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LIFE HISTORY ASPECTS OF ANTHOPOTAMUS VERT/CIS
(EPHEMEROPTERA: POTAMANTHIDAE)
W. P. McCafferti and Y. J. Bae 2

ABSTRACT
The study of the larval development and life cycle of a population of the
mayfly Anthopotamus verticis from the Tippecanoe River, Indiana was based
on monthly and weekly sampling in 1990 and 1991. Larval head width and
tusk length were directly correlated with body size; whereas wingpad develop
ment represented an exponential relationship with body size. Relative matura
tion of larvae was efficiently assessed, however. by using wingpad develop
ment. The morphology of eggs is described. Larval growth and development
took place mainly from March to Au~st. Although emergence is protracted
from mid-July to mid-August, the major recruitment of new larvae occurred in
August. Only one cohort was ascertained. The species overwinters as mostly
young larvae. The simple univoltine life cycle appears to be related to seasonal
temperature.

Larvae of Anthopotamus verticis (Say), and presumably the other three
species of this eastern North American ~enus (see Bae and McCafferty 1991).
are essentially hyporheic benthos inhabIting mixed gravel. pebble. and cobble
substrates in streams and rivers (Bae and McCafferty 1994) and feeding
largely by actively filtering small particles of detritus (McCafferty and Bae
1992). Previous studies on life history aspects of Anthopotamus have been
fragmentary and restricted to A. myops (Walsh): Ide (1935) described eggs
and early instar larvae; McCafferty (1975) gave some preliminary life history;
and Bartholomae and Meier (1977) and Munn and King (1987) studied certain
life history aspects. No studies have provided definitive life cycle information.
Studies of other genera of Potamanthidae, e.g.• Potamanthus luteus (Linn.)
from Europe (Landa 1968) and Potamanthus formosus Eaton from Japan
(Watanabe 1988) also have not been conclusive with regard to voltinism.
Although A. verticis is relatively common in midwestern rivers. its life
history has not been previously investigated. Some 20 years of observing its
protracted summer emergence from the Wabash and Tippecanoe Rivers near
Lafayette, Indiana gave rise to speCUlation about possible life history strate
gies of this species. Essentially, was the prolonged emergence period indica
tive of a complex life cycle? Such observations and the lack of definitive life
history information for the family Potamanthidae as a whole led us to study
the larval development and life cycle of A. verticis.

lDepartment of Entomology, Purdue University, West Lafayette. IN 47907.
2Korean Entomological Institute, Korea University, Seoul 136-701. South Korea.
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METHODS
Field investigations were conducted in 1990 and 1991 in the Tippecanoe
River. White County. Indiana (in the Upper Wabash Drainage System). The
study area comprises ca. 100m2 of river. where A. verticis larvae occur in
abundance, and which was described in detail by McCafferty and Bae (1992)
and Bae and McCafferty (1994). Diel maximum water temperature in 1990 and
1991 ranged from 0-30°C (see Fig. 6), water level was highest (50-60cm) from
November through February and lowest (1O-20cm) from June through
August; pH was 8.0-8.6 throughout the study period.
Weekly field samples were taken on 6/20,6/28.7/6,7/11,7/20,7/27,8/5,8/
10,8/16,8/23,8/31,9/7,9/14, and 9/21 in 1990, and 5/24, 6/14, 6/23, 6/28, 7/5, 7/
12, 7/20, 7/26,8/8,8/14, 8/24, 8/30,9/6, 9/13, 9/19, and 10/21 in 1991. For the
purposes of plotting monthly trends (e.g., Fig. 7), the last sampling dates of
the respective months were used.
Larvae were sampled on all sampling dates with a 1 X 1m kick screen
(0.5mm mesh) from gravel and pebble substrates in riffles and from cobble
embedded in sand and gravel in somewhat slower current (see Bae and McCaf
ferty 1994). A trowel was used to dislo
arvae into the downstream screen
because larvae could be found up to 4
deep in the substrate. Sampling
continued until at least 100 larvae were secured. Larvae were carried in large
buckets to the laboratory, where they were preserved in 80% ethanol. One
hundred larvae were randomly selected, for structural measurements and sta
tistical analysis. Mature larvae were sexed.
Attempts to sample subimagos and adults were made on all sampling
dates at the study area from March through October by using white and black
fluorescent lantern lights against a white sheet from dusk to ca. one hour after
nightfall. (Observations of alate forms of this species at store lights in Lafay
ette over the years indicated that this was the primary flight time and that
they were attracted to lights.) Only mere presence or absence of alate forms,
however, could be sampled in this way. Some female adults were dissected for
their eggs previous to preservation; all were preserved in 70% ethanol.
Relationships between larval body length and head width, body length
and tusk length, and body length with wingpad length were demonstrated by
regression analysis. Ranges, means, and standard deviations of body length
were also calculated. Body length was measured from the anterior margin of
the clypeus to the posterior margin of abdominal segment 10. Head width was
measured as the maximal distance between the genae anterior to the com
pound eyes. Tusk length is the straight line distance between the base of the
medial margin and the apex of the mandibular tusk (see Fig. 2). Wingpad
length was measured along the mid-dorsal longitudinal line of the thorax from
the medial margin to the apex of the forewingpad.
Both body length (given in 1 mm increments) and developmental stages
were used in analyzing population dynamics. Wingpad development was used,
as shown in Table 1, for categorizing larvae into developmental stages.
The study of egg ultrastructure and scanning electron micrographs were
accomplished using a SEM as described by McCafferty and Bae (1992) and
Bae and McCafferty (1994).

RESULTS
Eggs. Eggs dissected from live female adults were pale yellow and oval
with two white, conical polar caps, a tagenoform micropyle, and 8-10 knob
terminated coiled threads on a finely tuberculate chorion (Fig. 1). The long
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Table 1. Characteristics of larval developmental stages of Anthopotamus
Wingpad
Forewingpad
Body length
development
length (mm)
(mm)
Stage
Not developed
0
1.0-4.0
Forewingpads
0.01-0.30
4.0-7.0
II
not covering
hindwingpads
III
Forewingpads
0.31-0.50
7.0-10.0
cover hindwingpads
All wingpads
1.00-1.50
8.0-11.0
IV
fully developed

verticis.
Color
Pale
Faint markings
Distinct markings
Uniformly dark

axis of the egg was ca. 123 Jl, the short axis was ca. 92 /1-, and the height of the
polar cap was ca. 33 Jl.
When eggs were placed in an aquarium they became attached to the bot
tom via one of the polar caps. Fertilized eggs held in an aquarium at room
temperature (22-24°e) in June, 1991 eclosed in 14 days. Mortality of first
instars hatched in the laboratory was 100% within a week of eclosion.
Larval Development. The relationships of four larval developmental
stages, body size and coloration, and wingpad size and development are pre
sented in Table 1. Head width was strongly correlated (r2 = 0.9681) with body
length, expressed as y = 0.1318x + 0.2150, where y is the dependent variable
of head width and x is the independent variable of body length (Fig. 31. Tusks

Figure L

Egg of A. verticis. bar

= 10 fl.
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Figure 2. Larva of A. verticis, anterior, bar = 100 iJ..

did not appear until larvae reached ca. 2.0mm in length. They then grew
gradually (tusks of a Stage III larva are shown in Figure 2), being strongly
correlated (r2 = 0.9446) with body length, expressed as y = 0.1674x-0,4802,
where y is the dependent variable of tusk length and x is the independent
variable of body length (Fi¥. 4). The development of forewingpads showed an
exponential relationship (r = 0.9029) with increasing body length, expressed
as y = 1010.2937x -2.6432), where y is the dependent variable of forewingpad length
and x is the independent variable of body length (Fig. 5).
Population Dynamics. Well-developed larvae (see Table 1, stages III and
IV) were more abundant from March to July (Fig. 6). Diel maximum water
temperatures gradually increased from 12 to 29°C during this period. The
population maintained a mean body length of 4.5-5,4mm from September to
March (Fig. 6). Stage I to Stage III larvae were found throughout the year,
but Stage IV larvae occurred only from May to August (Fig. 8), during which
time emergence was continuous.
Detailed weekly sampling data are summarized in Figures 7 and 8. The
population rapidly matured from early May to mid-July (greatest increase in
body size was apparent from early July to mid-July). Mature (Stage IV) larvae
remained abundant until early August. Although subimagos and adults were
sampled from late May to late August, the greatest emergence occurred from
mid-July to mid-August, as evidenced by both increased numbers of alate
forms at lights and from data on the temporal distribution of Stage IV larvae.
Newly hatched larvae were recruited mainly after late July, and Stage I and II
larvae became remarkably abundant in late August (Fig. 8). Most larvae over
winter as Stage I and II larvae, with smaller numbers of Stage III larvae also
overwintering.
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Figure 3. Relationship of body length and head width of A. uerticis larvae IY = 0.1318x
+ 0.2150; r2 = 0.9681J.

Sex ratio of males to females was 1:1.3, based on larval data. Subimagos
and adults were more attracted to white light than black light, and when
present, were most prevalent from 2030 to 2130 hours. Males tended to be
much rarer at lights, and there was no indication of whether one sex preceded
the other in emergence.
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DISCUSSION
The morphology of the eggs of A. verticis appears to be quite consistent
with others known in the family Potamanthidae. Koss (1968), for example,
described the similar eggs of A. myops and A. neglectus (Traver), and
DeGrange (1960) described the eggs of P. luteus in Europe. See also Bae and
McCafferty (1991).
The strong correlation between head width and body length in A. verticis
indicates no allometry present with respect to head development. It also sug
gests that head width may be an adequate index of size development in other
related mayflies.
Based on rather scant literature, most burrowing mayflies (Ephemeridae,
Polymitarcyidae, and Potamanthidae) lack tusks as early instars. Anthopota
mus myops lacks tusks in the first instar (Ide 1935), and Ephoron album (Say)
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[y

= lO!O.2937x-2.643 21).

(Polymitarcyidae~ lacks tusks in the first and second instars (Ide 1935), as
does Ephemera strigata Eaton (E{>hemeridae) (Ando and Kawana 1965). Our
data on A. verticis would agree WIth these observations, although we do not
know the exact number of instars involved up to the time that tusks appear in
A. verticis (ca. 2.0mm body length), Tortopus incertus (Traver) (Polymitar
cyidae) is the only burrowing mayfly presently known to possess tusks as first
instar larvae (Tsui and Peters 1974).
The growth of forewingpads in A. verticis showed an exponential pattern
in general, with the greatest deviance in the mature larvae. This agrees with
other data from mayflies in general. Among burrowing mayflies, Aguayo
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Corraliza et al. (1981) found that wingpads of Ephemera danica Muller (Ephe
meridae) showed an allometric growth pattern with respect to other body
parts, such as head length and width, prothorax width, and metafemur length.
Takemon (1990) found that the rate of wingpad size increase in last instar
larvae of E. strigata showed a strong deviance from the rate of head length
increase.
McCafferty and Huff (1978) first used wingpad development as indicators
of larval development in a heptageniid mayfly. The techmque has hence been
adopted in several mayfly life history studies, and for burrowing mayflies in
studies of Hexagenia limbata (Serville) (Ephemeridae) by McCafferty and
Pereira (1984) and H.limbata and Ephemera simulans Walker by Heise et al.
(1987). Our study indicated that identifying relative developmental stages of
larvae by wingpad development is an easy-to-use technique in the analysis of
mayfly population dynamics.
Interpreted life cycles of potamanthid mayflies have been questionable
with respect to voltinism: A. myops from Michigan and Indiana was consid
ered either univoltine (McCafferty 1975, Munn and King 1987) or semivoltine
(Bartholomae and Meier 1977); P. luteus from central Europe was considered
univoltine (Landa 1968), and P. formosus from Japan was considered multivol
tine (Watanabe 1988). These studies were based on analysis of body length
classes from monthly sampling or from general field observations. Analysis of
larval development stage distribution was not used.
Although previous observations of the prolonged summer emergence
period of A. verticis may have suggested a complex life cycle, our data indi
cate only a simple univoltine pattern. We have not found any indication of two
or more independent cohorts throughout the years. The only considerable co
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occurrence of young and old larvae was during the short, late summer period
when the first of the new generation was heavily recruited. Some adults
emerged from late May to early July, but relatively few early instar larvae
were sampled during that period. Based on the laboratory temperatures
(22-24°C) that allowed eg~ eclosion in two weeks, adequate temperatures for
egg eclosion were present In the field from mid-May through late September.
The life cycle of A. verticis appears to be the univoltine pattern common
in many temperate mayfly species and represented by rapid larval growth in
the warm season (Clifford 1982). Temperature may be the major factor deter
mining development. Other potamanthids from tropical and subtropical
regions, e.g., Rhaenanthus speciasus Eaton from Southeast Asia and P. faT'"
masus from Taiwan (see Bae and McCafferty 1991), emerge throughout the
year. Thus, the local life cycle phenomena found in potamanthid mayflies
appear to indicate relatively flexible life history strategies sensitive to tem
perature, at least in part, and common to mayflies in general (Brittain 1990).
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FIRST RECORD OF APHIS HELIANTHI (HOMOPTERA: APHIDIDAE)
AS A PEST OF CELERY
MG. Kortier Davis and E. Grafius 1

ABSTRACT
In 1989, the aphid Aphis helianthi severely damaged five of 10 scouted
celery fields in west central Michigan. In 1990 and in 1991, A. helianthi again
was a problem. reaching pestiferous levels in three of 10 and two of 10 scouted
fields. respectively. This insect has not been reported previously as a pest of
celery or any other commercial crop. Insecticide efficacy studies showed that
some of the most commonly used insecticides are ineffective against A. helian
thi. Resistance or tolerance to insecticides may explain its new status as a
pest.

