerated, or into areas where healthy butternut
trees still exist. In addition, insects may have the potential to introduce this
fungus into plantations of other susceptible Juglans species.
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NEW WISCONSIN RECORDS FOR A HEMILEUCA
(LEPIDOPTERA: SATURNIIDAEj USING MENYANTHES TRIFOLIATA
(SOLAN ALES: MENYANTHACEAE) AND BETULA PUMILA (BETULACEAE)
James J. Kruse 1

ABSTRACT
A popUlation of Hemileuca maia species complex was observed feeding on
Menyanthes trifoliata and Betula pumila. This confirms the presence of a
second population of these moths using M. trifoliata in Wisconsin, and is only
the fourth known locality for such populations. This is the first report of
Hemileuca feeding on B. pumila in Wisconsin. The Hemileuca populations of
the Great Lakes region are discussed, and the first map of the distribution of
Hemileuca in Wisconsin is provided.

The Hemileuca maia (Drury) species complex in the Great Lakes region
consists of two species, H. maia and H. nevadensis (Stretch). Both are consid
ered good species, but are recognized by sparse or unreliable morphological
and inconsistent ecological criteria (Ferguson 1971, Covell 1984, Scholtens &
Wagner 1994, Legge et aL 1996, Tuskes et al. 1996). In the Great Lakes region,
these species come together to produce a confusing array of morphological, eco
logical, and behavioral traits. In addition, Great Lakes populations have not
yet been differentiated using molecular techniques (Legge et al. 1996).
Hemileuca in the Great Lakes region that demonstrate unique food plant
associations are considered important for two reasons. First, these popula
tions may contain an unnamed sibling species (Tuskes et al. 1996), or are
otherwise phylogenetically distinct and therefore have conservation potential
(Legge et al' 1996). Second, allopatric and parapatric juxtaposition of these
populations with each other and with nominate H. nevadensis and H. maia,
coupled with the recent glaciation of the region, pose several challenging op
portunities for studies in biogeography, gene flow, and evolution. With these
prospects in mind, a survey of known and potential Hemileuca sites was un
dertaken in order to confirm previously known populations and to discover
new populations in Wisconsin, a state previously not included in recent
Great Lakes Hemileuca complex research projects.
MATERIALS AND METHODS
To identify known populations of Hemileuca in Wisconsin, specimens and
collection records were examined at the University of Wisconsin Insect Re

lDepartment of Entomology, University of Wisconsin. Current address: Division of
Insect Biology, University of California, Berkeley, CA 94720. E-mail:
kruse@nature.berkeley.edu.
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search Collection, the Wisconsin Entomological Society (WES), and personal
collections. Known Wisconsin localities (Dane, Douglas, Jackson, Jefferson,
Juneau, Marquette, Monroe, Ozaukee, and Portage counties) and suspected
localities (Forest, Lincoln, and Marinette counties) were surveyed for
Hemileuca during 1995 for adults, and/or in spring 1996 for larvae. Localities
that were suspected of supporting Hemileuca populations contained vast
acreage of suitable upland willow (Salix), wetland willow, or swamp birch
(Betula pumila L.) wetlands.
RESULTS
On 9 June 1996, a population of H. maia species complex was discovered
feeding on B. pumila and the aquatic herb Menyanthes trifoliata (L.) at a
small, privately owned bog in Northwestern Marquette Co., Wisconsin.
Greater than 100 larval clusters were concentrated at the southern edge of
the bog. The majority of larvae were in the first instar, and were feeding in
equal proportions on M. trifoliata and B. pumila. This is only the fourth lo
cality for Hemileuca known to feed on M. trifoliata. The only other popula
tion known in Wisconsin is found at Cedarburg Bog, Ozaukee Co. (Season
Summary 1991). Additional populations feeding on M. trifoliata are previ
ously known from Ottawa, Ontario and the southeast shore of Lake Ontario
in New York (Season Summary 1985, Legge et al. 1996, Tuskes et al. 1996).
Populations feeding on B. pumila are previously known from Northwestern
New Jersey, Michigan, and Ottawa, Ontario (Season Summary 1985,
Scholtens & Wagner 1994, Tuskes et al. 1996). This is the first report of
Hemileuca feeding on B. pumila in Wisconsin.
Three larval clusters were collected from the Marquette Co. site. Larvae
were easily transferred from M. trifoliata to Salix exigua (Nutt.) and reared
to adulthood. Voucher specimens have been deposited in the University of
Wisconsin Insect Research Collection, with additional specimens retained in
the author's collection.
The presence of Hemileuca populations was confirmed in Douglas and
Marquette counties during the survey period, and populations in Juneau,
Monroe, Ozaukee, Portage, and Washburn counties have been confirmed
within the last five years according to WES records and personal collection
data. No previous records of Hemileuca exist, nor was any evidence of
Hemileuca populations found in Forest, Lincoln, and Marinette counties, de
spite extensive tracts of apparently suitable habitat.
DISCUSSION
Reticulation events and genetic introgression between Hemileuca species
in the Great Lakes region may be a source of confounding phylogenetic char
acters (Tuskes et al. 1996). Evidence of intermediacy that is attributable to
hybridization already exists in the literature for these moths. For example,
Legge et al. (1996) found that an Ohio population fed equivalently on oak
(Quercus) and willow (Salix). Scholtens & Wagner (1997) found that much of
Michigan is a clinal zone between H. maia in Ohio and Great Lakes popula
tions to the north. Further study may reveal a hybrid zone through signifi
cant portions of the entire Great Lakes region.
A variety of observations, including food plant (Salix) and the association
with wetland habitats, are consistent with the inference that the Great
Lakes populations are derived from H. nevadensis (Tuskes et al. 1996). How
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ever, host plants and habitats are not distinctive and do not, as once thought,
serve to identify populations (Scholtens & Wagner 1997). Scholtens & Wag
ner (1994) found that populations in Michigan fed upon plants spanning the
entire range of all Northeastern Hemileuca species. Of particular interest,
food plants such as M. trifoliata and B. pumila used in the Great Lakes re
gion are unique to all recognized members of the H. maia species group.
The uniqueness of M. trifoliata as a food plant of some Hemileuca popu
lations was reported by Legge et al. (1996) as an ecologically significant dif
ference between those populations that feed upon it during early larval de
velopment and those that do not. Only larvae adapted to M. trifoliata can
survive on that plant (Legge et al. 1996), yet populations that feed on M. tri
foliata have been found in the wild concurrently feeding on B. pumila, Spi
raea alba (Duroi), and Salix sp. in Ottawa (Season Summary 1985), Salix
candida (Fluegge) in Ozaukee County, WI (L. Ferge, pers. comm.), and B.
pumila in Marquette County, WI, even in the early instars. The ability of a
Great Lakes population to feed on an introduced weed, purple loosestrife
(Lythrum salicaria L.) in Jefferson Co., WI (R. Henderson, pers. comm.),
demonstrates an adaptive ability or plasticity of Great Lakes Hemileuca, and
ultimately of the com ex. Indeed, Hemileuca must have been able to take
advantage of novel
. g opportunities to survive and spread into inter
glacial and the post-glacial Great Lakes region.
Most Wisconsin populations are clustered in the lake bed of old Glacial
Lake Wisconsin near the center of the state (Fig. 1.). Wetland drainage by
humans has probably caused further population contraction in most popu
lations over the last 200 years. Conservation of this group would best be re
alized by more widespread and general wetland preservation efforts. Pro
tecting peatlands as well as other wetlands where Great Lakes Hemileuca
occur would help conserve not only the environmental systems, but the evo
lutionary processes that are likely to generate future evolutionary diver
sity.
ACKNOWLEDGMENTS
Field work and rearing was supported by a McIntire-Stennis grant to K.
Raffa, the Wisconsin Department of Natural Resources, the University of
Wisconsin College of Agricultural and Life Sciences, and a grant from the
California Agriculture Experiment Station to F. Sperling. The author was
supported by an NSF-PEET grant to F. Sperling and J. Powell during prepa
ration of this paper. L. Ferge, Wisconsin Entomological Society, S. Krauth,
University of Wisconsin Insect Research Collection, and T. Rocheleau con
tributed data and allowed examination of specimens. I thank D. Owen for
permission to investigate her sightings of adult Hemileuca in NW Marquette
County in the fall of 1995. I thank K. Katovich for a copy of the Wisconsin
map template that he constructed, and M.C. Nielsen, B. Scholtens and
F.A.H. Sperling for reviewing a draft of the manuscript.
LITERATURE CITED
Covell, C.v. 1984. A Field Guide to the Moths of Eastern North America. Houghton
Mifflin, Boston.
Ferguson, D.C. 1971. Fasc. 20.2A, Bombycoidea (in part). In: Dominick, RB. et al. eds.
The Moths of North America North of Mexico, Fasc. 20.2A, Bombycoidea (in part).
Classey, London.

z?'

112

THE GREAT LAKES ENTOMOLOGIST

Vol. 31, No.2

Figure 1. Distribution of Hemileuca in Wisconsin. Circles denote counties
containing Hemileuca populations, squares denote Hemileuca populations
that are known to feed on Menyanthes trifoliata.
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THE INHERITANCE OF DIAGNOSTIC LARVAL TRAITS FOR
INTERSPECIFIC HYBRIDS OF PAPILIO CANADENSIS AND P. GLAUCUS
(LEPIDOPTERA: PAPIUONIDAE)
1. Mark Scriberl
ABSTRACT
Traits distinguishing the closely related tiger swallowtail butterfly
species, Papilio canadensis and P. glaucus, include fixed differences in diag
nostic sex-linked and autosomal allozymes as well as sex-linked diapause
regulation, and sex-linked differences in oviposition behavior. Larval detoxi
fication abilities for plants of the Salicaceae and Magnoliaceae families are
dramatically different and basically diagnostic as well. The distinguisbing
morphological traits of the adults and larvae have not been genetically char
acterized. Here we describe the segregation of diagnostic larval banding
traits in offspring from the 2 species in their hybrid and reciprocal backcross
combinations. Elucidation of genetic basis, and linkage relationships of a
suite of distinguishing biochemical, physiological, morphological, and ecologi
cal traits with regard to their geographic concordance across the hybrid zone
is fundamental to understanding the pattern and process of speciation.

Papilio canadensis Rothschild & Jordan has recently been recognized as
a distinct species, not a subspecies of P. glaucus L. (Hagen et al. 1991).
Among the morphological characteristics which are diagnostic for these two
tiger swallowtail butterfly species are neonate (first instar) larval banding
patterns. In very young larvae of P. glaucus there is a single central white
band compared to three traverse white bands on the dorsal side of P.
canadensis caterpillars (Hagen et al. 1991; Fig. 1). The purpose of this study
is to determine how these diagnostic larval traits are inherited and affected
by interspecific hybridization, such as occurs in the Great Lakes ecotone or
hybrid zone (Scriber 1996).
Other diagnostic traits distinguish that these two species include bio
chemical, physiological, behavioral, and ecological differences. Host plant
detoxification abilities are very different for P. canadensis and P. glaucus.
Neonate larvae of P. canadensis are essentially not able to survive the instar
when fed tulip tree, Liriodendron tulipifera (which is the favorite host of P.
glaucus; Scriber 1982, 1988). The chemical basis of toxicity of another Mag
noliaceae species to P. canadensis has recently been elucidated for sweetbay,
Magnolia virginiana (Nitao et al. 1991, 1992). However, the chemical basis of
the toxicity of tulip tree and other Magnoliaceae remains undetermined, al
though numerous biochemical candidates are known (see Scriber et al. 1987,
Scriber, Lederhouse, Hagen 1991).
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Figure 1. First instar P. glaucus (single white band), P. canadensis (3 white
bands) (see also enlargements in Hagen et al. 1991).

Conversely, neonate larvae of P. glaucus are unable to survive the first
instar when fed quaking aspen, Populus tremuloides, which is the favorite
host of P. canadensis (Scriber 1982, 1988). The chemical basis of this toxicity
has been described (Lindroth et al. 1988a, b). The detoxification ability is ge
netically based and appears to be related to the capability of P. canadensis to
maintain high esterase activities (Lindroth 1989, Scriber et al. 1989). Hy
brids of P. glaucus and P. canadensis can survive on both tulip tree of the
Magnoliaceae and quaking aspen of the Salicaceae (Scriber 1982, 1987). Fur
thermore, it appears that this ability to detoxify tulip tree and aspen is in
herited autosomally since the male and female offspring of reciprocal pair
ings do not differ in survival (Scriber 1986). Additional studies of the
inheritance of the aspen phenolic glycoside detoxification abilities in 1<\ hy
brids and backcrosses revealed a strong correlation of survival and growth
rate with the level of esterase activity (Scriber et al. 1989, Scriber, Dowell,
and Lederhouse, 1995). Such detoxification of phenolic glycosides by esterase
activity was shown to be involved for the western tiger swallowtail, P. rutll
Ius, as well (Scriber, Lindroth, Nitao 1991).
Oviposition preferences of P. glaucus strongly favor tulip tree in a 3
choice study including the toxic quaking aspen and the mutually suitable
host black cherry, Prunus serotina (Scriber, Giebink, and Snider 1991). This
same study showed that P. canadensis has an entirely different 3-choice pref
erence profile, showing the highest quaking aspen oviposition preference of
any Papilia tested (see also Scriber 1991, 1992). This oviposition preference
for tulip tree of P. glaucus, and the aspen preference profile for P. canadensis
has recently been shown to be inherited as a sex-linked trait on the X-chro
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mosome, where oviposition patterns of hybrid daughters resemble their pa
ternal host species choice (Scriber 1994).
Other important traits have been mapped to the X-chromosome in the
tiger swallowtail butterflies, P. glaucus and P. canadensis (Hagen and
Scriber 1989), including: diapause regulation (Rocket et al. 1987), Y-linked
mimetic dark-colored female trait suppressors (Scriber, Hagen, and Leder
house 1996), and 5 electrophoretic allozymes, 2 of which are diagnostic for
the species (Hagen and Scriber 1989, Scriber 1994). Neither the white band
ing patterns on young larvae nor the SalicaceaelMagnoliaceae detoxification
abilities (which are basically diagnostic for the two species) are X-linked,
however their mode of inheritance and their possible genetic linkage with
each other was the reason for this study.
METHODS
Larvae of field-collected females were reared on black cherry, Prunus
seratina, to pupation in 150 mm diameter x 25 mm height plastic petri dishes
under controlled-environment conditions of 16:8 photo/scotophase, with a
corresponding thermoperiod of 23.5/19.5"C. Foodplant leaves were kept
turgid by use of water-filled aquapics, and changed each 2-3 days, or as
needed. Pupae were individually weighed and placed in 14 cm diameter
screen cages until adult emergence.
Hand-pairings of lab-reared virgin female butterflies to field-collected or
lab-reared males were made, and females were subsequently set up in clear
plastic boxes (12 cm x 20 cm x 30 cm) heated by a 100 W incandescent light
bulb placed approximately 0.5 m from the boxes. Eggs of the F hybrids were
removed daily and upon eclosion, the neonates were distributed to individual
petri dishes using a camel hair brush for larval rearing on black cherry. The
Fl hybrids were reared to pupation and paired to produce the F2 hybrids for
tliis study.
There were three F, pairings (#272, 279 and 288) and 15 P. canadensis
backcross pairings (see table 5) that produced sufficient eggs and larvae for
this study. The F2 hybrid brood #272 was the result of a pairing of an F.l hy
brid female (derived from a Dane Co. WI dark mother P. glaucus x a !1eld
captured P. canadensis male from Marinette Co. WI) mated to an F 1 hybrid
male which was a sibling. The F:4. brood #279 was the result of pairing two
non-sibling hybrids, with the F 1 temale (derived from a Dane Co. WI dark
morph mother paired with a P. canadensis male from Marinette Co. WI)
mated with an Fl hybrid male (derived from a yellow morph P. glaucus
mother from Schuylkill Co. PA mated with a field-captured male from
Sawyer Co. WI). The third F2 family (#288) was the result of a sibling pairing
of a F 1 hybrid female with her brother, both from a Dane Co. WI dark morph
P. glaucus paired with a Marinette Co. WI P. canadensis male.
Upon hatching, the neonate larvae were scored for the larval banding
pattern in one of 3 categories: the "canadensis" phenotype with 3 distinct
bands, the "glaucus" phenotype with a single central band, and the "hybrid"
phenotype with the distinctive central band and two additional faint bands
anteriorly and posteriorly. These three phenotypes were immediately upon
eclosion of neonates apportioned as evenly and carefully as possible across
the three food plants (cherry, aspen, tulip tree) in individual larval rearing
petri dishes. Food was changed daily and larval survival was monitored daily
throughout the entire 1st instar (about 5-7 days).
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RESULTS
The proportion of neonate larval banding phenotypes from the grand to
tals of the three F broods were: 98 (26%) P. canadensis "type" with three dis
tinct bands; 226 (60%) "hybrid" (1 distinct and 2 faint bands); and 54 (14%)
P. glaucus "type" with a single central white band (Table 1). The segregation
of 3 larval phenotypes was not significantly different than expected in a
(1:2:1) segregation (Chi-square=p<.Ol) supporting a quantitative inheritance
model. This is supported by the equal segregation of larval phenotypes in the
15 backcross broods (Table 2).
The overall neonate (1st instar) survival across all three families was
78% of 102 larvae on tulip tree, 87% of 136 larvae on black cherry and only
13% of 140 larvae on quaking aspen (Table 2). The black cherry leaves are
generally known to be mutually suitable for both P. canadensis and P. glau
cus. The 87% survival on black cherry in this study is basically the expected
level of survival we have seen for several thousand other families of these
two species over the 20 years that we have reared them (Scriber, Lederhouse,
and Dowell 1995). We rarely see 100% survival even when rearing condi
tions, hostplant quality, and larval vigor all seem ideal.
It is clear that the low level of survival on quaking aspen is consistent
for each of the three families and is consistently low for everyone of the lar
val banding types (including the 3 banded, P. canadensis "type" which
showed only 5% survival; Table 3). It is not clear why aspen detoxication
abilities appear poorer than tulip tree detoxication in these 3 and another 9
F2 hybrid broods (Table 3), especially since reciprocal primary hybrid crosses
do not exhibit sex-linkage in the inheritance (Table 4).