Aphis helianthi Monell is a polyphagous aphid known from numerous
hosts (Palmer 1952). It is usually olive green with black cornicles, although its
appearance varies considerably among generations (Robinson and Chen 1969).
A. helianthi is reported to overwinter on the red-osier dogwood, Comus sto
lonifera and occasionally has been observed to remain on dogwood all summer
(Robinson and Chen 1969). Its usual summer host is annual sunflower, Helian
thus annuus (Robinson and Chen 1969), although it does not cause economic
problems on this composite. It also occurs on many other plant species, includ
Ing other native annual species of Helianthus (Rogers et al. 1978), and some of
the wild Umbelliferae (Rojanavongse and Robinson 1976). Cultivated umbelli
fers, such as commercially grown celery (Apium graveolens), are rarely colo
nized (Blackman and Eastop 1984). We found that A. helianthi is the major
aphid pest of commercially grown celery in Michigan. We also report results of
insectIcide trials that suggest a resistance problem with the aphid.

MATERIALS AND METHODS
As part of a larger project to develop an integrated pest management
program for Michigan celery, ten celery fields in western Michigan each
belonging to different celery growers were scouted weekly during the growing
seasons of 1989 through 1991. Sampling included visual inspection of 20
plants at five sites in each field (100 plants per field). A field was identified as
having a A. helianthi infestation if more than 2% of the plants had aphids.
Specimens of the aphid from infested celery were identified in 1989 by Manya
Stoetzel of the USDA as Aphis helianthi. Voucher specimens were depositied
at Michigan State University Entomology Museum, East Lansing, Michigan

IDepartment of Entomology, Michigan State University, East Lansing, MI
48824-1115.
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Table 1. Pesticide rates used in 1990 and 1991 trials against A. helianthi. Rates are kg active
ingredientlha unless otherwise noted.
1991 rate
compound (brand and formulation)a
1990 rate
1.12
1.12
acephate (Orthene 75 S)
0.01
avermectin (Agri-mek .15 ECI
3.35
chlorothaIonil (Bravo 720, 6 ECI
1.12
l.l2
diazinon (Diazinon 8 ECI
1.12
l.l2
endosulfan (Tbiodan 3 ECI
1.01
1.01
methomyl (Lannate 1.8 Ll
0.50 + 0.56
methomyl + piperonyl butoxide
1.12
1.12
naIed (Dibrom 8 ECI
0.22
permethrin (Ambush 2 ECI
0.035 + 0.35
pyrethrins + piperonyl butoxide (Pyrenone)
175.8 mill
insecticidal soap (Safer's Soap)
a 75 S = 75% soluble powder, EC - emulsifiable concentrate in lbs per gallon, L - liquid
suspension in Ibs per gallon.

(Voucher #1992-06). Aphid infestation levels were recorded weekly during
1989-1991 growing seasons. Cumulative frequency of infested celery was cal
culated as the cumulative number of infested celery plants observed (out of
1000 inspected per week) divided by the total number of infested plants
observed during the scouting season.
Pesticide Trials. The 1990 insecticide trial was conducted in a commercial
field in Kent Co., Michigan. Treatments were applied 13 August to a section of
the field with high populations of A. helianthi. Plots were one row wide by 30
m long, with an untreated row between each plot as a buffer. Treatments,
consisting of 10 insecticides or insecticide/synergist combinations and one
fungicide, were randomized within the three treatment rows (blocks). The
fungicide Chorothalonil (Bravo 720) was included to test for possible impacts
on A. helianthi. Before treatment, three heavily infested plants in each plot (>
ca. 50 aphids visible per plant in rows (blocks) 1 and 2 and > ca. 25 aphids per
plant in row 3) were selected and flagged for sampling after treatment. Treat
ments were the highest recommended application rates (Table 1). Pesticides
were applied between 0600 and 0730 hi with a hand-held CO sprayer and
single hollow cone nozzle at 3.16 kg/cm 2 (45Ib/in2) 560 lIha (60 gJJa), except for
the insecticidal soap and avermectin treatments (1120 lIhal.
The three flagged plants from each/lot were cut at the soil surface.
grouped by plot in large plastic bags, an returned to the laboratory where
they were washed in 70% ethanol. The ethanol was filtered through a fine
mesh screen and the aphids, dirt, etc. on the screen rinsed into a beaker using
a saturated sucrose solution. The sucrose solution caused the insects to float
and the dirt to sink, allowing the insects to be decanted into a suction filtra
tion apparatus. The aphids and other insects, primarily syrphid larvae (Dip
tera:Syrphidae) deposited on a filter paper during filtration were identified
and counted under a dissec
microscope (10 xl.
The celery used in the 1
insecticide trial was dug 9 July from the field
of a commercial celery grower in Muskegon Co., Michigan. The celery, approx
imately one month preharvest, was severely infested. Plants were dug and
immediately placed in individual 20 cm diam. clay pots. Plants were trans
ported to a greenhouse at Michigan State University and hooked up to an
automatic soil watering system. On 11 July, seven insecticide treatments were
applied with a hand-held C0i. sprayer and a flat fan nozzle at 3.51 kg/cm2 (50
Ib/in2 ) and 560 lIha (based on 71 em between rows, 20 cm between plants in the
row). Ten randomly selected, heavily infested plants were used in each treat
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ment and in the control. Treatments included standard insecticides registered
for use in celery. Rates of compounds used were the highest recommended for
celery (Table 1). The synergist piperonyl butoxide, which blocks mixed func
tion oxygenase activity, was also tested since mixed function oxygenases are
important in insecticide resistance in other insects (Casida 1970). One week
posttreatment, the celery was cut off at soil level and rinsed in 70% ethanol as
previously described. The ethanol was filtered through a filter paper and the
aphids caught on the paper were counted while using a dissecting microscope
(lOX). Because the celery was not contaminated with particles of muck soil,
the rinse in saturated sucrose solution was not used.
Data were square-root transformed before ANOVA; non-transformed data
are reported in the figures and text. Thkey's HSD (P=.05) was the multiple
comparisons test used. Data for correlation of aphid and syrphid numbers
were not transformed before analysis.

RESULTS
In 1989, five of the 10 scouted fields developed high popUlations of A.
helianthi (greater than 2% of the plants in the fields were infested). Damage to
infested celery was similar to that caused by green peach aphids, with curled
and twisted leaves and petioles. In 1990, three of 10 fields became severely
infested during the growing season. In 1991, aphids infested two of 10 fields
scouted and appeared, but did not reach damagI levels, in three more fields.
One grower suffered a severe infestation with' aphid numbers in over 50%
of his plants. A private consultant reported many other infestations in com
mercial celery during the same years. In 1991, A. helianthi was identified for
the first time as a pest of cultivated celery in central Ontario, Canada (James
Chaput, Kettleby Ontario Muck Research Station, pers. comm.).
In Michigan, A. helianthi was found in celery fields in Kent, Ottawa,
Muskegon and Oceana counties beginning in May and continuing through
September, but were most common during late July and August. The cumula
tive percent infestation summed over the three years of this study shows that
aphids began to appear frequently in fields beginning at approximately 800
dd woc (approximately the first week of July in 1989 and 1990, and the last
week of June 1991, depending on location; Figure 1).
Growers reported difficulty controlling the aphid with standard insecti
cides in all three years. In the 1990 pesticide evaluation study, only acephate,
a systemic organophosphate registered for trimmed celery but unavailable for
use by the processing celery growers for whom we were scouting, and metho
myl, a carbamate, substantially reduced aphid population sizes (Figure 2).
None of the treatments resulted in statistically significant differences due to
high variability of aphid numbers. These data match the growers' field experi
ences in 1990. The fungicide chlorothalonil seemed to adversely affect aphid
numbers, although, not significantly.
High numbers of syrphid larvae (species unknown) were present on the
plants in the 1990 trial (up to an average of 2.3 per plantl(Figure 2). Syrphid
numbers were positively correlated with aphid numbers Ir
0.513, F=29.44,
df=1,28; p< 0.0001). However, graphical analysis also indicated that the
naled and permethrin treatments tended to have high aphid numbers with
respect to numbers of syrphids, compared to the untreated control (Figure 3a).
This suggests that these insecticides are toxic to syrphids but less so to the
aphids, perhaps due to resistance. The relationship of aphid and syrphid num
bers in the other treatments were more similar to the control (Figure 3 a and
b).
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Figure 1. Cumulative frequency of celery plants infested by Aphis helianthi in 1989,
1990, and 1991. Data from 10 fields scouted weekly.

The results for the 1991 pesticide trial were similar to those of 1990
(Figure 4). Methomyl continued to give good control. Addition of piperonyl
butoxide to methomyl did not increase its efficacy. although methomyl, by
itself. was highly effective, indicating that methomyl resistance was not a
problem. Endosulfan was effective against this population of aphids. in con
trast to 1990 results. Addition of piperonyl butoxide might show more activ
ity with endosulfan or naled in some A. helianthi populations. Pyrenone, a
product that combines natural pyrethrum and piperonyl butoxide and not
previously tested a~ainst A. helianthi'/ave control that was equivalent to
that of acephate. Dlazinon and naled di not reduce A. helianthi numbers as
compared with the control.
DISCUSSION
Addicott (1981) synonymized Aphis heraclella Davis with A. helianthi
Monell based on the lack of morphological distinction, host plant phenology,
and some host plant transfer experiments. There is still debate regarding this
synonymy, but until further host transfer works shows otherwise, A. helianthi
is the recognized species name (M. B. Stoetzel, United States Dept. of
Agriculture-Agricultural Research Service, pers. comm.J. Aphis helianthi is

73

THE GREAT LAKES ENTOMOLOGIST

1994

200

...u

en

II

aphids per three plants
~ syrphids per 30 plants

CD

en

-

.5 150
0

"
CD

.Q

E
::::s
c
c
as

100

50

CD
::::&:

0
i!
.2

"E'"

.2

...

~

Figure 2.
celery.

B

'"
'fi.
§

l

1

s::

gr:

.!!

u

~N

"C

0

~::J

.e
fi

tI

Q.

a ~
~
tI

Treatment

..

Q.

!

s::

~

~~

"C

J!

•c:

'"

Mean number of Aphis helianthi and syrphid larvae in 1990 pesticide trial on

referred to as the "sunflower aphid" by Essig (1938). although the Entomologi
cal Society of America does not accept this as a common name.
Other aphids. such as the green peach aphid, Myzus persicae (Sulzer), are
pests of commercial celery in Michigan (and were occasionally present in fields
in this study). Not until 1989 was A. helianthi identified as a major pest of this
crop. It is unclear whether the aphid has been a long-standing pest of celery
but never identified to species. or if the aphid has recently adopted commer
cial celery as a host. Essig (1938) identified A. helianthi (as A. heraclella) as a
potential pest of celery in California, but there have been no reports of eco
nomically important injury from that state. Blackman and Eastop (1984)
include A. helianthi in their key to pests of celery, but indicate that cultivated
unbellifers are rarely colonized. Because of the recent identification of the
aphid as a serious economic problem in Michigan in 1989 and in Ontario.
Canada in 1991, it is probable that it is a new pest of cultivated celery, and
may even be expanding its range.
It is perhaps not surprising that commercial celery has become a host for
A. helianthi. The muck soil in which celery is grown and nearby ditch banks
favor the growth of two potential alternate hosts for the aphid. The reported
over-wintering host of A. helianthi. red-osier dogwood (Graves 1956), occurred
on the periphery of most sites we scouted. We were not able to identify any A.
helianthi on these trees, but we did not do a comprehensive sample. so some
trees may have served as an inoculation source for the aphids that infested the
celery. We also observed Jerusalem artichoke, Helianthus tuberosus, a rela
tive of sunflower and a known host of A. helianthi (Leonard 1963) near the
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Figure 3. Aphid numbers compared to syrphid numbers by treatment for 1990 pesti
cide field trial on celery: a. naled, permethrin. endosulfan, methomyl, and untreated. b.
diazinon, acephate, chlorothalonil, avermectin, Safer's soap, and untreated. The line
represents the relationship between aphids and syrphids in the untreated control
(slope=0.08 syrphid per aphid, r 2 =0.96).

edge of many fields. Helianthus tuberosus may be serving as an alternate host
of A. helianthi.
The source for A. helianthi infesting celery remains unknown. Because
almost all Michigan celery growers start their own transplants on-farm,
aphids are not being imported from other states. Celery plants are quite small
at transp'lanting and no aphid infestations have been reported in greenhouses.
It is unlikely that the aphids are being transported to the field on transplants.
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Figure 4. Number of Aphis helianthi per celery plant for 1991 insecticide trial. Counts
were taken one week post-spray. Values with different letters are significantly different
(Tukey's HSD, P < 0.05).

It is possible that the aphids are harbored on wild or other cultivated umbels.
More work on the innoculum source for A. helianthi infestations of commeri
cial celery is needed,
Fungicides have been previously observed to reduce aphid populations.
Studies have shown that chlorothalonil caused significant asparagus aphid
mortality in the field and in the laboratory, although maneb, a fungicide with
a different active ingredient, was not toxic (Prokrym 1988). Aphid/fungicide
interactions may prove to be significant in managing this aphid in celery.
Insecticides may differentially affect the aphid and its natural enemies.
Permethrin, naled, and endosulfan appear to adversely affect syrphids with
out reducing aphid populations. Although, as a whole, aphid and syrphid
numbers were positively correlated in the 1990 trial, the above treatments
showed high aphid numbers with low syrphid numbers (Figure 3a). The other
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treatments showed a relationship between aphid and syrphid numbers that
was comparable to the control (Figure 3b). In developing a management strat
egy for this pest it will be necessary to consider these types of relationships.
Pyrenone may warrant further study because of its high level of human safety
and short days-to-harvest limit.
In the 1991 trial no compound gave total control, even though all were
applied under "ideal" laboratory conditions. A preliminary test of the levels of
esterases. enzymes that can detoxify many insecticides. showed levels to be
very high in A. helianthi populations-much higher than levels in resistant
green peach aphids. This suggests the aphid may use esterases to resist some
of the insecticides we tested. The marked difference in efficacy of endosulfan
on two different .p,opulations indicates that this species varies in its suscepti
bility to insecticloes. Further tests of both resistant and susceptible popula
tions are needed to evaluate the problem of resistance in this insect.
Although A. helianthi is a relatively new pest of celery, it is already
widespread in Michigan and causing significant economic losses. Further
study on aspects such as sampling. insecticide resistance. and the interaction
between potential biocontrol agents and pesticides are required to ensure
effective management.