DISCUSSION
The segregation of larval banding phenotypes into three categories
("canadensis", "hybrid", "glaucus" types), is consistent with a 1:2:1 ratio (Chi-

Table 1. The egg and neonate production of 3 different F2 hybrid broods derived from
(P. glaucus female x P. canadensis male) Fl hybrid parents.
Larval Phenotype
(banding-type)*
F2 hybrid
book #

Total
eggs

Infertile
eggs

Total
larvae

canadensis "hybrid"
n
n

glaucus
n

(n)

(n)

(n)

(%)

(%)

(%)

272

410

99

217

84
(38.7)

112
(51.6)

21
(9.7)

279

53

1

52

9
(17.3)

33
(63.5)

10
(19.2)

288

150

4

109

5
(4.6)

81
(74.3)

23
(21.1)

613

104

378

98
(25.9)

226
(59.8)

54
(14.3)

Totals (%)

* On the total (n==378) 1:2:1 ratio; Chi-square == 25.0 (p <0.01).
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Table 2. Neonate survival of canadensis first instar larvae backcrosses in re
lation to the larval banding phenotypes (East Lansing, MI, 1996).
Backcross and larval banding type

Survival on TT
tulip tree (TTl

(P.c. X P.g.) X P.c.
(n=14 different broods)

Total survivors/initial

-type banding
Fl hybrid-type banding

1211258 = 46.9%
1111256 = 43.4%

l;ana,l,en!SlS

Chi-square = 2.754
.1O<p<0.5
(P.g. XP.c.) X P.c.
(n = 1 brood)

canadensis-type banding
Fl hybrid-type banding

26/68 = 38.2%
28/51 = 54.9%
Chi-square = 1.370
.25 < P < .10

The first 14 broods Wc. X P.g.) X P.c. were:
12207, 12208, 12252, 12253, 12254, 12255, 12256, 12257, 12259, 12260, 12262, 12263,
122351, 122352, and the single reciprocal cross (Eg. X P.c.) X c was 12251. Chi-square
values for the expected 50% (equal) survival of banding types are not significant
(.10 < p < 0.5 and .25 < P 0.10 respectively for the 1st and 2nd backcrossesl.

Table 3. Classification of three larval banding phenotypes segregating from three (Pg
X Pc)2 F 2 hybrid broods, with associated survival on three host species.
Neonate (1st instar) Survival on:
Larval
phenotype

Female #

Tuliptree
surviving/initial
(%)

Black cherry
surviving/initial
(%)

(%)

15/26 = 57.7

20/24 83.3
212 100.0

2/34 = 5.9
0/6 = 0.0
0/1 = 0.0
2/41 4.9

P. canadensis
(Type 1)

272
279
288
Subtotals

111 = 100.0
4/4 100.0
20/31 = 64.5

Fl hybrid
(Type II)

272
279
288
Subtotals

24/30 80.0
11115 = 73.3
11111 = 100.0
46/56:= 82.1

28/36 77.8
14/14 = 100.0

5/6 83.3
6/6 100.0
3/3 = 100.0
14/15 = 93.3

88.9
100.0
9/10 = 90.0
19/21 90.5

P.glaucus
(Type III)

272
279
288
Subtotals
Grand Totals
(by host)
Comparison of other F 2 host
survival studies l
(PgX PC)2
9 broods
(Pc XPg)2
5 broods
IScriber 1986 data.

80/102

22/26 = 84.6

35/39 = 89.7
77/89 = 86.5
8/9

2/2

Quaking aspen
surviving/initial

7/46:= 15.2
0/4 = 0.0
6/31 = 19.4
13/81 16.0
116:= 16.7
112 = 50.0
1110 = 10.0
3/18 = 16.7

78.4

1181136 = 86.8

181140

82/185 = 65.6
27/56 = 48.2

2161299 '" 72.2
46nO '" 65.7

21159 13.2
17/44 = 40.9

:=

12.9
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Table 4. Neonate survival through the 1st instar of reciprocal hybrids 2 on 3 food plant
species.
Food plant species l

Fl hybrid
female parent X male

QA

(n)

P.c.XP.g.
P.gXP.c.

68%
63%

(351)
(736)

Be

TT
78%
74%

(249)
(977)

68%
82%

(291)
(3201)

lQA = quaking aspen (Populus tremuloides), TT =: tulip tree (Liriodendron tulipfera),
and Be black cherry (Prunu8 serotina).
2Larvae from these reciprocal hybrid pairings are the result from 15 to 120 different
isofemale broods, respectively (Scriber, Lederhouse, Dowell 1995).

square == 25.0, p == 0.01). Part of the variation observed here might be due to
some incorrect category assignments of neonate larvae (especially between
the single distinct banded "glaucus" type and the central banded "hybrid"
type with 2 faint and 1 central bands). Other possibilities exist of course, in
cluding that of differential viability of the eggs or unhatched larvae possess
ing particular banding phenotypes. For example, 104 of the 613 eggs
oviposited by these 3 females were not fertilized or were infertile, and 131 of
the fertilized eggs produced inviable larvae which either died in the egg or in
the process of eclosion. This infertility and inviability of the F2 eggs may be
due to genetic incompatibilities (not unexpected in hybrid F2 crosses) or due
to maternal effects (e.g., differential nutrient provisioning) or due to depleted
or weakened sperm from the single mating these 3 female hybrids received.
The male hybrid parents were not fed honey-water and ionic supplements be
fore matings as we have done in other studies (Lederhouse et al. 1990). The
female hybrid parent could not really be mated to another male for restoring
fertility because of the primary purposes of these studies. Therefore it is pos
sible that some of the observed infertility and inviability was simply due to
depleted spermatophore contents (see Lederhouse and Scriber 1987).
It is also possible that the observed distribution of larval banding pat
terns is simply a reflection of a quantitative continuum from the "canaden
sis" type to the "glaucus" type. The "hybrid" type would simply reflect the
broad central mean of a normal distribution. Although attempts were made
to place the clear extremes into their appropriate categories (type 1 or type
3), the "hybrid" category may have contained subtle phenotypic variation.
It is known that Fl hybrids (such as the parent generation of these 3
broods) survive well on all 3 hostplant species (tulip tree kills nearly 100% of
pure P. canadensis, quaking aspen kills nearly 100% of P. glauCZls, and black
cherry is an excellent host for both species; Scriber 1988). For example, in
previously published studies (Scriber, Lederhouse, and Dowell 1995), the rec
iprocal hybrids perform with virtually identical survival percentages on
aspen (63% and 68%) and tulip tree (78% and 74%; see Table 4). In other
studies (Scriber 1986), larval survival of hybrid F l'S backcrossed to glaucus
on quaking aspen (QA) was intermediate between that seen in pure glaucus
and that for Fl hybrids, while larval survival of backcrosses to canadensis on
tulip tree (TT) was intermediate between pure canadensis and F l hybrids.
Survival on black cherry (Be) was uniformly high, 70-90%, for all backcross
types (Table 5). The neonate larval survival of backcrossed offspring on the 3
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Table 5. Neonate larval 1st instal' survival of reciprocal backcross pairings on 3 host
species.
Food
Backcross type
# of
(Female parent X male parent) broods
(20)
FI hybrid X P.c.
(1)
P.c. X FI hybrid
(24)
FI hybrid X P.g
(21)
P.g. X FI hybrid

QA

(n)

63%
100%
58%
26%

(330)
(16)
(281)
(341)

TT
18%
38%
87%
87%

(521)
(42)
(300)
(358)

Be
83% (748)
91% (65)
71% (1705
75% (815)

Larvae in these backcross pairings (hybrids were all P.g. X P.c) are the result of 66 dif
ferent female broods (Scriber 1986). The progressively poorer survival on QA with
backcrosses to Pg (compared to the Fl hybrids in Table 3) is likely due to dilution of
carboxylesterase detoxication enzymes (Scriber et al. 1989).

host species exhibit the expected declines on aspen for the glaucus back
crosses, and on tulip tree for the canadensis backcrosses (Table 5).
The independent trait assortment of larval banding types and host plant
(tulip tree) detoxication abilities seen in the F2 hybrids (Table 1) was again
observed with 15 different backcross broods (Table 2). In both types of recip
rocal backcrosses to P. canadensis males, the 2 larval banding types produced
in equal numbers and the survival percentages on tUlip tree were virtually
identical. This also supports the suggestion that tulip tree detoxication abili
ties may be of simpler inheritance (the result of fewer genetic loci) than is
the case for aspen detoxication abilities (Scriber 1986; Scriber et al. 1989).
When F 1 hybrids are backcrossed to the parental types, two primary lar
val banding phenotypes appear (the "hybrid" and the corresponding "pure
parental" type). In these F2 offspring the segregation of the different larval
banding phenotypes and the differential hostplant detoxification abilities on
tulip tree and quaking aspen seem clearly independent of each other (Table
3). These 3 F hybrid broods are, however, comprised of pairings of F 1 hybrid
parents whicfi are each P. glaucus female and P. canadensis male. It IS possi
ble that the reciprocal hybrids (i.e., P. canadensis female and P. glaucus
male) would give different results, however these were not available.
In summary, the larval banding phenotypes distinctively characterizing
P. canadensis and P. glaucus outside of the hybrid zone, appear to be inher
ited independently of the detoxification abilities of quaking aspen and tulip
tree, which are thought to be distinctive traits between the species, autoso
mally controlled by multiple loci. This lack of congruence in larval pheno
types, hostplant detoxification abilities, and distinctive (diagnostic) adult
wing traits, makes the precise geographic delineation of the natural zone of
hybrid introgression difficult to define (Luebke et al. 1988; Scriber 1996)
without other multiple trait analyses. The occurrence of numerous X-linked
trait differences between P. canadensis and P. glaucus (including diapause
regulation, wing color polymorphism regulation for females, oviposition pref
erences) and 5 allozymes which are X-linked (Ldh, Pgd, Acp, Tpi, and
P3Gdh), provides a unique and compelling opportunity to determine differ
ences in the patterns of enzyme and other trait concordance patterns at vari
ous locations in multiple transects across this long hybrid zone of different
widths. This type of analysis has not been done in any hybrid zone (Harrison
1993) and could be valuable for elucidating key evolutionary questions about
speciation patterns and processes that have thus far eluded researchers (Fu
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tuyma and Shapiro 1995; Bossart and Scriber 1995; Hagen and Scriber
1995).
We are already aware of a broader blending of P. canadensis traits with
P. glallcus traits across the eastern portions (NYIPA) of this hybrid zone.
With regard to allozymes for example, the sharp concordance in geographic
delineation of diagnostic alleles observed for LDH, PGD, and HK across the
hybrid zone in Wisconsin and Michigan (Scriber 1996) is not seen in the east,
where the allozyme clines are not concordant (Hagen 1990). Furthermore,
central New York populations of tiger swallowtail butterflies are not clearly
univoltine nor bivoltine (Scriber 1975; Hagen and Lederhouse 1985). The
hind wing banding (morphometric) pattern is intermediate between P. glall
cus and P. canadensis (Scriber 1982; Luebke et al. 1988). We have also ob
served partial suppression of dark morph female color traits in hybrids with
New York Papilio males (Scriber et al. 1996). Results of this study imply that
the NY sire was heterozygous for the color suppressor/enable alleles. The X
linked color suppressor gene and the PGD (-140, canadensis type) alleles ap
parently segregated together in the yellow hybrid daughters, with the
dark/intermediate hybrid daughters having the PGD (100, glallclls type) alle
les. Scriber et al. (1996) point out that none of the other female color segre
gating broods thus far examined from the Great Lakes region had segregat
ing X-linked marker alleles as observed in this NY brood (#3770). These
results suggest introgression occurs at very different rates in these areas and
that independent hybrid zone transects evaluating a suite of traits (including
those that are autosomal such as these larval banding patterns) is the only
way to go if we really want to understand the "geographic mosaic" pattern
and process of speciation (Thompson 1994; Menken 1996).
Oviposition preferences for tulip trees or quaking aspen in these 2 Pa
pilio species are known to be X-linked (Scriber, Giebink, and Snider 1991;
Scriber 1994). However, segregation of this and other X-linked traits (includ
ing allozymes and obligate diapause) has been observed in Michigan popula
tions. It is again interesting that central New York has too few seasonal ther
mal unit accumulations to support 2 generations (Scriber and Lederhouse
1992), and that multivariate wing morphometrics (Leubke et al. 1988;
Scriber 1982, 1990) and eletrophoresis allozymes (Hagen 1990) lead us to be
lieve that these populations are composed primarily of P. canadensis types.
However, these populations favor oviposition in tulip tree (Scriber 1975) and
exhibit excellent abilities to detoxify and grow on this P glallCus host (Scriber
and Feeny 1979; Fig 2). These findings suggest more genetic introgression
for NY populations. Also noteworthy in this photograph is that the New York
larva feeding on tulip tree has the larval banding pattern diagnostic for Pa
pilio canadensis. While not examined for electrophoretic allozyme profiles,
this larva also apparently reflects the extensive genetic introgression of the
eastern hybrid zone. It also represents a potential natural field confirmation
of the independent segregation of physiological detoxication abilities and lar
val banding as well as in the laboratory hybridization studies presented
here.
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Figure 2. An early instar from a natural population of tulip tree-preferring
tiger swallowtail from Ithaca, New York (Tompkins Co.), The larval banding
of this individual, the wing patterns of adults in the area (Scriber 1982), the
univoltine (obligate diapause) life cycle and electrophoresis profiles of male
adults (Hagen 1990), suggest that the population is largely P. canadensis, in
spite of the oviposition and larval survival on tulip tree (Scriber 1975) and
the incomplete suppression of the dark (mimetic) trait in daughters of males
from this area (Scriber et aL 1996). More multiple trait clines across this cen
tral New York hybrid zone are warranted in future studies.
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the adults and rearing.
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DISCOVERY OF TWO MOTH SPECIES NEW TO MICHIGAN
(LEPIDOPTERA: NOCTUIDAE, TORTRICIDAE)
Keith S. Summerville l , 2

ABSTRACT

Rhizedra lutosa (Noctuidae) and Argyrotaenia cockerellana (Tortricidae),
are reported from Michigan for the first time, from remnant patches of mesic
lakeplain prairie in Sumpter Township, Wayne Co. Rhizedra lutosa is a
Eurasian species that is rapidly establishing populations across the United
States. Argyrotaenia cockerellana is primarily known from the western United
States, with eastern records from Nebraska and Ontario, Canada.

The Lepidoptera fauna of Michigan has been only moderately docu
mented. Exceptions to this are the superfamilies Papilionoidea and Hesperi
ioidea (butterflies and skippers). These groups tend to receive more attention
due to their showiness, diurnal activity, and relatively large size (Scott 1986).
Most moth species, however, are more difficult to identity, tend to be noctur
nal, and have a wider range in body size. Therefore, moths, in particular the
Ditrysia (micro-moths), have yet to receive adequate state-wide attention. Al
though the Michigan Lepidoptera Survey and the Michigan Natural Fea
tures Inventory are striving to catalog Michigan's Lepidoptera, novel aspects
of the state's fauna remain to be discovered and documented. This paper de
tails the discovery of two moth species new to Michigan: Rhizedra lutosa
(Hubner) (Noctuidae), and Argyrotaenia cockerellana (Kearfott) (Tortricidae).
I will examine the significance of each state record and demonstrate that the
discovery of each species holds different biological significance for Michigan's
fauna.
MATERIALS AND METHODS
Both state records were collected on 7 October 1997 during an insect sur
vey of mesic lakeplain prairie in Sumpter Township (Twp. 4S, Rge. BE, Sec
27) located in Wayne Co., Michigan. This survey was conducted as part of a
series of late-season moth surveys performed by the Michigan Chapter of
The Nature Conservancy (TNC) and the Michigan Natural Features Inven
tory (MNFI). Collecting was performed using mercury vapor light and black
light bulbs at sheet stations from 1930-0100 hr. The temperature remained
above 10°C for the duration of the collecting period. Two stations were used,
and each was placed in disjunct patches of mesic lakeplain prairie vegeta
tion.
1 The