ACKNOWLEDGMENTS
Thanks to Dr. Manya Stoetzel and the U.S. Department of Agriculture for
identification of the aphid specimens. James Chaput of the KettIeby Ontario
Muck Research Station for mformation on aphid populations in Canada. and
two anonyIpous reviewers for helpful suggestions. Brian Scriber, Stephanie
Simstad, Paul Kolarik, and Walter Pett helped with data collection. This
research was supported by the Michigan Agricultural Experiment Station,
Campbell's Soup Co., and Celery Research Inc.

LITERATURE CITED
Addicott. J. F. 1981. Synomy of Aphis heraclella Davis 1919 with Aphis helianthi
Monell 1879 (Homoptera: Aphididae). Can. Entomol. 113:167-169.
Blackman. R. L. and V. F. Eastop. 1984. Aphids on the world's crops: An identification
guide. John Wiley & Sons, New York. 466 pp.
Casida, J. E. 1970. Mixed·function oxidase involvement in insecticide synergists. J. Agr.
Food Chem. 18:753-772.
Essig. E. O. 1938. Aphids feeding on celery in California. Hilgardia 11:459-492.
Graves, A. H. 1956. Illustrated guide to trees and shrubs. Harper and Brothers Pub·
lishers. New York. 271 pp.
Leonard, M. D. 1968. Additional records of Missouri aphids. J. Kans. Entomol. Soc.
32:65-84.
Palmer, M. A. 1952. The aphids of the Rocky Mountain region. Thomas Say Foundation
(Publications) No.5.
Prokrym. D. R. 1988. Impact of coccinellids on the asparagus aphid in comparison to
other natural enemies. Ph.D. Dissertation, Michigan State University. 215 pp.
Robinson, A. G. and Y. H. Chen. 1969. Species of Aphis (Homoptera: Aphididae) on
Comus species in North America. Can. EntomoL 101:521-527.
Rogers, C. E., T. E. Thompson, and M. B. Stoetzel. 1978. Aphids of sunflower: Distribu

1994

THE GREAT LAKES ENTOMOlOGIST

77

tion and hosts in North America (Homoptera: Aphididae). Proc. Entomol. Soc. Wash.
80:508-513.
Rojanavongse, V. and A. G. Robinson. 1976. Nearctic species of Aphis L. (Homoptera:
Aphididae) on Umbelliferae, with a key to those found in Manitoba. Can. EntomoL
108; 57-60.

1994

THE GREAT LAKES ENTOMOLOGIST

79

DIAPAUSE DYNAMICS AMD HOST PLANT UTILIZATION OF COLIAS
PHILOD/CE, COLIAS INTER/OR AND THEIR HYBRIDS
(LEPIDOPTERA: PIERIDAE)
David N. Karowe 1

ABSTRACT
Abnormal diapause dynamics and, to a lesser extent, reduced efficiency of
host utilization by hybrid larvae constitute potential post-zygotic barriers to
gene flow between a multivoltine legume-feeder, Colias philodice (Lepidop
tera: Pieridae) and a univoltine Vaccinium-feeder, C. interior. At the time when
C. interior larvae enter diapause, approximately 50% of hybrid larvae ceased
feeding but did not enter diapause, and subsequently starved. Hybrid larvae
readily accepted the host plants of both parental species. However, relative to
C. philodice, hybrid larvae displayed a significantly reduced fifth instar rela
tive growth rate (RGR) when fed the primary legume host, Medicago sativa.
Reduced growth of hybrid larvae was attributable to both reduced relative
consumption rate (RCR) and reduced efficiency of conversion of digested food
(ECD), but not to reduced digestive efficiency (AD). Relative to C. interior,
hybrid larvae fed Vacdnium myrtilloides displayed reduced pupal weight and
reduced ECD. These results may explain in part why all known naturally
occurring hybrids among North American Colias arise from parental species
with similar host plant ranges and diapause strategies.

Reproductive isolation is sometimes believed to exist because it maintains
what Mayr (1963) terms "harmonious. well-integrated gene complexes." For
herbivorous insects, diapause dynamics and the utilization of host plant tis
sue may constitute such coadapted gene complexes. and adverse effects asso
ciated with their dissolution (i.e. reduced hybrid fitness) may provide formida
ble barriers to gene flow between sympatric species. The genus Colias
(Lepidoptera: Pieridae) contains several pairs of sympatric species that differ
strikingly in patterns of voltinism and larval host plant range. yet can be
made to h~bridize in the laboratory (Ae 1956, 1959). As such. Colias presents
an unusual opportunity to evaluate the importance of differences In larval
host plant range and diapause strategy as post-zygotic barriers to gene flow.
Although the taxonomy of the 14 North American species of Colias (Sul
phur) butterflies is problematical (Bums 1975, Scott 1986), three apparently
natural groups are easily distinguished: multivoltine legume-feeders (4 spe
cies), univoltine legume-feeders (5 species), and univoltine Vaccinium- or Salix
feeders (5 species). All known naturally-occurrin~ hybrids among North Amer
ican Colias arise from parental species with similar host plant ranges and
diapause strategies. Hybridization occurs in nature between C. eurytheme

IDepartment of Biology, Virginia Commonwea1th University, Richmond, VA
23284-2012.
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Boisduval and C. philo dice Latreille (both multivoltine legume-feeders), C.
eurydice Boisduval and C. cesonia Stoll (both multivoltine legume-feeders), C.
alexandra Edwards and C. occidentalis Scudder (both univoltine legume
feeders), C. nastes Boisduval and C. helca LeFebre (both univoltine legume
feeders), and C. interior Scudder, C. palaeno L., and C. pelidne LeConte (all
univoltine Vaccinium-feeders; Scott 1986). Despite considerable spatial and
temporal sympatry, no hybrids are known to arise from species with different
voltmism patterns or larval host plant ranges.
Between-group hybridizations are particularly interesting because they
represent the fotential immediate dissociation of coadapted gene complexes.
In this study, describe the diapause dynamics and food utilization abilities of
hybrid larvae produced from matings between Colias philodice Latreille, a
multivoltine legume-feeding species, and Colias interior Scudder, a univoltine
Vaccinium-feeding species. Specifically, I ask whether hybrids between C.
philodice and C. interior exhibit reduced fitness and, if so, whether reduced
fitness is attributable to decreased fertility, host acceptance, early instar sur
vivorship, efficiency of host utilization, andlor developmental abnormalities.
MATERIALS AND METHODS
Study Organisms. Adults of C. philodice, the Common or Clouded Sul
phur butterfly, and C. interior, the Pink-edged Sulphur butterfly, are spatially
and temporally sympatric throughout much of northern Michigan. Although
morphologically very similar, C. philodice and C. interior differ in several
important respects. C. philodice is multivoltine, with a distinct spring brood
from early to late May, and a virtually continuous flight period from early
June through October. In contrast, C. interior is univoltine, with a single
flight period from early July to early August. Larvae of C. philodice feed on a
variety of herbaceous legumes (Fabaceae) and, in areas sampled in Michigan,
use Medicago sativa (alfalfa) and Trifolium pratense (red clover) as primary
host plants, and Melilotus alba (white sweet clover) as a secondary host plant.
The leguminous hosts of C. philodice produce young foliage from May to
October and contain a diversity of secondary compounds, including cyano
genic glycosides, saponins, oestrogens, phenolics, and alkaloids (Harborne et
al. 1971, Conn 1981. Arora 1983). In contrast, in the areas studied, C. interior
larvae feed exclusively on Vaccinium myrtilloides and V. angustifolium (Erica
ceae). Both species of Vaccinium produce young leaves only during a single
synchronous flush in May.
Matings. Virgin C. philo dice females were obtained by rearing several
hundred offspring from 14 females caught near Ann Arbor, Michigan. Rearing
was completed at The University of Michigan Biological Station (UMBS) in
Pellston, Michigan. To synchronize the eclosure of C. philodice females with
the flight period of C. interior males, C. philodice pupae were allowed to
develop until they could be sexed (approximately 2-3 days before eclosure), at
which time they were placed at 3-5°C. Females and males maintained under
refrigeration for up to three weeks eclosed normally, generally within 24 hours
after being returned to room temperature.
Matings were obtained by introducing 243 newly eclosed virgin C. philo
dice females into a cages containing either 262 newly eclosed C. philodice
males or 87 C. interior males collected near Trout Lake, Michigan. Cages were
inspected every 30 minutes; successful copulation lasts 1-3 hours (inability to
rear C. interior larvae through diapause precluded C. interior X C. philodice
matingsl. Mating pairs were immediately removed and placed in a 25-cm
diameter clay pot containing fresh M sativa. Eggs were collected each day,
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and were judged to be fertile if they turned from white to red within 96 hours.
Twice each day, all adults were fed to satiation on a 10% solution of clover
honey in water. Eggs were obtained in the same manner from C. philodice
females mated as described above and from C. interior females collected near
Trout Lake.
Host preference of neonate larvae. To determine the feeding preferences of
neonate C. philodice, C. interior, and C. philodice X C. interior larvae (here
after "hybrid larvae"), 20 paired trials were conducted using the following two
treatments: in one 5.5-cm plastic Petri dish, five larvae were placed on aM.
sativa leaf adjacent to a V. myrtilloides leaf, and in the other five larvae were
placed on a V. myrtilloides leaf adjacent to aM. sativa leaf. After 0.5,1,2,4,8,
and 24 hr, each pair of dishes was inspected to determine the location and
feeding activity of each larva. If a larva remained on the original leaf and
initiated feeding, it was considered to have accepted that host plant; if not, it
was considered to have rejected that host plant.
Early instar survivorship. The survivorship of 100 C. philodice, C. inte
rior, and hybrid larvae on each of M sativa and V. myrtilloides (total = 600
larvae) was monitored through the end of the second instar. Larval density
was no greater than 10 per 5.5-cm plastic Petri dish. Fresh food was provided
every second day.
Diapause dynamics. To determine whether the different "diapause strate
gies" (sensu Tauber and Tauber 1981) of C. philodice and C. interior constitute
a potential post-zygotic barrier to gene flow, larvae of each species and their
hybrids were reared in ll-cm Petri dishes (five larvae per dish) under either a
18:6 L:D cycle with a corresponding 29:23°C temperature cycle, or under
ambient conditions in laboratories at UMBS and subsequently at the Univer
sity of Michigan, Ann Arbor. Laboratory temperatures varied between
20-28°C over the entire rearing period. Photoperiod averaged approximately
16 hr of light per day.
C. philodice larvae were reared on M sativa (n = 55 dishes), C. interior
larvae on V. myrtilloides (n = 33 dishes), and hybrid larvae on both M. sativa
(n = 51 dishes) and V. myrtilloides (n = 50 dishes). Fresh food was provided
every second day or more often if necessary, and feeding activity of each larva
was monitored until it entered diapause, pupated, or died of starvation. A
number of late instar larvae died of viral infection (see below) and are not
included. A larva was determined to have entered diapause if it ceased feeding
for three days without becoming visibly smaller, adopted the characteristic
swollen appearance (Hayes 1982), and became relatively insensitive to envi
ronmental stimuli such as touch.
Larval nutritional ecology. Since hybrid larvae survived when fed either
M. sativa or V. myrtilloides, it was possible to compare the feeding efficiencies
of hybrid and C. philodice larvae on M sativa, and hybrid and C. interior
larvae on V. myrtilloides. Quantitative nutritional indices were calculated dur
ing the fifth instar for 15 hybrid and eight philodice larvae fed M sativa, and
for five hybrid and five C. interior larvae fed V. myrtilloides. Methods were as
described in Waldbauer (1968), with the following three modifications. First,
because very few hybrid and C. interior larvae survived to the fifth instar, a
wet weight/dry weight ratio established for C. philodice larvae was used to
estimate the initial dry weight of all larvae used in feeding trials. Second, a
wet weight/dry weight ratio established previously for C. philodice pupae was
used to estimate the dry weight of all individuals at pupation. Hybrid pupae
were allowed to eclose in order to obtain adult specimens. C. philodice and C.
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Table 1. Feeding preferences of newborn C. philodice, C. interior, and hybrid larvae. Larvae
were considered to have accepted a host if they initiated feeding within 24 h. and to have
rejected it if they did not.
Placed on M sativa
Placed on V. myrtilloides
Species
Accepted
Rejected
Accepted
Rejected
C. philodice
97
3
o
100
Hybrid
88
12
86
14
C. interior
o
100
95
5

interior pupae were allowed to eclose to determine whether all hybrid adults
larvae used in nutritional ecology trials were male (Ae 1959, Bowden 1966);
because this in fact was the case, female C. philodice and C. interior larvae
were excluded from all statistical comparisons.