Nature Conservancy, East Lansing, MI 48826.
Current Address: Institute of Environmental Sciences, Miami University, Oxford,
OH45056.
2
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Surveyed patches contained a heterogenous mix of lakeplain prairie
flora, and no attempt was made to quantify the vegetation. Dominant herba
ceous species were visually estimated to be Andropogon gerardii (Vitman),
Andropogon scoparius (Michaux), Pteridum aquilinum (L.), Liatris scariosa
(L.) Willd., Lupinus perennis (L.), and Baptisia tinctoria (L.) R. Br. Each
patch was moderately large in size, and was completely surrounded by woody
growth of Salix, Comus, and Quercus (shrubs and large trees). The soil in
each patch was fairly sandy. Across the broader landscape, the lakeplain
prairie community occurred within a matrix of agricultural and abandoned
land (see Comer et aI., 1995 for a more complete historic and floristic analy
sis of lakeplain prairies in Michigan).
Lepidoptera specimens were taken with ethyl acetate by David Cuthrell
of MNFI and myself. I collected both state record specimens and had all iden
tifications verified by recognized authorities in the field. Examples of more
common species are retained in my personal collection; however, both state
record vouchers have been deposited in the Insect Collection at Michigan
State University.
RESULTS AND DISCUSSION
The majority of my collection from Sumpter Township consisted of fairly
common species of fall Noctuidae, including Papaipema eupatorii (Lyman),
Papaipema unimoda (Smith), Catocala concumbens (Walker), Metaxaglaea
inulta (Grote), Agrotis ipsilon (Hufn.), and Eupsila tristigmata (Grote). Few
Geometridae were observed, with the exception of Ennomos magnaria (Gn.),
which was seen in numbers. Micro-moths were frequent visitors at our
sheets, with the most common species being Atteva punctella (Cramer)
[Yponmeutidae] and an unidentified Sparganothis sp. [Tortricidael. All these
species can be found in a variety of habitat contexts, including disturbed land
and mid-seral communities. In addition to these common moths, however, I
also collected one female Rhizedra lutosa and one female Argyrotaenia cock
erellana.
Rhizedra lutosa is a Noctuid moth of Eurasian origin, first documented
in North America by McCabe and Schweitzer from collections in 1988-9 (Mc
Cabe and Schweitzer 1991). These authors collected this species from New
Jersey salt marshes near the Delaware Bay area. Dates of R. lutosa collec
tion reported by McCabe and Schweitzer ranged from 30 September to 4 No
vember. Subsequent to this discovery, R. lutosa has appeared in New York
and Ohio (Mikkola and LaFontaine 1994; Metzler, pers. comm.). Thus, the
discovery of this species in Michigan represents a further range extension for
this introduced species.
Rhizedra lutosa is a moderate sized, whitish-ochreous colored moth that
is known to feed in the stem base and rhizomes of Phragmites australis
(Cav.) Steudel., the common reed (Skinner 1984). Feeding damage appears as
a blanching of the host plants leaves (McCabe and Schweitzer 1991). This
species is known to overwinter in the egg stage (Skinner 1984). McCabe and
Schweitzer (1991) provide genitalic and habitus plates, contrasting R. lutosa
to Ommatostola lintneri (Grote), with which R. lutosa may be confused.
Rhizedra lutosa typically feeds within dense reed beds and it has been col
lected at night resting on the stems of reeds and grasses. It has been de
scribed as a very vagi Ie species by Skinner (1984). Thus, this moth may be
collected at some distance from its seasonal breeding sites. Such dispersal ca
pacity also suggests that colonization of new patches of the host plant will be
rapid, and that this species should swiftly establish populations wherever
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Phragmites australis is abundant. Indeed, collectors in western Michigan, In
diana, and Wisconsin should anticipate finding this species in the near fu
ture.
Argyrotaenia cockerellana is a small tortricid moth first described by
Kearfott in 1907 from specimens collected in Colorado and New Mexico. Pow
ell (1964) revised this species' taxonomy, and extended its range throughout
most of the western arid states. Single records for A cockerellana exist for
Nebraska and Ontario, Canada (Powell 1964). This moth is characterized by
pale orange forewings interrupted by white spots and some darker shadings.
The hindwing and the underside of both wings are white, with a white fringe
(Kearfott, 1907; keys, genitalic figures and habitus plates in Powell, 1964).
This species was collected in numbers by Dodge (1957) on several Juniperus
species, and Powell (1964) asserts that A cockerellana is a cedar-associate,
with a potentially convergent resemblance to other Juniperus-feeding Tortri
cids, Argyrotaenia paiuteana (Powell) and Chonstoneura houstonana (Grote).
Aside from these reports, little else has been reported on the biology or ecol
ogy of this species.
The discovery of each of these species in Michigan has different implica
within the state. Rhizedra lutosa is
tions for the biodiversity of Lepid
an exotic species; recently in
to the United States and rapidly
spreading westward. The presence of non-native species in ecosystems has
been linked to various ecological threats, including the disruption of natural
functional dynamics, the extirpation of native biota from historic ranges, and
the homogenization of global biodiversity (Price1997, Samways 1995). Of
these three threats, I suggest that, in the absence of other information, the
latter is the most serious implication for R. lutosa. Mikkola et al. (1991) com
piled a list of 95 species of Holarctic Noctuidae, noting that 26 species should
be considered exotic introductions resulting from human activity. If nearly a
full 30% of Holarctic Noctuidae are non-native to our region, the distinctive
ness and uniqueness of our biota have been seriously compromised. Other ex
amples of introduced Lepidoptera species becoming established in Michigan
abound (e.g., Thymelicuslineola (Ochs.) [Lepidoptera: Hesperiidael; Ostnnia
nubilalis (Hubner) [Lepidoptera: Crambidae1. Although the tangible conse
quences of spreading flora and fauna into habitats where they did not evolve
are difficult to quantify, I would suggest that speaking of North American
Noctuidae or Michigan Lepidoptera is becoming less meaningful. Rhizedra
Zutosa may have a negligible negative impact on ecosystems in the United
States, but its persistence within native systems suggests that the distinc
tiveness of North American fauna is becoming increasingly blurred. It should
be noted, however, that R. lutosa's apparent dietary restriction to Phragmites
may represent a blessing for land managers. Phragmites australis tends to
be an aggressive colonizer of wetland communities, and it would be interest
ing to determine if R. lutosa has the potential to regulate or control the
spread of this plant in the United States.
In contrast to the implications of discovering an introduced species in
Michigan, the discovery of Argyrotaenia cockerellana in Michigan is a signifi
cant documentation of the range of this species. This moth, which, from Pow
ell's (1964) accounts, appears to be relatively common in the western United
States, is rare east of the Mississippi River. The single Ontario record noted
by Powell, and this Michigan record may demarcate an eastern range limit
for this species. With so few records upon which to base hypotheses, it is dif
ficult to determine the status of A cockerellana in Michigan. It is possible
that the species is a permanent resident of the state, or it may erupt into
Michigan during outbreak years of western populations. Within members of
the Tortricidae, extreme demographic fluctuations are common, and other
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species of Argyrotaenia are known to have serious outbreak potential (e.g., A
velutinana Walker). The deficiency in occurrence information for this species
should prompt others to search for this moth in Michigan and surrounding
states. Due to their small size and taxonomic complexity, micro-moths have
received the least attention of all lepidopteran groups. Further collecting of
the sub-order Ditrysia is likely to generate a wealth of new information at
the state and regional levels. For example, Metzler and Zebold (1995) discov
ered 28 species of micro-moths new to Ohio by sampling just one tract of
remnant prairie. It will be exciting to follow the future progress of the Michi
gan Lepidoptera Survey as it continues to produce more information about
the status and distribution of Michigan's Lepidoptera fauna.
ACKNOWLEDGMENTS
David Cuthrell helped collect Lepidoptera at the Wayne county site. Mo
gens Nielsen kindly verified my specimen identifications. Dr. Dale
Schweitzer and Michael Sabourin provided expert identifications for Rhize
dra lutosa and Argyrotaenia cockerellana, respectively. Christopher
Clampitt, Rick Sugg, Eric Metzler, and Mo Nielsen provided insightful com
ments on earlier drafts of this manuscript. This work was made possible by
The Nature Conservancy, Michigan Chapter, and I am grateful for the oppor
tunity to broaden their knowledge of Michigan insects.
LITERATURE CITED
Comer, P., W. MacKinnon, M. Rabe, D. Cuthrell, M. Penskar, and D. Albert. 1995. A
survey of lakeplain prairie in Michigan. Michigan Natural Features Inventory, Lans
ing, Michigan, 47 pages.
Dodge, H. R. 1957. Defoliating insects in the northern Rocky Mountains in 1955.
Northwest Science, 31: 38-42.
Kearfott, W. D. 1907. New North American Tortricidae. Trans. American Entomo!.
Soc., 33: 1-98.
McCabe, T. and D. Schweitzer. 1991. Rhizedra lutosa (Lepidoptera: Noctuidae) newly
introduced into North America. EntomoL News, 102: 130-132.
Metzler, E. and R. Ziebold. 1995. Twenty-eight species of moths new to Ohio from Huff
man Prairie, Greene County (Lepidoptera). Ohio Jour. of Science, 95(3): 240-242.
Mikkola, K. and J. D. LaFontaine. 1994. Recent introductions of riparian Noctuid
moths from the Palaearctic region of North America, with the fIrst report of Apamea
unanimis (Hubner) (Noctuidae: Amphipyrinae). Jour. Lepidop. Soc., 48: 121-127.
Mikkola, K., J. D. LaFontaine, and V. S. Kononenko. 1991. Zoogeography of the Holarc
tic species ofthe N octuidae (Lepidoptera): Importance of Beringian refuge. EntomoL
Fennica., 2: 157-173.
Powell, J. A. 1964. Biological and taxonomic studies on tortricine moths, with reference
to the species of California. University of California publications in Entomology, Vol
ume 32, Berkley. 317 pages.
Price, P. 1997. Insect Ecology, third edition. John Wiley and Sons, Inc., New York. 874
pages.
Samways, M. J. 1995. Insect conservation biology. Chapman Hall, London. 358 pages.
Scott, J. 1986. The butterflies of North America: a natural history and field guide.
Stanford University Press, Stanford, California. 583 pages.
Skinner, B. 1984. Moths of the British Isles. Viking Press, London. 267 pages.

1998

THE GREAT LAKES ENTOMOLOGIST

129

DEVELOPMENT, SURVIVAL AND PHENOLOGY OF THE SWEETCLOVER
WEEVIL PARASITOID, PYGOSTOLUS FALCATUS
(HYMENOPTERA: BRACONIDAE)
lindsey R. Milbrath 1.2 and Michael J. Weiss 1.3
ABSTRACT
Biennial sweetclovers were widely used for soil improvement and as for
ages in the first half of the 1900s. The introduction of the sweetclover weevil,
Sitona cylindricollis, caused a drastic decline in sweetclover acreage. In
North Dakota, yellow sweetclover, Melilotus officinalis, is still the legume of
choice on organic farms. In an effort to control the weevil, the thelyotokous
parasitoid Pygostolus falcatus was imported. Parasitoids were studied for
temperature-dependent development, and adult longevity as influenced by
temperature and availability of provisions. Development from egg to adult at
15, 20, 25 and 30°C was 58, 28, 22 and 21 d, respectively. No parasitoids
were reared out at 10°C, although diapausing first instars were present.
Longevity of adult parasitoids provided honey, water, sweetclover and sweet
clover weevils at 15, 20, 25 and 30°C was 29, 22, 12 and 6 d, respectively.
Adults provided the following combinations of provisions at 25°C survived
for: nothing-2 d; water-2 d; honey-4 d; honey and water-6 d; honey,
water and sweetclover-ll d; honey, water, sweetclover and hosts-12 d.
Field cage releases and a degree-day model developed for the parasitoid
demonstrated that poor synchrony between P. falcatus and the sweetclover
weevil hinders its usefulness as a biological control agent.

Biennial sweetclovers, Melilotus spp. Miller, were introduced into North
America from Eurasia in the early 1700s, but not until the end of the 1800s
did sweetclover gain value in agriculture for soil improvement and, later, as
a forage (Smith and Gorz 1965). The sweetclover weevil, Sifona cylindricollis
Fahraeus, was first recorded in 1924 in Quebec and soon spread across
Canada and the northern states (Brown 1940, Bird 1947, Munro et al. 1949).
Subsequently, sweetclover acreage significantly declined in many areas, e.g.
in some parts of North Dakota acreage was reduced up to 75% after the wee
vil's arrival in the state (Munro et al. 1949). Damage to the plant is caused
by the adult weevil feeding on the foliage, with seedling stands being at
greatest risk to destruction during the spring (Bird 1947, Munro et al. 1949).

lDepartment of Entomoiogy, North Dakota State University, Fargo, North Dakota
58105.
2Current address: Department of Entomology, Kansas State University, Manhat
tan, KS 66506.
3Current address: Department of Plant, Soil and Entomological Sciences, Univer
sity of Idaho, Moscow, ID 83844.
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Heavy feeding in the late summer of the establishment year can also signifi
cantly reduce forage yields the following season (Craig 1978). Larvae feed on
the root system of second-year sweetclover but are not considered an eco
nomic problem (Bird 1947). Few farmers still use sweetclover due, in part, to
the sweetclover weevil and the advent of synthetic fertilizers (Smith and
Gorz 1965). However, yellow sweet clover, Melilotus officinalis Lam., is still
the legume of choice by organic farmers in North Dakota for use in their ro
tations.
Earlier attempts at biological control of the sweetclover weevil involved
three braconids and one tachinid. All were oligophagous, solitary, adult en
doparasitoids of Sitona spp. None of the parasitoids became established on
the sweetclover weevil. Explanations offered included climatic unsuitability
and poor synchrony (Munro et al. 1949, 1950; Loan 1961, Loan and Hold
away 1961a, 1961b; Loan 1965). Our current biological control project in
volved the importation of the parasitoid Pygostolus falcatus (Nees). This
species was one of the four parasitoids that had been previously studied;
however, certain aspects of its biology were incomplete. Therefore, we con
ducted additional laboratory studies on temperature-dependent development
and adult wasp longevity as influenced by temperature and availability of
provisions. A field cage study was also conducted to determine host-para
sitoid phenology under field conditions in North Dakota, and therefore, to
what extent lack of synchrony between P. falcatus and the sweetclover weevil
is a problem.
MATERIALS AND METHODS
In cooperation with Dave Hogg, University of Wisconsin, Madison, Wis
consin; Walter Goldstein, Michael Fields Agricultural Institute, East Troy,
Wisconsin; and Anton Poiras, Institute of Zoology, Chisinau, Moldova Repub
lic, the thelyotokous braconid P. falcatus was collected from Barnaul, Siberia,
to ensure a good climatic match to North Dakota. Offspring of the original
wasps collected were used to establish a research colony at North Dakota
State University. Wasps were reared at 20-25°C using sweetclover weevils as
hosts. Adult sweetclover weevils for both the laboratory and field studies
were field-collected and stored at 10°C and 16:8 L:D with bouquets of sweet
clover until used. Rearings andior dissections of the weevils did not reveal
any natural parasitism. Specimens are deposited in the North Dakota State
Insect Reference Collection, Lot #4790-1544.
Temperature-dependent Development. The exposurelholding cages
for the temperature-dependent development study were half-pint paper
cages with a nylon organdy top. Honey was streaked inside the cage to pro
vide food for the parasitoids and a bouquet of yellow sweetclover cv. Norgold
was provided in a water-filled vial inserted through the side of the cage to
provide food for the hosts. Ten sweetclover weevils and 1-2 P. falcatus fe
males were held for either:
1) 24 h at 10, 15, 20, 25 or 30±1°C and 16:8 L:D. The wasps were then re
moved from the cages and the weevils remained at the initial temperature.
2) 6 h at 25°0. The weevils were then transferred to holding cages at 10,
15, 20, 25 or 30±1 °0 and 16:8 L:D. This second method was used because we
felt that little to no parasitism would take place after 24 h at 10 or 15°C, as
both the wasps and weevils were lethargic at these temperatures.
Following exposure, cages of weevils were checked daily for host death
and parasitoid cocoons. Cocoons were removed, placed in shell vials plugged
with cotton, and checked daily for adult ecIosion. Dead hosts and unemerged
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cocoons were dissected. Remaining live hosts were dissected 21-82 d after ex
posure to the parasitoids, depending on the rearing temperature.
Adult Longevity and Temperature. To determine adult longevity at
different temperatures, adult P. falcatus, < 24 h old, were set up individually
in exposure cages as previously described. Hosts were periodically replaced
with fresh weevils. The wasps were held at the same temperature as during
their larval/pupal development, i.e. 10, 15, 20, 25 or 30 o e, and checked daily
for survival. As zero to few adult wasps were reared out at 10, 15 and 30 o e,
additional wasps for these treatments were obtained from the research
colony.
Adult Longevity and Availability of Provisions. To determine adult
longevity when provided different provisions, cocoons (within a day of eclo
sion) or adult wasps « 24 h old) of P. frilcatu8 were individually placed in
half-pint paper containers at 25°e and 16:8 L:D. Adults were held under six
conditions: 1) empty cage, 2) water only, 3) honey only, 4) honey and water, 5)
honey, water and a plant, and 6) honey, water, plant and hosts. Water was
provided in a 15 ml shell vial, plugged with cotton. Honey was streaked in
side the cage and replaced as needed. Plants were single, non-flowering
stems of yellow sweetclover cv. Norgold, inserted into a water vial. Hosts
were 10 sweetclover weevil adults, which were periodically replaced. Adult
wasps were examined daily for survival.
Statistics. Data for the number of days for development and longevity
were analyzed with analysis of variance. Means were separated using
Tukey's HSD test (SAS Institute 1990).
Using the developmental data, a developmental equation was con
structed from the linear regression of percent development per day on tem
perature (SAS Institute 1990). The equation was of the form y = a + bx,
where y percent development per day and x = temperature. The lower de
velopmental threshold is the x-intercept of the line. When the equation is
solved for 'y' at any given temperature (x), the expected number of days for
development at that temperature is equal to 100*y·l.
Degree-day requirements for development were calculated using the
equation K D(T - t), where D 100*y-l at temperature T, and t is the lower
developmental threshold.
Field cage study. The study site was located on the Dave Podoll farm
near Fullerton, North Dakota at approximately 46°16' N latitude. Field-col
lected sweetclover weevils were exposed to parasitoids in the laboratory.
Both parasitized and unparasitized weevils were released into two Saran®
screen field cages (Synthetic Industries, Gainesville, GA 30503), 1.8 m on a
side, on 25 September 1996 and left to overwinter.
Jars of sugar-water with wicks were hung in the cages in spring 1997 as
a supplement to any flowering plants. Periodic visits were made during the
1997 field season to see if and when adult P. falcatus were present in the
cages and to collect caged sweetclover weevils for rearing and dissections.
Sweetclover weevils were also collected outside the cages and around Fargo,
North Dakota to track their phenology.
The presence of parasitoid cocoons and occurrence of wasp flights in the
field was estimated using the degree-day model:
Dail~ degree-day accumulation = (Max. temp [:::; t U 1 + Min. temp) 12 - tL,
where t
upper developmental threshold and t L = lower developmental
threshold. Weather data was obtained from an automated weather station lo
cated 26 km SE of the study site.