Statistical analysis. Chi:square analysis was used to determine whether
the :proportion of non-feeding larvae differed between broods, host plants, or
rearmg conditions, and whether the overall proportion differed from 50:50.
Mean values of relative growth rate (RGR), relative consumption rate (RCR),
approximate digestibility (AD), efficiency of conversion of digested food
(ECD), pupal dry weight, and instar duration were compared using Students'
t-tests or, when variances were unequal between treatments, Mann-Whitney
U-tests (Sokal and Rohlf 1981).
RESULTS
Matings. As expected, C. philodice females more readily mate with C.
philodice than with C. interior males. Sixty-two con specific matings occurred,
compared to only 2 between C. J?hilodice females and C. interior males.
Although males of both species actIvely courted C. philodice females, females
nearly always adopted their "refusal posture" (Silberglied and Taylor 1978)
when approached by C. interior males.
Fecundity and egg fertility. Relative to intraspecific matings, interspe
cific matings did not result in decreased fecundity or egg fertility. C. philodice
females mated by C. interior males laid slightly more eggs (361 ± 8; n = 2)
than females mated by C. philodice males (295 ± 123; n = 13), though this
difference was not significant (t = 0.75, d.t. = 13, p > 0.4). Fertility of hybrid
eggs (95.3%) was nearly significantly higher than that of C. philodice (94.6%)
and C. interior (93.6%) eggs (x 2 = 5.77, d.f. = 2, 0.10 > p > 0.05).
Feeding preferences of neonate larvae. Both C. philodice and C. interior
larvae displayed marked preferences for their own host plant. Newly hatched
C. philodice larvae readily accepted M sativa and categorically rejected V.
myrtilloides, while the opposite was true for newly hatched C. interior larvae
(Table 1). Hybrid larvae readily accepted the host plants of both parental
species. Of the hybrid larvae placed imtially on M sativa, 88% initiated feed
ing on M sativa, 11 % initiated feeding on V. myrtilloides, and 1% remained on
M sativa but did not feed. Of the larvae placed initially on V. myrtilloides,
86% initiated feeding on V. myrtilloides, 12% initiated feeding on M. sativa,
and 2% remained on V. myrtilloides but did not feed.
Early instar survivorship. Larvae of each parental species were able to
survive only on their own host. All C. philodice larvae given V. myrtilloides
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Table 2. Number of continuously feeding (F) and non-feeding (Non-F) C. philodice, C. interior,
and hybrid larvae reared under each of two light and temperature regimes (see text for details
of rearing conditions).
Ambient
Environmental
Conditions
Chamber
Host plant
F
Non-F
F
Non-F
Species
C. philodice
M sativa
194
0
117
0
Hybrid
M sativa
22
18
17
24
Female 1
V. myrtilloides
24
20
17
21
Female 2

C. interior

M sativa
V. myrtilloides
V. myrtilloides

50
35
0

42
43
61

43
46
15

51
35
82

and all C. interior larvae given M sativa failed to initiate feeding and starved
within 96 hr. However, survivorship of hybrid larvae through the second
instar did not differ significantly from that of the corresponding parental
species on either M sativa (94% vs. 98%) or V. myrtilloides (97% vs. 96%).
Diapause dynamics. As expected, no C. philodice larvae entered diapause
between 1 and 7 August when maintained under either light and temperature
regime (Table 2). However, all second instar C. interior larvae maintained on a
laboratory bench and 85% of those maintained at 18:6 L:D and 29:23°C
entered diapause at this time. Unlike the parental species, hybrid larvae were
distinctly dimorphic in their diapause behavior (Table 2). Fifty-three percent
of 510 hybrid larvae fed actively through the third ins tar, and continued
feeding until they either pupated or died of viral infection. The remaining 47%
ceased feeding during the second or third instar, but did not appear to enter
true diapause. Unlike C. interior larvae, non-feeding hybrid larvae did not
display a swollen appearance, nor did they become insensitive to touch.
Within seven days. all hybrid larvae shriveled and died, apparently of starva
tion. The proportion of non-feeding larvae did not differ between the two
families (x = .01, df = 1, p > .9), between the two host plants (x2 = .43, df =
1, p > .5), or between the two light and temperature regimes (x 2 = .01, df = 1,

p

> .9).

Larval mortality due to viral infection. At the time when C. philodice
larvae were in the fourth instar, C. interior larvae had entered diapause, and
hybrid larvae had either ceased feeding and died in the second instar or had
fed continuously and were in the late third or fourth instar, larvae began to
display symptoms typical of infection by a polyhedrosis virus (Ae 1959).
Nutritional indices are reported only for fifth instar larvae that produced
healthy adults.
Larval nutritional ecology. A second potential barrier to interspecific
hybridization is apparent in the reduced ability of fifth instar hybrid larvae to
utilize M. sativa tIssue for growth. When fed M sativa, hybrid larvae per
formed significantly worse than C. philodice larvae (Table 3). Relative to C.
philodice larvae, hybrid larvae showed a 24% decrease in pupal weight and a
31 % decrease in relative growth rate (RGR)_ Reduced RGR of hybrid larvae
was attributable to reduced relative consumption rate (RCR), reduced effi
ciency of conversion of digested food (ECD), and increased instar duration.
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Table 3. Performance of fifth instar C. philodice and hybrid larvae on M. sativa. Means are
given, with standard deviations in parentheses. Means followed by different letters are signif
icantly different at p < .05 by Student's t-test or, if variances among strata are unequal, by
Mann-Whitney U-test.
Species

n

RGR

RCR

AD

ECD

ECl

lnstar
Duration (h)

Pupal Dry
Weight (gm)

C. philodice

8

.415 a
(.063)

1.76 a
(.22)

.400 a
(.076)

.613 a
(.153)

.236 a
(.025)

74.8 a
(14.7)

.0582 a
(.0045)

15

.285 b
(.044)

1.34 b
(.26)

.445 a
(.035)

.494 b
(.084)

.216 b
(.024)

122.9 b
(27.6)

.0445 b
(.0067)

Hybrids

However, hybrid larvae digested M sativa as efficiently (AD) as did C. philo
dice.
Similarly, hybrid larvae performed significantly worse than C. interior
larvae on V. myrtilloides (Table 4). Relative to C. interior larvae, hybrid larvae
displayed an 11 % decrease in pupal weight and a 31 % decrease in ECD.
However, hybrid larvae consumed V. myrtilloides at a higher rate and there
fore did not display a reduced RG R.
DISCUSSION
The results of this study must be interpreted with caution, since all larvae
were obtained from only two C. philodice X C. interior matings. Nonetheless,
the results of this study suggest that abnormal diapause dynamics and, to a
lesser extent, reduced host utilization abilities constitute potential post
zygotic barriers to gene flow between the multivoltine legume-feeder, C. philo
dice, and the univoltine Vaccinium-feeder, C. interior.
As suggested by Oliver (1979), hybrid inviability appears to arise from
"disruption of the integration of growth and developmental processes", partic
ularly at a time when "crucial hormonally regulated tissue changes" occur. At
the developmental stage when C. interior larvae normally enter diapause,
approximately 50% of hybrid offspring cease feeding and subsequently
starve. Hybrid larvae also suffer reduced ability to utilize M sativa and V.
myrtilloides for growth. In contrast, neither maternal fecundity, egg fertility,
host acceptance, nor early instar survivorship contributed to reduced hybrid
fitness.
Genetic control of diapause in insects frequently involves both sex-linked
and autosomal loci (Tauber and Tauber 1981, Taylor and Karban 1986). The

Table 4. Performance of fifth instar C. interior and hybrid larvae on V. myrtilloides. Means are
given, with standard deviations in parentheses. Means followed by different letters are signif
icantly different at p < .05 by Student's t-test or, if variances among strata are unequal, by
Mann-Whitney U-test.
Species

n

RGR

RCR

AD

ECD

ECl

lnstar
Duration (h)

Pupal Dry
Weight (gm)

C. interior

5

.139 a
(.032)

1.55 a
(.27)

.251 a
(.030)

.366 a
(.078)

.090 a
(.009)

217.2 a
(43.3)

.0313 a
(.0094)

Hybrids

5

.154 a
(.028)

2.10 b
(.27)

.287 a
(.025)

.253 b
(.022)

.073 b
(.009)

228.8 a
(65.9)

.0279 b
(.0017)
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results of this study are consistent with the hypothesis that in Colias the
initiation of diapause is controlled by genes located on the X-chromosome but
that successful entrance into diapause requires the concommittant expression
of autosomal loci. It is plausible that. because they possess only a C. interior
X-chromosome. female hybrid larvae initiate diapause at the same time as C.
interior, but that epistatic interactions between their C. interior X
chromosome and C. philodice autosomes prevent female hybrid larvae from
successfully entering diapause (Coyne and Orr 1989). If C. philodice alleles
controlling the initiation of diapause are dominant. then male hybrid larvae
would not initiate diapause in August. This would explain why 50% of hybrid
larvae die attempting to enter diapause and 50% develop continuously. X
chromosome "supergenes" in C. philodice are known to mfluence both the
production of male sex pheromones and mate selection by females (Orula and
Taylor 1979. 1980a,b), and it may be that selection has favored linkage
between loci controlling mate choice and those controlling diapause. As noted
by Scriber and Lederhouse (1992), sex linkage could facilitate adaptive diver
ge;'-:C9 in diapause strategies.
Host acceptance and utilization by hybrid larvae. Unlike either parental
species, hybrid larvae initiated feeding on both M sativa (Fabaceae) and V.
myrtilloides (Ericaceae). This result is consistent with Scriber's (1982, 1987)
observations that F 1 hybrids between either Papilio canadensis or P. rutulus
(both Salicaceae-feeders) and either P. glaucus or P. australis (both
Magnoliaceae-feeders) display high survivorship and growth on both the Sali
caceae and Magnoliaceae.
Although they accepted both parental host plants, hrbrid larvae did not
perform as well· as the corresponding parental species on elther host plant. The
reduced efficiency with which fifth ins tar hybrid larvae utilize M. sativa for
growth constitutes a second, but lesser, potential barrier to interspecific gene
flow. In matings involving C. philodice females. all hybrid eggs would be laid
on M sativa or other legumes. Relative to C. philodice larvae, hybrid larvae
fed M sativa displayed significant reductions in relative growth rate (RO R)
and pupal weight, both of which are positively correlated with fecundity in C.
philodice (Karowe 1990). Similarly, both ECD and pupal weight of hybrid
offspring were reduced on V. myrtilloides. However, since no hybrid larvae
successfully entered diapause. it was not possible to compare performance on
early season Vaccinium foliage, on which C. interior larvae normally feed.
The performance of fifth instar hybrid larvae suggests that adaptation to
M sativa and V. myrtilloides has not required major genetic changes in diges
tive physiology, since hybrid larvae digested each host as efficiently as the
respective parental species. However, adaptation to these two hosts appears
to have involved divergence in loci controlling the post-digestive utilization of
plant tissue, since hybrid larvae displayed significantly reduced ECD on both
M sativa and V. myrtilloides. This conclusion is again consistent with Scrib
. er's (1987) observation that reduced growth of P. canadensis X P. glaucus
hybrids was generally attributable to reduced ECD rather than reduced AD or
RCR.
Hybridization in nature. The morphological similarity between C. philo
dice and C. interior precludes the use of visual techniques to determine the
frequency of interspecific matings in nature. However, the reluctance of C.
philodice females to mate with C. interior males suggests that hybridization in
nature may be rare. In the laboratory, interspecific matings always involved
recently eclosed C. philo dice females (Ae 1956, this study) presumably
because, before their wings harden, females are not able to adopt the refusal
posture (Silberglied and Taylor 1978).
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This and previous studies (Ae 1956, 1959) suggest that C. philodice
females are more discriminating than males. Indeed, mate choice by C. philo
dice females is mediated both by precise chemical cues (Grula and Taylor
1979, GruIa et al, 1980) and by species-specific visual cues (the wings of C.
interior males, like those of C. philodice males, do not reflect ultraviolet light
[personal observation]). In contrast, Colias males rely on inherently more
ambiguous visual cues, such as wing coloration (Silberglied and Taylor 1978).
This difference may have resulted from intense competition for females, which
are mated on average within 18 minutes of eclosure (Taylor 1972). Selection
may therefore have favored the use of fairly general visual cues by males
because they minimize the probability of failing to detect a receptive female.
Evolution of reproductive isolation between C. philodice and C. interior.
Despite considerable spatial and temporal sympatry, no hybrids are known to
arise among North American CoUas species with different voltinism patterns
or different larval host plant ranges (Scott 1986). The data presented here are
consistent with the hypothesis that behavioral pre-mating isolating mecha
nisms are maintained because they prevent investment in less fit hybrid off
spring. It is therefore tempting to infer that reproductive isolation evolved in
part as a response to selection against less fit hybrids (the concept of "rein
forcement" (Paterson 1978]). However, Templeton (1981) and Butlin (1987)
have argued that reinforcement is rare because gene flow between hybridizing
species generally leads to the rapid extinction of those genetic differences that
favor reproductive isolation. Reproductive isolation, they argue, is more likely
to evolve in allopatry as a pleiotropic effect of selection for other attributes,
such as increased accuracy of mate recognition. Under such circumstances,
reduced fitness of C. philodice X C. interior hybrid larvae would not drive the
evolution of reproductive isolation.
Alternatively, it is possible that C. philodice and C. interior came into
secondary contact at a time when reproductive isolation was not complete,
and hybrid fitness was (as it now appears to be) low but not zero. Under such
circumstances, reinforcement is more likely (Templeton 1981, Butlin 1987),
and reduced hybrid fitness could have been directly responsible for the evolu
tion of reproductive isolation between C. philodice and C. interior.
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FEEDING PATTERNS AND ATTACHMENT ABILITY OF ALTICA SUBPLICATA
(COLEOPTERA: CHRYSOMELIDAE) ON SAND-DUNE WILLOW
Aron J. Gannon, Catherine E. Bach and Glenn K. Walker]

ABSTRACT
To investigate feeding patterns of a specialist herbivore, Altica subp/i
cata, larvae and adults were caged separately on host plants, Salix cordata,

and leaf damage was estimated. Young, relatively more pubescent leaves near
the tops of the shoots were consumed more than older leaves. Larvae clearly
preferred the young, pubescent leaves and avoided the oldest leaves. Adults
showed a stronger preference for the first five young leaves, but amount of
consumption did not differ among the older leaves.
Attachment ability on smooth and pubescent leaves was examined as a
possible factor influencing feeding patterns. Scanning electron microscopy of
tarsal adhesive structures and leaf surfaces was conducted to investigate how
A. subplicata attaches to its host. Adhesive setae on the tarsi of adults may be
effective for attachment on the older, smooth leaves and their tarsal claws are
likely used to cling to trichomes of pubescent leaves. Larvae have fleshy
adhesive pads for attachment. Laboratory experiments on attachment of lar
vae and adults to smooth and pubescent leaves under various wind conditions
showed that wind caused difficulty in attachment and movement, but leaf
pubescence did not affect the number of beetles that fell off leaves. However,
larvae fell off more quickly when placed on pubescent leaves. Thus, other
factors such as nutritional quality and microclimate provided by trichomes
may be responsible for the preference for pubescent leaves exhibited by A.
subplicata.