132

THE GREAT LAKES ENTOMOLOGIST

Vol. 31, No.2

RESULTS AND DISCUSSION

Temperature-dependent Development. No parasitoids emerged from
hosts at 10° C; however, based on dissections, first instar larvae were present
in the hemocoel and were assumed to be in diapause for two reasons. First,
diapausing larvae have little to no gut content and exhibit no enlargement of
the ventral lobe of the head as compared to developing first instars (Loan
and Holdaway 1961b). Second, calculating from the developmental equation
(described below), it would take P. falcatus approximately 175 d to complete
its development at 10°C. As hosts at this temperature were not dissected
until at least 82 d later, the parasitoid would have completed 47% of its de
velopment. Based on data from Loan and Holdaway (1961b), one would ex
pect to find third or fourth instars instead of first instars.
Developmental rate decreased significantly from 15 to 25°C. However,
development was not significantly different between 25 and 30°C (Table 1).
Therefore, data for 30°C were not used in determining the developmental
threshold. Wasps' wings at 15 and 30°C were sometimes crumpled, and pre
pupaUpupal survival was low (38%) at 30°C (Table 1). The optimal rearing
temperature for the Siberian strain of P. falcatus appears to be 20-25°C.
Two developmental equations were calculated for P. falcatus: from egg
deposition to spinning of the cocoon (y = -3.067 + 0.388x, R2 = 0.80) and from
egg deposition to adult eclosion (y = -2.201 + 0.277x, R2 = 0.89). For both
equations the lower developmental threshold was determined to be 7.9°C
(Figure 1). This compares favorably with our experimental results in that
some development occurred at 10° C before diapause intervened. The devel
opmental rate plateaued at about 25°C (Figure 1); therefore, we made this
value the upper developmental threshold. This is important to take into ac
count when accumulating degree-days, as daytime summer temperatures
regularly exceed 25°C. Development from egg to cocoon and from egg to adult
for non-diapausing P. falcatus was calculated to take 258 and 363 degree
days, respectively. This compares favorably to data taken from Loan and
Holdaway (1961b), whereby a Swedish strain of the parasitoid took an esti
mated 370 DD to develop from egg to adult.
Because P. falcatus overwinters as a diapausing first instar inside the
host, the above degree-day values cannot be used to predict the first field ap
pearance of the wasp. However, based on laboratory rearings, cocoons and
adults were obtained 154-250 and 259-355 degree-days, respectively, after
the removal of parasitized hosts from cold storage at 5°C.

Table 1. Development of Pygostolus falcatus at Different Temperatures with the
Sweetclover Weevil, Sitona cylindricollis, as Host
Developmental Time (Days, Mean±SD)
Temperature
(OC)
Egg to Cocoon (N)

Adult Emergence
from Cocoon (N)

Egg to Adult (N)

Only diapausing first instars recovered
10
a
57.6 ± 4.0 (5)
16.8 ± 0.4 (5)
15
40.7 ± 3.5 (7)
a
a
b
28.1 ± 1.8 (9)
20
19.8 ± 2.0 (10) b
8.1 ± 0.6 (9)
b
21.6 ± 1.9 (21) c
6.4 ± 0.7 (21) c
15.5 ± 2.3 (24) c
25
21.0 ± 1.0 (5)
c
6.2 ± 0.8 (5)
c
15.2 2.2 (13) c
30
Means within columns followed by the same letter do not differ significantly (P<0.05,
Tukey's HSD test).
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Figure 1. Developmental rate (egg to adult) for Pygostolus falcatus reared on
sweetclover weevil hosts at various temperatures. Linear equation based on
data from 15-25°C.

Adult Longevity and Temperature. At temperatures :s; 15°C when
provided honey, water, sweetclover and hosts, adult P. falcatus survived a
maximum of 39 d (Table 2). Longevity decreased significantly as tempera
tures increased to 25°C. Although not significantly different from the 25°C
data, parasitoids were relatively shorter lived at a constant 30°C, regardless
of the conditions of their larval development (Table 2).
Table 2. Longevity of Adult Pygostolus falcatus at Different Temperatures when Pro
vided Honey, Water, Sweetdover and Sweetdover Weevil Hosts.
Longevity (Days)

Temperature
(OC)

15 h

15
20

25
30
30b

Mean±SDa (N)
32.6 ± 7.6
32.4 ± 7.7
29.3 ± 6.8
22.1 ± 7.1
12.3 ± 2.0
6.0 ± 2.0
8.3 ± 0.5

Range

(5)

a

(5)

a

(3)
(10)
(16)
(3)
(4)

ab
b
c
c
c

20-39
19-38
24-37
8-30
9-16
4-8
8-9

aMeans followed by the same letter do not differ significantly (P<0.05, Tukey's HSD
test).
b Adult parasitoids obtained from a laboratory colony, 20°C. All other adults held at the
same temperature as during their larval/pupal development.
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Table 3. Longevity of Adult Pygostolus falcatus when Given Different Provisions, 25°C
Longevity (Days)
Treatment
Empty cage (no provisions)
Water
Honey
Honey & water
Honey, water & plantb
Honey, water, plant & hosts b

Mean±SDa (N)
2.1 ± 0.6 (10)

2.4 ± O.S (10)
4.3 ± 1.5 (10)
6.2 ± 1.3 (10)
11.0 ± 3.2 (9)
12.3 ± 2.0 (16)

a
a
ab
b
c
c

1-3
1-3

2-7
4-S
6-17
9-]6

aMeans followed by the same letter do not differ significantly (P<0.05, Tukey's HSD
test).
bPlant was a non-flowering stem of yellow sweetclover. Hosts were sweetclover weevils.

Adult Longevity and Availability of Provisions. Adult P falcatus
given no provisions or water only lived an average of 2 d (Table 3). Surpris
ingly, wasps provided honey or honey and water lived an additional 2-4 d
only. Wasps provided honey, water and a plant (with or without hosts) lived
significantly longer, 11-12 d on average, than adults from all other treat
ments (Table 3).
A moist carbohydrate source is necessary to prolong the parasitoid's life.
The shortened life span of adult P falcatus when provided only honey or
honey and water was most likely due to the honey drying out in the cage.
The addition of a plant apparently increased the humidity within the cage,
as the honey did not dry out as fast. Also, the wasps were often seen resting
under a leaf, possibly enjoying a cooler microclimate.
Field cage study. The life cycles of the sweetclover weevil and P falca
tus were determined by Bird (1947) and Loan and Holdaway (1961b), respec
tively. The sweetclover weevil is univoltine in North America. The adult wee
vil overwinters in sweetclover fields, and mating and oviposition occur from
spring through mid-summer. By August almost all these overwintered wee
vils have died (Bird 1947). The larvae feed on the roots and root nodules, and
the summer generation of adult weevils emerges beginning in late-July and
peaking in mid-August. These weevils feed until cold weather begins (Bird
1947).
P falcatus is bivoltine. The parasitoid overwinters as a first instar inside
the adult host. Larval development is completed in the spring and the ma
ture larva exits the host to spin a cocoon, killing the host (Loan and Hold
away 1961b). The first flight of the adult wasps occurs in late spring. Repro
duction is parthenogenic and there is no pre-oviposition period. The female
wasps parasitize other overwintered adult weevils, and a second flight of
wasps takes place in mid-summer (Loan and Holdaway 1961b). Ideally, this
second generation of P falcatus parasitizes weevils of the summer generation
and both host and parasitoid overwinter. It is at this point that synchrony
between host and parasitoid is in question (Loan 1963b).
The Siberian strain of P falcatus successfully overwintered in North
Dakota. Based on field cage observations, host rearings and dissections, 1997
weather data and extrapolations of our degree-day model, a phenology for P
falcatus in southern North Dakota was constructed. The first appearance of
cocoons and the first flight of wasps was estimated to begin May 31 and June
10, respectively. This is based on both rearings of caged hosts and laboratory
rearings of parasitoids that had been artificially overwintered. The emer

1998

THE GREAT LAKES ENTOMOLOGIST

135

gence of adult wasps coincided with the first flowering of yellow sweetclover.
If the wasps do indeed forage on sweetclover, synchrony with this nectar
source is fairly good. Various crucifers are usually flowering in the field at
this time, too. However, if no plant is flowering in the field, then these first
generation wasps will need to forage elsewhere as they will not survive more
than a few days without food (Dyer and Landis 1996). With adequate food re
sources, the adult wasps may survive through the latter part of June, as the
average daily temperature is 20°C (see Table 2).
The second appearance of cocoons and adult wasps was estimated to
begin 2 and 12 July, respectively. This was verified by the presence of wasps
in the cages on 16 July. A few summer generation sweetclover weevils were
present at this time in Fargo, but they did not become abundant until the
end of July. At the field cage site, new weevil adults, collected outside the
cages, did not appear until early August. The Fargo sites generally had thin
ner stands of sweetclover and better soil drainage. The field cage site, located
near a slough, supported very dense stands of sweetclover and the soil re
mained moist throughout the summer. This combination of heavily shaded
ground and moist conditions most likely resulted in cooler soil temperatures
and therefore delayed larval development of the weevils as compared with
the Fargo population. Cage collections made on 23 July yielded no wasps and
only old, overwintered weevils, some of which contained diapausing first in
stal' parasitoids. This incidence of diapause in overwintered hosts had been
reported previously by Loan and Holdaway (1961b). They found 66-83% of
the larvae entering diapause in ,July, with the result that a substantial pro
portion of larvae were eliminated by natural mortality of the overwintered
hosts. Furthermore, adult P falcatus will live no more than three weeks at
this time of the year, as the average daily temperature is 22°C (see Table 2).
Most wasps will therefore die prior to the main emergence of summer wee
vils in August; only a minor percentage of P. falcatus will oviposit in such
hosts. Most P. falcatus will instead encounter overwintered weevils and
waste their eggs on hosts that will die instead of overwintering, if the para
sitoid larva enters diapause, or hosts that will die before the parasitoid larva
completes its development.
Based on our developmental model and cage observations, it appears that
the host-parasitoid synchrony in North Dakota is not good. Poor synchrony
has been reported for various braconids and their adult hosts: P. falcatus and
Sitona spp. in Sweden (Loan and Holdaway 1961b), Centistes excrucians Hal
iday and S. scissifrons Say (Loan 1963a) and Microctonus sitonae Mas. and
S. scissifrons (Loan 1963b). Our model predicts a yearly crash in P. falcatus's
population in late summer, with the consequence that parasitism levels will
start out every spring at low levels. Because much feeding damage and
oviposition by the sweetclover weevil occurs in the spring, it is questionable
whether a late season build-up in parasitism will prevent economic loss.
Mass rearing the parasitoids for augmentative releases is not feasible at pre
sent due to difficulties rearing the host. Although techniques have been pre
sented for culturing hosts (e.g. Hans 1961, Byers 1995), our success with ar
tificial rearing and breaking diapause in artificially overwintered
sweetclover weevils has been poor.
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NEW RECORD FOR THE ENDANGERED CRAWLING WATER BEETLE,
BRYCHIUS HUNGERFORDI (COLEOPTERA: HAlIPLIDAE) IN MICHIGAN
INCLUDING WATER CHEMISTRY DATA
Troy A. Keller 1, Michael Grant2, Bert Ebbers 3 and Robert Vande Kopple 2

ABSTRACT
We report the discovery of the Federally endangered crawling water bee
tle, Brychius hungerfordi Spangler, in a new watershed in the northern
lower peninsula of MIchigan. The site was found on the Carp River, a lake
draining first-order stream. Nine water chemistry parameters were mea
sured from three known locations of B. hungerfordi and from three sites
where no B. hungerfordi have been found. Water from sites with known pop
ulations of adult beetles showed low soluble reactive phosphorus, but were
similar to other similar rivers in northern Michigan.

The status of the crawling water beetle, Brychius hungerfordi Spangler,
is a major concern given its restricted geographical distribution (USFWS
1994). Previously, Brychius hungerfordi adults had been reported from
Michigan only in the East Branch of the Maple River (Strand and Spangler
1994, Spangler 1954) and the East Branch of the Black River (Wilsmann and
Strand 1990). Brychius hungerfordi has also been discovered in Ontario,
Canada in the North Saugeen River (Roughly 1991). Brychius hungerfordi is
currently listed as endangered by the U.S. Fish and Wildlife Service (USFWS
1994).
This paper documents the discovery of the Federally endangered crawl
ing water beetle, Brychius hungerfordi, in a previously unreported watershed
in the Northern Lower Peninsula of Michigan. A total of four B. hungerfordi
adults were captured in the Carp River, Emmet County, Michigan (Twp. 39N,
Rge. 4W, Sec. 32, s.w. 1/4) in August of 1997. The discovery of B. hungerfordi
represents a new record for the beetle in this watershed. The Carp River is a
first-order stream that drains the epilimnion of Paradise Lake. The site is lo
cated on a glacial outwash plain approximately 10 km from the source. At
this site, the river bed was cobble and sand. The Carp River flows through a
second growth mixed deciduous forest fragmented by agriculture.
The beetles were collected from a pool directly below a rime. Brychius
hungerfordi was collected using a series of sweeps across the stream bottom
using D-nets (30 cm diameter). Similar sampling effort at two upstream and
two downstream sites yielded no other adult B. hungerfordi. This finding is
consistent with previous reports of Brychius adults captured from rocky cob-

IDepartment of Biological Sciences, Bowling Green State University, Bowling
Green, OH 43403.
2University of Michigan Biological Station, Pellston, MI 49769.
3Great Lakes Ecosystems, P.O. Box 156, Indian River, MI 49749.
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Table 1. Chemical composition of water collected from sites where Brychius hungerfordi adults have been reported and from sites
where no beetles have been found.
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ble or embedded gravel habitats (Roughley 1991, Wilsmann and Strand
1990, Strand 1989, Spangler 1954). One specimen was collected and de
posited as a voucher at the University of Michigan Museum of Zoology. The
remaining three specimens were released unharmed. Larval abundance was
not determined during this survey.
To characterize the chemistry of sites inhabited by adult B. hungerfordi,
we analyzed water samples taken at three streams where this beetle has
been reported. Physical habitat parameters, e.g. substrate embeddedness,
were not quantified as part of this study. For comparison purposes, addi
tional water chemistry data are shown representing three other northern
Michigan streams where surveys have been unable to detect populations of
B. hungerfordi (Wilsmann and Strand 1990). Water chemistry results indi
cate locations with reported populations of B. hungerfordi show rather low
levels of phosphorus. However, ammonia, nitrate and nitrite, alkalinity and
pH appear typical of lotic ecosystems within this portion of Michigan (Table
1).
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