Many specialist phytophagous insects exhibit very specific patterns of
feeding behavior and distributions in response to food plant variability.
Insects have been shown to prefer younger leaves that have higher nitrogen
and water content than older leaves (Phillips 1976, Wilson 1986, Cassin 1989).
Different leaf topographies such as wax blooms and pubescence, which vary
with leaf age and plant phenotype, also influence insect distribution (Stork
1980a, Edwards 1982, Rowell-Rahier 1984, Lee et al. 1986, Kennedy 1986,
Wilson 1986, Eigenbrode et al 1991).
Attachment ability is an important component of insect specialization
because insects that fall off a plant may feed less, risk dessication and not be
able to relocate the plant. These consequences are especially apparent for less
mobile larvae. Cassm (1989) found that larvae of a willow flea beetle, Altica
subplicata LeConte, placed on the ground were recaptured less often than
larvae placed on plants in a mark-recapture experiment, suggesting adverse
effects when larvae falloff plants.

IDepartment of Biology, Eastern Michigan University, Ypsilanti, MI 48197.
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In many studies, the inability of herbivores to utilize leaves of certain
textures is based on attachment. Lee et al (1986) found that the potato leaf
hopper, Empoasca fabae Harris, was unable to .orient in a proper feeding
position or move about effectively on a pubescent variety of soybean. Study
mg oak aphids, Kennedy (1986) found that species with identical tarsal struc
tures differed in attachment ability on smooth, rough, and pubescent leaves
based on the positioning of tarsi. Glaucous (waxy) leaves also affect attach
ment and movement ability of insects, and hence, such leaves show resistance
to damage (Stork 1980a, Edwards 1982, Eigenbrode et al. 1991). Stork (1980a,
b, c) examined the morphology and adhesive mechanism of the tarsal setae of
leaf-feeding adult Coleoptera. Based on scanning electron microscopy (SEM)
and laboratory experiments, adhesive setae appear to attach by "molecular
adhesion" and require a smooth substratum to gain sufficient contact for
beetle attachment.
In this study we examined the feeding patterns of a willow flea beetie, A.
subplicata, and the role of attachment ability in influencing these feeding
patterns. Both larvae and adults feed on Salix cordata Michaux, the leaves of
which are densely pubescent compared to other willow species. In S. cordata,
pubescence appears to decrease with leaf age. Since larvae and adults tend to
feed on young willows along the lakeshore where wind speeds are greatest,
attachment may affect foraging ability. Our specific questions for this study
were: (1) Does A. subplicata show feeding preferences for S. cordata leaves of
various ages? (2) If so, do these feeding preferences differ between larvae and
adults? (3) Do larvae and adults differ in the morphology of tarsal adhesive
structures? (4) Does attachment capability of larval and adult A. subplicata
differ on young, pubescent leaves vs. older, smooth leaves? (5) Does wind
affect attachment duration?

MATERIALS AND METHODS
Feeding Preference Test. To determine if larvae and adults exhibit a feed
ing preference for young vs. old leaves of S. cordata, we selected 20 plants of
approximately equal size along the lakeshore at Grass Bay Nature Conserv
ancy Preserve on Lake Huron, Cheboygan Co., MI. For each pair of neighbor
ing plants, we randomly assigned a treatment of either 10 larvae or 10 adults.
Undamaged branches from each plant were covered with mesh bags contain
ing adults or larvae on 19 July, 1993.
Damage estimates were recorded on the sixth day of the experiment for
the two largest shoots in each mesh bag (except for three bags which had only
one shoot). Leaves were numbered on each shoot within the mesh cages, 0
designating the young unexpanded leaves at the shoot apex and 1 being the
first opened leaf, then numbers increased down the shoot. Thus, leaf number
increased with leaf age. Damage was estimated visually by assigning to each
leaf a damage category of 0 to 6 (0=0% leaf area removed, 1=1-5%,
2=6-25%, 3=26-50%, 4=51-75%, 5=76-99%, 6=100%). Damage catego
ries were converted to mean percentages to calculate mean damage for each
leaf number and two-way ANOVAs were performed to determine how extent
of damage was affected by beetle stage, leaf age, and the interaction between
beetle stage and leaf age.
SEM of Insect Tarsi and Leaf Surfaces. To examine the structures that A.
subplicata uses for attachment, scanning electron micrographs were made of
both adult and larval tarsi. Specimens collected from the study site were fixed
in 3% glutaraldehyde in phosphate buffer and dehydrated to absolute acetone.
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In order to clean off mucus, specimens were agitated in a sonicator, then
cleaned with a fine artist's brush under a dissecting microscope.
Micrographs of S. cordata leaves were made to view the surface structures
that might have influenced the attachment ability of A. subplicata, and also
to quantify how trichome density varied with leaf age. Leaves were first fixed
in buffered glutaraldehyde, post-fixed in 1% phosphate buffered osmium
tetroxide and dehydrated in ethanol.
The leaves, seven adults and seven larvae were critical point dried,
mounted on aluminum stubs with Duco cement and graphite paint, then
sputter-coated with gold. The prepared specimens were viewed under an 18201
Amray scanning electron microscope at 10 Kv.
Leaf hair density was estimated for leaf numbers 1, 3, 5, 7, and 9 from 3
plants by placing a 6,4 mm grid over 102 X 127 mm micrographs of leaf
surfaces at 100X magnification. The number of grid points that crossed leaf
hairs was recorded.
Larval and Adult Attachment. The attachment ability of larvae and
adults on smooth and hairy leaves was tested in the laboratory under three
conditions: no wind, low, and high wind speeds. Salix cordata shoots collected
from Grass Bay were inserted into cork stoppers in 250 ml Erlenmeyer flasks
containing water. The shoots were placed 1.5m from a fan at high speed to
simulate low wind (2.4m/s) and 0.8m from the fan for high wind (3.85m/s).
These wind speeds are comparable to typical field conditions. Average wind
speeds near the shore of Lake Michigan, measured with a digital anemometer,
were 1.6 mrs and 3.7 mrs on two moderately windy days.
During mid-July to early August, 1993, 104 attachment trials were con
ducted with larvae (40 without wind, 40 with low wind, and 24 with high wind)
and 82 trials were conducted with adults (32 without wind, 24 with low wind,
and 26 with high wind). Shoots from 19 separate plants were used. For each
trial one larva or adult was placed on a smooth or hairy leaf. Larvae tended to
be more agitated after handling and were allowed to acclimate for one minute
before being subjected to wind. During the high wind treatment, the fan was
turned on medium speed for the first minute, then on high speed. The insects'
location on the shoot at the time they fell off the leaf or after 10 minutes, and
the time elapsed before falling were recorded.
To determine if time before falling off leaves and movement were affected
by leaf type and wind condition, two-way ANDVAs were conducted separately
for adults and larvae, testing for effects of leaf type, wind condition, and an
interaction between leaf type and wind condition. Data on number of larvae
falling off leaves and moving between leaf types were analyzed with chi
squared tests.

RESULTS
Feeding Preference Test. Larvae and adults showed a strongjreference
for young leaves, specifically leaves 0-5 (Fig. lA, F=40.5, df==( ,666), p <
0.001). The two stages differed in the amount of damage they caused, with
larvae causing significantly more damage than adults Wig. lA, F=9.3,
df=(1,666), p=0.002). More importantly, larvae and adults differed signifi
cantly in how strongly they preferred the younger leaves because of the signif
icant interaction between beetle stage and leaf category (F=6.0, df=(4,666),
p<O.OOl). There was a greater proportional decrease in damage between the
first and second leaf categories for adults than for larvae, thus adults exhib
ited a stronger preference for the youngest leaves (Fig. 1A). However, larvae
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Figure 1. (A) Means and standard errors of percent damage (leaf tissue removed) by A.
subplicata larvae and adults on five leaf categories ranging from youngest leaves (0-5) to
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Figure 2. Electron micrograph of A. subplicata larval adhesive pad and tarsal claw.
xl,040.

almost never fed on the oldest leaves, but adults caused similar amounts of
damage to all leaf categories except the first category (Fig. 1A).
When the preference for young leaves (0-5) exhibited by both larvae and
adults was analyzed separately for leaves 0-2 and leaves 3-5, mean damage
was significantly greater on leaves 0-2 than on leaves 3-5 (Fig. 1B; F=4.6,
df=(1,206), p==0.032). Larvae again caused significantly greater damage than
did adults (F= 18,4, df=(1,206), p < 0.001), but differences between damage on
the two categories of leaves were consistent for larvae and adults (F=0.67,
df=(1,206), p=0,41).
SEM of Insect Tarsi and Leaf Surfaces. The tarsi of larvae are distinctly
different from those of adults. The larval attachment structure consists of a
fleshy adhesive pad adjacent to a single claw (Fig. 2). Cleaning the specimens
under a dissecting microscope revealed a clear and fragile pad which, under
SEM, was seen to have an irregularly folded cuticle and sparse, simple tarsal
setae.
The tarsus of the adult beetle is a complex structure and is composed of
tarsomeres covered with thick clusters of adhesive setae (Fig. BA). The setae
of the third tarsomere have a double-pointed, spatulate adhesive plate, with
setules on the dorsal side of the adhesive plate (Fig. BB). The first and second
tarsomeres have more simple, pointed setae (Fig. BC). In addition, adults have
two divergent, toothed claws beyond the final tarsomere (Figs. 3A).
Electron micrographs of different ages of S. cordata leaves show that the
density of leaf hairs decreases with leaf age (Fig. 4). Counts of trichome densi
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Figure 3. Adult A. subplicata adhesive structures: (A) adult tarsus from third leg,
x1l4, (8) adhesive setae from third tarsomere with enlargement of adhesive plates with
setules (x405; right figure, x3,270) and (e) first, second, and third tarsomeres with
enlargement of simple, pointed setae from second tarsomere (x139; right figure, xl,370).
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Figures 4 and 5. Fig. 4. Surfaces of S. cordata leaves: (A) First leaf. (B) fifth leaf, and (e)
ninth leaf. Micrographs were taken of the center of each leaf next to the mid-vein. x74.
Fig. 5. Surface of smooth S. cordata leaf. xl.270.

ties (number of grid intersections overlaying a trichome) on leaves of 3 plants
showed a clear pattern of decreasing pubescence with leaf age (leaf 1,145.7 ±
17.5; leaf 3,100.0 ± 16.9; leaf 5,82.7 ± 5.8; leaf 7,62.7 ± 25.8; leaf 9,23.0 ±
7.2). Average trichome densites on the youngest leaf were over 6 times greater
than on the ninth leaf.
In order to view the texture of smooth S. cordata leaves, high magnifica
tion micrographs were made of the surface of older leaves. This revealed a
highly reticulated, uneven surface (Fig. 5).
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Figure 6. Percent A. subplicata larvae and adults that fell off leaves from pubescent
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Larval and Adult Attachment. Under all three wind intensities, leaf type
(smooth and hairy) did not affect the number of larvae or adults that fell off
leaves during the ten minute trials (chi-squared tests, P>0.05 for all),
although wind caused more insects to falloff leaves (Fig. 6), both for larvae
(chi-squared=34.6, df=2, P<O.OOl) and adults (chi-squared = 12.1, df=2, p<
0.005). Wind intensity also affected the length of time adults and larvae
remained on leaves before falling off (Table 1). Both adults and larvae
remained on leaves longer under low wind than under high wind conditions
(Fig. 7, Table 1), but the time beetles remained on leaves was only affected by
leaf type for larvae (Table 1). Under low wind conditions larvae fell off hairy
leaves more quickly than smooth leaves (Fig. 7, Table 1).
Wind speed also significantly affected the amount of movement for both
larvae and adults (Table 1). Distance traveled along a shoot (determined by
number of transitions between leaves) was greatest in the absence of wind
(Fig. 8). Leaf type greatly affected the amount of movement for adults, and
there was a significant interaction between leaf type and wind treatment
(Table 1, Fig. 8). In the absence of wind adults tended to climb towards the top
of the shoot when placed on smooth leaves (Fig. 8). Of 16 adults placed on
smooth leaves in the no wind treatment, only three remained on smooth
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Table 1. Results from 2-way ANOVAs of time before Altica subplicata adults and larvae fell
off leaves for the attachment experiment. Only those insects that fell during the to-minute
trials were used for analysis.
Effect
Wind Condition
Leaf Type
Interaction
P
F
F
df
Time before falling
0.001
1,26
Adults
10.4
1,26
1,26
0.00
**
1,28
Larvae
7.2
8.6
1.28
5.0
1.28
**
**
*
No. leaf transitions
Adults
1,76
10.8
2,76
13.0
*** 26.4 2,76
*
*
Larvae
1,98
8.7
0.44
0.62
2.98
2.98
*
* = P < 0.05: ** = p < 0.01: *** = p < 0.001
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leaves. The direction of movement indicates a strong preference for hairy
leaves, hecause larvae and adults never moved from hairy to smooth leaves
(Table 2). Wind greatly reduced the number of adults that moved from smooth
to hairy leaves (chi-squared=21.0, df=2, p < 0.001) and larvae never changed
leaf type during wind treatments (Table 2).

DISCUSSION
Results from the leaf preference test showed that larval and adult A.
subplicata strongly prefer the youngest leaves from S.cordata shoots. Field
observations also confirm a pattern of greater beetle densities and damage on
the youngest leaves. Other studies attribute movement patterns toward
younger leaves and preferences for young leaves to higher leaf nutritional
quality (Phillips 1976, Wilson 1986). Cassin (1989) found higher nitrogen lev
els in young leaves than in older leaves of S. cordata. However, the younger
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Table 2. Number of transitions between leaf types during lO-minute trials for Altica subpU
cata adults and larvae as a function of the leaf type on which insects were initially placed
(smooth or hairy) and wind condition (no wind, low wind, or high wind). S refers to smooth, H
refers to hairy, and "stay" means that insects did not change leaf type during the trial.
Adult Movement
Larval Movement
Wind
S to H
H to S
Stay
S to H
H to S
Stay
4

Smooth
Smooth
Hairy
Hairy
Hairy

Low
High
None
Low

High

10
13

2
1

0
0
0

16

12
12

0
0
0
0
0

20
12
20
20
12

leaves of S. cordata also have higher pubescence and trichomes often hinder
feeding by imposing a barrier to the leaf surface and deterring attachment
(Stork 1980c, Rowell-Rahier 1984, Wilson 1986). Altica subplicata does not
consume S. cordata trichomes, which are devoid of nitrogen and low in water
(Cassin 1989). In fact, in larval development tests in which larvae were fed
smooth and hairy S. cordata leaves of the same age, Milanowski and Bach
(1994) found that larval development was faster and pupae had greater
weights when reared on plants with smoother leaves. Thus, it seems likely
that the nutritional benefits gained by feeding on young, hairy S. cordata
leaves must outweigh the costs of more difficult feeding.
Stork (1980a, b) and Edwards (1982) found that adhesive setae on tarsi of
adult beetles aid in attachment on smooth surfaces but are not effective on
pubescent leaves and glaucous leaves. Similarly, adult A. subplicata were
probably able to feed on older, smooth S. cordata leaves in the preference test
by attaching with their adhesive setae. Stork (1980bJ concluded that molecu
lar adhesion between the setae and the substratum is responsible for beetle
attachment. Pubescent and glaucous leaves do not give the setae proper con
tact with the leaf surface and waxes also are trapped between the setae.
However, the tarsal claws of beetles and other insects have been shown to be
effective for clinging to rough surfaces such as pubescent leaves (Roth and
Willis 1952, Stork 1980a, b, Kennedy 1986, Lees and Hardie 1988). Adult A.
subplicata probably use their tarsal claws to hook on to the dense tangle of
trichomes on young leaves (see Fig. 4AJ. In the field, this method of attach
ment may be more effective than adhesive setae on smooth S. cordata leaves,
due to waxes and minute surface irregularities on the smooth leaves. How
ever, the laboratory attachment experiment indicated that leaf topography
did not affect attachment ability in adults.
The mechanism for attachment of coleopteran larvae is less well under
stood. The adhesive pad of larval A. subplicata may be functionally similar to
the tarsal pulvilli of the potato leafhopper, E. fabae (Lee et at 1986), and the
aphid, Megoura viciae Buckton (Lees and Hardie 1988), and also the euplantu
lae and aroliar pads of cockroaches (Roth and Willis 1952). These studies show
that adherence of pulvilli and euplantulae is most effective on smooth sur
faces. In each case the adhesive organs have fluid secretions that provide an
airtight seal around the adhesive organ which aids in suction. Lees and Hardie
(1988) proposed that surface tension is the adhesive force. The folds in the
adhesive pads of A. subplicata (see Fig. 2) may serve as a reservoir for an
adhesive fluid.
Although the larval adhesive pads appear to be similar to fleshy tarsal
structures of other insects, the proposed attachment mechanisms do not cor
relate with the strong preference of larval A. subplicata for hairy leaves.
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Results from the attachment test show that larvae could attach equally well
to smooth and hairy leaves, based on the number that fell off during the trials.
However, larvae fell off hairy leaves more quickly which supports the conclu
sion that adhesive organs are more effective on smooth surfaces. The prefer
ence for young, hairy leaves may be explained by the pattern of larval feeding
behavior. Larvae burrow into the trichomes to reach the leaf surface and feed,
thus deriving benefit from the ability of trichomes to alter microclimate and
provide a buffer to wind and temperature extremes (Cassin 1989). During the
attachment experiment, larvae may not have had sufficient time to adjust and
begin feeding before being exposed to wind.
Attachment ability can also be assessed in terms of movement patterns
and amount of movement on the host plant. Wind reduced the amount of
movement along the shoot for both larvae and adults; however, leaf type did
not appear to affect ease of movement during wind conditions. The adults
traveled more when placed on smooth leaves during the no wind trials, demon
strating their preference for young, hairy leaves at the tops of the shoots.
Although wind was a significant force in inhibiting attachment and
restricting movement in the laboratory, the more complex flow patterns gen
erated in the field may enable A. subplicata to attach and feed during gusty
conditions. Cassin (1989) found that most larval and adult A. subplicata on S.
cordata are found below a height of one meter. In addition to the warm micro
climate created by the sand, wind speed is also much less near the ground
(Bach 1993), providing a more protected environment for foraging.
In conclusion, attachment ability of A. subplicata is not a strong determi
nant of the observed feeding preferences on its host, S. cordata. Wind caused
more difficulty for larval and adult attachment and movement, but neither
adults nor larvae exhibited improved attachment ability on hairy leaves. The
strong preference for the young, pubescent leaves shows that A. subplicata is
adapted to utilize a food plant that is well armed with trichomes. potential
feeding deterrents. This preference for young. hairy leaves most likely results
from the improved nutritional quality and a more ideal microclimate (Cassin
1989). both of which would lead to faster development and greater survivor
ship.
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SEASONAL PATIERNS OF FLIGHT AND ATIACK OF MAPLE SAPLINGS BY
THE AMBROSIA BEETLE CORTHYLUS PUNCTATISSIMUS (COLEOPTERA:
SCOLYTIDAE) IN CENTRAL MICHIGAN
Stephen W. larsen l , Carol L. Howell 2 , Kurt J. Densmore l ,
and Richard A. Roeper2

ABSTRACT
Window traps with ethanol were used to observe seasonal flight patterns
of Corthylus punctatissimus in central Michigan. Flights peaked in early July
with a second peak seven weeks later in late August. Similarly, wilting of
attacked maple (Acer) saplings began to appear a week after initial Corthylus
flights, and showed twopeaks, one in mid-July and again with another peak,
seven weeks later, in early September. The second peak of activity is presum
ably from reemerged adults, and not a second generation.

The pitted ambrosia beetle, Corthylus punctatissimus (Zimmermann),
infests and kills a variety of woody, deciduous saplings and shrubs within its
range of eastern North America (Finnegan 1967, Roeper et al. 1987a). Life
history, seasonal history and habits have been described (Finnegan 1967,
Roeper et al. 1987b). The beetles infest their hosts as a monogamous pair with
the male initiating a gallery system in the stem at or just slightly below
ground level. The male is joined later by a female. The beetles infest live maple
(Acer) saplings between the ages of 3-12 years with basal diameters of 4-14
mm. The beetles construct a spiral gallery system that cuts off the xylem
water conducting system so that host saphng leaves loose turgidity and wilt.
Wilting occurs so quickly leaf abscission does not occur (Roeper et al. 1987b).
Attacked Corthylus saplings are easily recognized by the wilted appearance of
their leaves. The purpose of this study was to determine the seasonal activity
patterns of this beetle.
MATERIALS AND METHODS
This study was conducted at three woodlots in Gratiot County, Michigan:
Pine River Park in Alma (Arcada Township. TIN, R3W, Sec. 4) with a preaom
inant sugar maple (Acer saccharum) understory; near Sumner (Sumner Town
ship, Tl1N, R4W, Sec. 29) also with a sugar maple understory; and in the
Gratiot-Saginaw State Game Area (Hamilton Township, TIN, R3W, Sec. 14)
with an understory of red maple (Acer rubrum). In Montcalm County, Michi
gan a beetle infestation was observed in a sugar maple understory at the Alma

lScience Department, Ashley High School, Ashley, MI 48806.
2Department of Biology, Alma College, Alma, MI 48801.
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College Ecological Tract near Vestaburg (Richland Township, TI2N, R5W,
Sec. 34).
Flight collections of C. punctatissimus were made using window trafs
filled with ethanol (Roling and Kearby 1975). The window traps consisted 0 a
5 mm thick, transparent Plexiglas pane that was 51 cm high and 22 cm wide.
Each pane of Plexiglas was attached to a funnel with a top diameter of 22 cm.
The bottom of the tunnel was attached to a screw-top lid to which was
attached a 260 ml glass collection jar filled with 95% ethanol. The window
traps were suspended by a nylon cord between larger canopy trees so that the
base of the collecting jar rested on the surface of the ground and the top of the
Plexiglas pane was 90 cm above the ground. The traps were collected at least
three times per week and replenished with fresh ethanol. Two traps were
placed at Pine River Park and two at the Sumner site during 1989. During the
summer of 1990, three traps were placed at Pine River, three at Sumner, and
seven at the Gratiot-Saginaw State Game Area. The total numbers of beetles
collected in all traps per week for both 1989 and 1990 were combined (Fig. 1).
Between June-November 1990, the number of maple saplings recently
infested by C. punctatissimus as evidenced by boring frass and wilting was
monitored weekly at all four sites previously described. Wilting saplings were
lightly marked each week with a different color of spray paint. The total
numbers of new saplings wilting each week from the four sites were combined
and plotted (Fig. 1). The areas monitored were about 1.0 ha at Pine River Park,
0.9 ha at Sumner, 2.2 ha at the Gratiot-Saginaw State Game Area site, and 0.2
ha at the Alma College Ecological Tract.

RESULTS AND DISCUSSION
Male adults of C. punctatissimus accounted for 89% (N = 65) of the total
collected by window traps. Roling and Kearby (1975) reported 93% of the
Corthylus columbianus Hopkins adults collected were males in window traps
with ethanol in Missouri. Finnegan (1967) observed 23% of the collected C.
punctatissimus were males using window traps with water and detergent in
the collecting trays. The sex ratio of C. punctatissimus in galleries was found
to be 1:1 (Roeper et al. 1987b). Adults of C. puncatissimus caught probably
represent flight beetles randomly hitting the Plexiglas and falling into the
funnel and collecting jar. This assumption can be made because some of Cor
thylus caught had their eltrya up with wings unfolded and appeared to be in
active flight. Also, the number of beetles (N = 73) caught in window traps for
1989 and 1990 was far less than the number of saplings attacked (N = 463) in
the same three areas in 1990. Since C. punctatissimus attacks live hosts it is
doubtful the ethanol was attracting them. Other ambrosia beetles attacking
suppressed, cut, or windthrown hosts are attracted to ethanol (Roling and
Kearby 1975).
The first specimens of C. punctatissimus was captured in flight on 30
June 1989 and 27 June 1990. Corthylus flight was much later in the season
compared with other ambrosia beetles (i.e., species of Monarthrum, Xyle
borus, and Trypodendron) in central Michigan, that typically fly during Afril
and May (Roeper et al. unpublished data). Two distinct flight peaks 0 C.
punctatissimus were observed: the first during 2-9 July and the second 7
weeks later during 20-27 August (Fig. 1). Without providing actual data
Finnegan (1967) in Ontario reported a single peak flight of C. punctatissimus
occurring the last few days of June and flight continuing until August.
A total of 631 wilted host maple saplings was recorded from all four sites
during the summer of 1990, the first wilted sapling was observed on 4 July
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Figure 1. Number of Corthylus punctatissimus adults caught per week (1989, 1990) in
ethanol-baited window traps and number of maple (Acer) saplings wilted per week (1990)
due to infestation of C. punctatissimus.

1990. The occurrence of the attacked and wilted saplings also had two distinct
peaks with the first occurring the week of 9-16 July and the second peak
seven weeks later during the week of 27 August 3 September (Fig. 1).
The time difference between the peaks of flight and the observed peaks of
wilted saplings suggested that one week was required by the beetles to exca
vate a gallery system which caused the wilting of the host saplings. This
confirmed observations of dissected galleries of infested hosts (Finnegan
1967, and Roeper et al. 1987b). The numbers of beetles caught in the window
traps and the numbers of infested trees were lower during the second peak.
This would suggest that the second peak was due to the reemergence of the
parental adults to start a second brood rather than the start of a second
generation caused by emergence and subsequent attack of the progeny bee
tles. These observations support those made from examination of gallery sys
tems that parental adults left galleries to start a second brood (Roeper et al.,
1987b).
ACKNOWLEDGMENTS
This study was supported by a grant to Alma College from the W. K.
Kellogg Foundation titled: Science Teacher Preparation Project.
LITERATURE CITED
Finnegan, R. J. 1967. Notes on the biology of the pitted ambrosia beetle, Corthylus
punctatissimus (Coleoptera: Scolytidae), in Ontario and Quebec. Can. Entomol.
99:49-54.

106

THE GREAT LAKES ENTOMOLOGIST

Vol. 27, No.2

Roeper, R. A., D. V. Zestos. B. J. Palik and L. R. Kirkendall. 1987a. Distribution and
host plants of Corthylus punctatissimus (Coleoptera: Scolytidae) in the lower penin
sula of Michigan. Great Lakes Entomol. 20:69-70.
Roeper, R. A., B. J. Palik, D. V. Zestos. P. G. Hesch and C. D. Larsen. 1987b. Observa
tions of the habits of Corthylus punctatissimus Zimmermann (Coleoptera: Scolytidae)
infesting maple saplings in central Michigan. Great Lakes Entomol. 20:173-176.
Roling, M. P. and W. H. Kearby. 1975. Seasonal flight. and vertical distribution of
Scolytidae attracted to ethanol in an oak-hickory forest in Missouri. Can. Entomol.
107:1315-1320.

1994

THE GREAT LAKES ENTOMOLOGIST

107

PREDICTION MODELS FOR FLIGHT ACTIVITY OF THE CRANBERRY
GIRDLER (LEPIDOPTERA: PYRALIDAE) IN WISCONSIN
Stephen D. Cockfield and Daniel L. Mohr'

ABSTRACT
Cranberry girdler. Chrysoteuchia topiaria, was monitored with phero
mone traps in Wisconsin cranberry farms. Cumulative 50% capture was
related to degree-days after first catch using air or soil temperature. An air
temperature of O°C and soil temperature of 2°C were chosen as base tempera
tures for calculation of degree-days because they yielded estimates with the
lowest coefficients of variation. Weibull functions were fitted to the relation
ship between cumulative percent capture and time or degree-days after first
trap catch using air or soil temperatures. The models that predicted the date
of 50% capture were evaluated with data from two other farms. Degree-days
after first catch using soil temperatures predicted 50% catch with less varia
bility than calendar date or degree-days after thaw of ice. but not significantly
less variability than days after first catch or degree-days after first catch
using air temperatures.
The larvae of cranberry girdler Chrysoteuchia topiaria (Zeller) (Lepidop
tera: Pyralidae) feed on many cultivated plants such as turfgrass (Tashiro
1987), lawn grass grown for seed production, conifer seedlings. and cranber
ries (Kamm et al. 1990). In cranberries, larvae feed on underground runners,
eventually causing death of the plants. Outbreaks of cranberry girdler occur
infrequently, but when one does occur, the insects can kill large patches of
vines that take years to rejuvenate (Eck 1990). Control measures are directed
at the young larvae before they cause significant damage. Pheromone traps
are used to monitor adult male emergence (Kamm and McDonough 1982,
Kamm et al. 1990), and insecticides or biological control products are applied
soon after peak flight to coincide with egg hatch (Roberts and Mahr 1986,
Kamm et al. 1990). In Wisconsin, one application of soil insecticide is recom
mended 3 to 4 weeks after peak flight IMahr et al. 1993).
The time of peak catch of cranberry girdler in Washington has been correl
ated with annual degree-days (DO) above 5.5°C (Kamm & McDonough 1982).
This prediction method has been satisfactory for control of the cranberry
girdler on cranberries on the Pacific Northwest coast (Kamm et al. 1990), but
has not been evaluated in other cranberry-growing areas. Also, the Washing
ton DO prediction method does not predict events other than peak catch and
does not indicate how much of the total catch has occurred. It would be helpful
to predict the entire flight activity because of its long duration of up to 8 wks
(Kamm et al. 1990). Such predictions could supplement pheromone trap data
and allow growers to plan the timing of control measures in advance. The
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purpose of this investigation is to establish and evaluate a method of forecast
ing pheromone trap catches for use in pest management programs in Wiscon
sin cranberry farms.
METHODS AND MATERIALS
Flight activity of male cranberry girdler moths was monitored in
1990-1992 on a cranberry farm in Warrens, WI. Data from this site were used
to develop additional prediction methods besides the DD method developed in
Washington (Kamm and McDonough 1982). At the same time, two other
farms, one near Warrens and one near Wisconsin Rapids, were monitored and
the data were used to evaluate all the prediction methods. These sites were
typical commercial farms and received one or two insecticide applications per
year for insect pests other than cranberry girdler. None of the sites had out
breaks of cranberry girdler that needed control. In one bed on each site, three
Pherocon II traps were baited with commercial pheromone (Trece, Salinas,
CAl, and hung just above the cranberry foliage, spaced about 30 m apart, 2 m
from the edge of the bed. Starting in mid to late May, traps were checked
every 2 or 3 d until first catch, then weekly until beds were flooded in autumn.
Lures were changed every 2 wks and traps were replaced weekly or every two
weeks. First catch was estimated as midway between sample dates. The
cumulative number of males caught during the flight period was calculated,
then cumulative weekly catches were expressed as percentage of total caught.
The date of 50% of accumulated catch was estimated by linear interpolation
from nearest data points. Peak catch is not as clear to determine to the nearest
day, but when necessary, peak catch was estimated to have occurred midway
between sample dates during the week of greatest catch.
Daily maximum and minimum ambient temperatures were measured in
white, ventilated shelters placed 0.5-0.75 m above ground on the edge of a
dike next to each bed where traps were monitored. A thermistor recorded soil
temperatures in each bed at a depth of 4 cm.
The Washington method of calculating DD was modified for Wisconsin
conditions before predicting peak catch. Growers in Wisconsin protect plants
during the winter by. flooding the beds and covering the vines with ice,
whereas those in Washington leave the vines exposed. The earliest logical time
to begin accumulating DD in Wisconsin is the first day in spring that the ice is
completely melted and foliage is exposed to the air, usually by early April. The
original Washington model begins accumulating DD at the start of the year.
Alternative prediction methods were sought using the date of first catch as a
starting point, or 'biofix' (e.g., Riedl et al. 1976) to begin calculations. We
looked for the one most accurate, yet convenient. Three predictor variables
were evaluated: the mean number of days from first catch, the mean DD from
first catch calculated with air temperatures, and the mean DD from first catch
calculated with soil temperatures. Degree-days to 50% catch were computed
using ten estimates for base temperature. The base temperature yielding DD
with the lowest coefficient of variation (CV) was chosen as best (Arnold 1960).
Degree·days were calculated by a sine wave function from daily maximum and
minimum temperatures (Arnold 1960, Allen 1976, Higley et al. 1986).
The relationship between accumulation of males in traps and accumulated
days or degree-days was fitted to a Weibull function, a method used to repre
sent the distribution of insects completing a developmental stage over physio
logical time (Wagner et al. 1984):
fix)

= lOO(l_e-txla)b)
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Table 1. Parameter estimates of the Weibull function fit to cumulative percentage of cran
berry girdlers trapped and three independent variables after biofix.
Independent
variable

airDD
soil DD

Parametera
a
b
a
b
a
b

Estimate
1.91
561.8
2.07
501.2
2.08

aparameters a and b in the following equation: Y

Asymptotic
SE

Asymptotic
95% CI

0.19
13.4
0.15
10.2
0.12

1.53-2.29
534.4-589.1
1.78-2.37
480.4-521.9
1.83-2.33

lOO( 1-e-(xla)\

where x = accumulated days or DD from first catch, and a and b are parame
ters that determine the breadth and skewness of the distribution. Parameters
were estimated using nonlinear least squares regression (SAS Institute 1988).
Data sets from other farms were used to evaluate the prediction methods.
The difference between the predicted date of 50% or peak catch and the
observed date was calculated for each data set, then the standard deviations
and variances of the differences were calculated. The prediction method with
the lowest variance was judged best. Two variances were determined to be
significantly different by an F-test of their ratio (Walpole and Myers 1978).
RESULTS
At the first site in Warrens, the mean Julian date of 50% catch was 178. A
mean of 23 days elapsed from the date of first catch to the date of 50% catch
(Table 1). In a model that used soil temperatures to calculate DD, the base
temperature yielding predictions with the lowest CV was 2°C. With that base
temperature, a mean of 431 DD accumulated between first catch and 50%
catch. In a model that used air temperatures, the base temperature yielding
the lowest CV was O°C and a mean of 477 DD accumulated between first and
50% catch.
Few cranberry girdlers were trapped at the second site in Warrens in
1990, so only five data sets were used for evaluation. The mean calendar date
for predicting 50% catch was the least accurate method. The mean error was 
5.5 d (range = -15 to +5 d, (J = 78.4 dl. The soil temperature model was
apparently the most accurate, with a mean error of + 0.6 d (range::: ·1 to + 5 d,
(J = 6.3 d). The variance associated with the mean calendar date was signifi·
cantly higher than the variance associated with the soil temperature model (F
= 11.9; df = 4,4; P > 0.05). The modified Washin~on model (Kamm and
McDonough 1982) predicted the time of peak catch WIthin a mean error of +6
d (range = ·1 to +5, (J = 40.6 d). The variance of the errors was also signifi
cantly higher than that of the soil temperature model (F ::: 4.3; df = 4,4; P >
0.05). The model that used air temperatures was not significantly less accu·
rate than the one that used soil temperatures. That model was in error by a
mean of 0.02 d (range = ·2 to +5, (J = 8.5). The simplest model, the one that
used time and not temperature, was in error by a mean of -0.6 d (range::: -5 to
+ 5, (J = 19.3 d). It also was not significantly less accurate than the soil
temperature model.
A Weibull function depicted the sigmoid shape and Ilositive skewness of
the percentage of males trapped as a function of soil DD (Fig. 1). The function
depicted the trends for the sprayed marshes as well (Fig. 2). Because soil
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Figure 1. Plot of raw data and fitted model (curve) for the cumulative percent capture
of male Chrysoteuchia topiaria as a function of soil degree-days, base 2°C, after first
catch. Data are from an unsprayed cranberry marsh in Warrens, WI during (0) 1990, (X)
1991, and (~) 1992.

temperatures are not often measured on farms, parameter estimates are pre
sented for functions of two other independent variables: time and air DD
(Table 1).
DISCUSSION
Consultants and growers can predict pheromone trap catches in a number
of ways. On farms where flight is monitored and first catch can be determined,
the most convenient method is to predict trap catch far in advance by using
the time elapsed after first catch. Then, if air or soil temperatures are avail
able, they can be used to predict catch up to the current date, to supplement
the data from the pheromone traps.
The base temperatures of 0 and 2°C do not match any developmental
threshold of a stage of cranberry girdler reported by Roberts and Mahr (1986),
which ranged from 6.8 to 9.8°C. The DD methods used here are empirical
correlations based on field data and may not relate directly to experimentally
derived developmental thresholds or rates_ These methods do, however, pro
vide reliable predictions of flight activity in the field in Wisconsin (Fig. 2).
The relationship between flight activity. oviposition, and hatch needs to
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Rapids during 1990 (~),1991 (0), 1992 (0).

be documented for best use of the traps and predictions. It is not known how
close peak flight or 50% catch are to peak oviposition, although current pest
management practices assume peak oviposition and peak flight coincide
(Roberts and Mahr 1986). Until oviposition can be documented, and as long as
recommendations rely on observing peak flight, using a predictive model will
increase a grower's or consultant's ability to anticipate future dates for apply
ing controls.
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THE AGE STRUCTURE OF A POPULATION OF AEDES PROVOCANS
(DIPTERA: CULICIDAE) IN SOUTHWESTERN ONTARIO
Stephen M. Smith and Richard M. Kurtzl,2

ABSTRACT
In a previous paper it was shown that an eastern-Ontario population of
the early-spring mosquito Aedes provocans had an atypical age structure: the
adult-female population aged rapidly and synchronously, achieving an
advanced gonotrophic age in an unusually brief period of time. The present
study examined the age structure of Ae. provocans near Waterloo, in south
western Ontario, at a site at which adult emergence occurred over a wider,
more variable period and at which the preferred nectar sources for young
adults were much less abundant. In Waterloo, the adult-female population
aged more slowly and much less synchronously than in eastern Ontario. The
role of resources, particularly nectar, in leading to delayed aging, is discussed.

In a study of a population of the early-spring mosquito Aedes provocans
(Walker) in eastern Ontario, Gadawski and Smith (1992) reported rapid and
synchronous gonotrophic aging of the adult females. In each of two seasons,
the population achieved complete parity (all females had laid eggs at least
once) in a remarkably brief period, a pattern that was unusual for Aedes
populations, which typically age more gradually and much less synchro
nously. Gadawski and Smith (1992) attributed this unusual aging pattern to
three features: (1) a brief emergence period; (2) the nearby abundance of impor
tant nectar sources, especially Prunus spp. that bloomed during and shortly
after the emergence period; (3) the nearby abundance of blood-meal sources
(cattle). The abbreviated emergence pattern may be a characteristic of the
species, and Ae. provocans may be unusually efficient at finding and exploit
ing nectar and blood resources. Alternatively, all three features might be
spatially random variables. Gadawski and Smith (1992) espoused the random
variable explanation and hypothesized that the ready availability of nectar at
the study sites and the frequency with which it was used by nulliparous
females were responsible, in part, for the rapid gonotrophic aging of the popu
lation. That hypothesis predicts that populations in areas that have less
abundant or less-preferred nectar sources should age more slowly and less
synchronously. The present study tests that hypothesis by examining the age
structure of a population of Ae. provocans in an area subject to intensive,
modern agriculture, an area in which many of the hedgerows, so common in
eastern Ontario, have been destroyed and in which, therefore, the nectar
sources preferred by recently emerged Ae. provocans are much less abundant.

Inept. of Biology, University of Waterloo, Waterloo, ON, Canada N2L 3Gl.
2Present Address; Huntington High School, Oakwood and McKay Roads, Hun
tington, NY 11743.
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MATERIALS AND METHODS
The 50-ha study site (43°28' N; 80°37' W; UTM: 17TNU307123) was
situated in Wilmot Township, about 8 km west of Waterloo, ON. The site
comprised a complex of mature beech-maple forest. cedar lowlands, and aban
doned pastures, and contained a diversity of woodland, pasture and roadside
pools. both temporary and permanent. White-tailed deer were locally abun
dant and a small herd of cattle was within 700 m of most of the breeding sites.
Prunus pensyivanica, the preferred nectar source for recently emerged Ae.
provocans, was present in the study site but at only two locations; it was not
distributed equitably or commonly across the site as was the case in eastern
Ontario (Gadawski and Smith 1992). Prunus nigra, an earlier-blooming and
important nectar source in eastern Ontario (Gadawski and Smith 1992) was
not present in the Wilmot study area.
Field studies were conducted from May-July in 1982 and 1983. The dates
and patterns of emergence of female Ae. provocans were determined using
floating emergence traps placed on a variety of pools and habitats (7 sites in
1982; 4 in 1983), representative of the pool types in the study area. Two traps
were placed on some large pools. Traps were emptied in the morning and
evening each day and monitored until no emergence had occurred for 14 d.
Adults were identified using Wood et al. (1979). Population density of host
seeking females was monitored by a standardized (same host in the same
clothing on moderate (temperature 2: lOOC), windless evenings) human-bait
catch (Service 1976). Host-seeking females were aspirated from a human host
situated at the edge of a deciduous-coniferous woodlot. Sampling was carried
out every 1-4 evenings until Ae. provocans no longer came to bite. Collecting
began 30 minutes before sunset and continued until sunset (1982) or for 40
min (1983). Females were refrigerated upon collection and examined within 12

h.

Mosquitoes were dissected in a saline solution (Hagedorn et al. 1977) to
which a small quantity of liquid detergent had been added to facilitate wet
ting. The ventral esophageal diverticulum (crop) was removed and the nectar
quantity it contained was scored on the following ordinal scale: large (> 2 ILl);
moderate (0.5-2 ILl); small « 0.5 ILl) and none (0 ~). Gonotrophic age was
assessed by the Polovodova (1949) technique. The developmental stage of the
terminal ovarian follicle was scored using phase-contrast microscopy accord
ing to the scheme in Watts and Smith (1978).
Exact 2-sided confidence limits for proportions were computed with the F
distribution, using the technique described in Pollard (1977). Age structures
and nectar ranks within years were compared using a log-likelihood-ratio G
test (Sokal and Rohlf 1981). A hierarchical log-linear model was used to
explore the relationships of crop volume, follicular stage and parity; models
were fit hierarchically using backwards selection. The maximal probability of
a type-1 error was set at 0.05 for all hypothesis tests.
RESULTS
The immature stages of Aedes provocans did not occur in pasture or
permanent pools; they were found only in temporary pools in deciduous or
mixed, deciduous-coniferous forest, or in roadside pools bordering forest.
Emergence was variable across these sites, both in the time of onset and the
variance; the 1983 season was somewhat later and much more variable than
the 1982 season (Fig. 1). In 1983, one of the sites produced a late second brood
(Fig. 1). In many sites the emergence pattern was markedly right skew, with
small numbers of individuals emerging many days after most (95%) of the
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Figure 1. Emergence periods of female Aedes prouocans in several breeding sites in
1982 and 1983. The solid bar portrays the range of emergence dates in a pool; the left
arrow beneath a bar indicates the median emergence date; the right arrow indicates the
95th percentile. Sample sizes are given in parentheses. Mixed woodland is deciduous
coniferous forest.

population had emerged. In 1982, over all sites, 95% of the emergence was
completed in about 11 d; in 1983, ignoring the small second brood, 95% of the
emergence was completed in about 14 d (Fig. 1).
In 1982, blood-seeking females were first observed on 13 May, 6 dafter
the onset of emergence; females continued to seek blood for 54 d (Table 1). In
1983, blood-seeking females were first observed on 21 May, 9 d after emer
gence had begun; biting females were encountered for 51 d (Table 1). All early
season host-seeking females were nUlliparous. Parous females were first
encountered 13 d (1982) and 23 d (1983) after the onset of host seeking, but
complete parity of the population was not achieved for 31 d (1982) and 32 d
(1983) (37 and 41 d after the beginning of emergence) (Table 1). In both years,
biparous females were encountered while nulliparous females were still
present in the population, and nulliparous females reappeared after the popu
lation had achieved 100% parity (Table 1). Uniparous females were encoun
tered until the end (1982) or almost the end (1983) of the season. Some late
season host-seeking females were biparous, but triparous females were rare
(Table 1).
In each year, the density of host-seeking females was noisily multimodal
(Figs. 2, 3). With the exception ofthe first peak in 1982 and the first 2 peaks in
1983, which comprised only nulliJilarous females, the biting population at any
one time was of mixed gonotrophic age, and the peaks in biting activity could
be only coarsely related to the successive appearance of nulli-, uni- and bipa·
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rous females. In each year, the first peak in biting activity coincided closely
with the flowering time of Prunus pensylvanica (Figs. 2, 3). In 1982, the initial
peak of biting by nulliparous females occurred near the end of the emergence
period (Fig. 2) whereas in 1983, the two initial peaks of biting by nulliparous
females occurred many days after most emergence was completed (Fig. 3).
Host-seeking females were predominantly at follicular stage lIa or lIb
(Fig. 4). Females with early-stage follicles (Ib) were rare, and few females in
advanced stages of oogenesis (III-V) were found, and only in 1983. Most
females came to bite with the terminal ovarian follicles in stage II; evidently, a
single blood meal was usually sufficient for oogenesis in Ae. provocans.
In exploring the relationships among parity, ovarian stages and stored
carbohydrates, the frequency of sparse cells was reduced by excluding females
in ovarian stages III-V and by pooling nectar ranks 2 and 3 (few females
contained > 2 1'1 of stored carbohydrate in the crop). In the resulting 4-way
table (2X2X3X3; year, parity, ovarian stage and crop rank), the 4-way inter
action was highly significant (G 4 =43.2, p«O.OOOl), due to marked differences
Table 1. Gonotrophic age structure of a population of Aedes provocans near Waterloo,
Ontario.
% in each gonotrophic cycle 6
D ay8
n
1
2
3
Date
0
1982
13 May
15 May

27 May

20

34

100.0~3g:~
100.0~ g:g
100.0~lg:g
100.0~lg:?
100.0~lg:~
96.0~ ~:~
70.6~l!:~

30 May

23

34

47.1~m

1 June

24

52

3 June

26

31

6 June

29

90

30.8~l6:~
22.6~lg:~
13.3~ ~:~

6

10
37

17 May

8
10

20 May

13

21

25 May

18

22

26 May

19

50

17

23.3~1~:f
12.5~1~:~
0.0
0.0

8 June

30

43

10 June

32

40

13 June

35

17

16 June

38

6

20 June

42

6

21 June

43

21

23 June

45

24

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0
0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0
0.0

4.0~

g

29.4~l~:6

0.0

52.9~Hj
69.2~gj

0.0

0.0

0.0

0.0

77.4~l~:g
85.6~ ~:~
76.7~lU
87.5~lt~

0.0

0.0
0.0
0.0

100.0~&g
100.0~4g:g

0.0

0.0

0.0

0.0

0.0

0.0

26 June

48

22

0.0

27 June

49

4

0.0

29 June

51

1 July

53

6

0.0

5 July

57

6

0.0

66.7-t:~8:g

7 July

59

0.0

100.0~9n

0.0

0.0

6:g

0.0

83.3~~~:~
66.7~l~:~
100.0~1~:g
86.4~lg:~
100.0~6g:g
100.0~9~:g
83.3~~~j

16.7~1B
28.6~~~:g

1.1 ~
0.0

4.8~1~:~
0.0
9.1 ~2g:~
0.0
0.0

0.0
0.0
4.5~1:.1

0.0
0.0

16.7~tB

0.0

33.3-t:~H
0.0

0.0
0.0
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Table 1. Continued.

~____
0

10

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

28 May

16

20
32

2 June

21

54

100.0~3g:g
100.0~lg:g
100.0~lg:g
100.0~ g:g

5 June

24

42

100.0+ g:~

21 May
24 May

9
12

% in. each gonotrophic cycIe~

n

1

2

3

7 June

26

17

100.0~lg:g

0.0

0.0

0.0

8 June
10 June

27

45

100.0+ ~:g

0.0

0.0

0.0

29

0.0
13.0+ 1

0.0

0.0

15 June

34

60

0.0

36

50

31.7~i3:g
98.0~ A:i

0.0

17 June

100.0~ ~:?
87.0~lg:g
68.3~ll:~
2.0~ tg

0.0

32

50
46

0.0

13 June

0.0

0.0

20 June
22 June

39

50

92.0~ ~:~

0.0

41

50

24 June

43

26 June

45

47
14

28 June

47

40

1 July
3 July
6 July
8 July
10 July

51

16

0.0

53

3

0.0

56

11

0.0

58

2

0.0

0.0

60

2

0.0

0.0

H

6.0~lg:~
0.0

92.0+ ~:g

2.0+ t~
8.0~1l:¥

0.0

91.5+ ~:b

8.5+1~:fi

0.0

64.3~~~:~
67.5~i~:~
100.0~2g:~
66.7-+:'i~:~
72.7~~U

21.4~~g:~
27.5~1~:~

0.0

14.3+2~:~
2.5~ln

0.0

0.0

2.5:t'W
0.0

33.3-+:'~~:~

0.0

27.3~~~:~

0.0

100.0-+:'B~:g
100.0-+:'B~:g

0.0

0.0

8Number of days after initial emergence.
bNumbers following the percentages are the values to derive upper (superscript) and lower
(subscript) confidence limits for the percentages.

between the two years, so further analysis was restricted to within-year
tables. In 1982, the best-fitting model (G s =11.3,p=0.18) included the interac
tions parity X ovarian stage and parity X crop rank). In terms of the stage of
the terminal ovarian follicle, parous females were at significantly earlier
stages of ovarian development than were nulliparous females (G lO =59.5,
p«O.OOOl) and parous females had significantly larger carbohydrate stores
(G lO =21.9, p=0.016) (Fig. 3). The relationship among these 3 variables was
more complex in 1983; the 3-way interaction was highly significant (G'l=83.8,
p«O.OOOl). Thus, for example, the quantity of stored carbohydrates differed
between parous and nulliparous females in a manner that differed across
ovarian stages (Fig. 4). Ignoring parity and ovarian stage, females in 1983 had
significantly smaller nectar stores than did females in 1982 (G 2 =72.1, p«
0.0001), largely attributable to the very high frequency in 1983 of females
with empty crops (Fig. 3).
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Figure 2. Biting index of Aedes provocans at Waterloo in 1982. Integers next to data
points are sample sizes. Days on which the sample size was zero are not shown (3
collections before 13 May 1982; 4 after 7 July 1982). The solid bar indicates the flower·
ing period of the important nectar source Prunus pensylvanica. The hatched bar indio
cates the period over which 95% of the emergence occurred.

DISCUSSION
There are many accounts of the age-structure of mosquitoes but few stud
ies of the geographical or temporal variability of age structure within a spe
cies. The age structure of Ae. cinereus Meigen at a site in Byelorussia
(Shlenova and Bei-Bienko 1962) differed from that of the same species in
Ivanovo, only a few hundred km distant (Volozina 1958). In contrast,
Magnarelli (1977) concluded that the age structure of three Aedes species in
New York and Connecticut did not differ; however, a statistical reexamination
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Figure 3. Biting index of Aedes provocans at Waterloo in 1983. Integers next to data
points are sample sizes. Days on which the sample size was zero are not shown (3
collections before 21 May 1983; 2 after 10 July 1983). The solid bar indicates the flower
ing period of the important nectar source Prunus pensylvanica. The hatched bar indi
cates the period over which 95% of the emergence occurred.

of the data for two species (Ae. canadensis (Theobald] and Ae. stimulans
(Walker]), suggests that the age structures might have differed across locales.
A priori, temporal and spatial variability in age structure would be expected,
but there may be important species-dependent factors that could dampen
spatial or temporal variances. In eastern Ontario, an Ae. provocans popula
tion aged rapidly and highly synchronously in each of two years (Gadawski
and Smith 1992). Only three peaks of biting activity were detected and each
peak corresponded almost perfectly to a single gonotrophic age (nulli-, uni·
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and biparous females) (Gadawski and Smith 1992). The time between the
appearance of the first parous female and the attainment of 100% parity in
the population was very nearly equal to the duration of the emergence period,
suggesting that virtually the entire population was aging gonotrophically at
the same rate and that, therefore, females encountered no difficulty in obtain
ing resources (nectar, mates, blood, oviposition sites). The present study has
shown that this pattern of gonotrophic aging in Ae. provocans is site and
possibly time specific.
In the present study, the adult-female population of Ae. provocans aged
more slowly and more asynchronously than was found in eastern Ontario, and,
overall, the population did not attain the same advanced gonotrophic age
(Table 2). As well, there were marked differences in the gonotrophic-aging
profile between the two years. 100% parity was not achieved until 37-41 d
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Table 2. Some features of gonotrophic aging in two populations of Aedes provocans.
ParityO (%)
DayR when
Duration (d) of
First
Host
100%
2
n
Location
Year EmergenceC seeking parous parous
0
d
38
17
352 28.4 54.5 17.1
11
Belleville
1978
5
7
41
17
27
907 35.4 53.2 11.4
1979
Waterloo
1982
11
51
19
37
595 42.4 56.3
1.3
1983
14
54
32
41
661 54.2 41.1
4.8
RDays after the first day of emergence.
bProportion of the entire season's catch of host-seeking females of a given gonotrophic age.
cTime to 95% emergence.
dFrom Gadawski and Smith (1992).

after the beginnin~ of emergence, in contrast to 17-27 d observed in eastern
Ontario (Gadawskl and Smith 1992). In the present study, biparous females
were encountered at a time when nulliparous females were still present in the
population (Table 1), a situation not found in eastern Ontario. In the Waterloo
population, multiple peaks of biting activity occurred within a single gono
trophic cycle whereas, in eastern Ontario, each gonotrophic cycle appeared as
a single peak in the hostseeking jopulation. In both years at Waterloo,
lengthy periods (19 and 32 d) elapse between the beginning of emergence and
the appearance of the first parous female in the population; in 1982, a further
18 d then elapsed before the entire population was parous whereas in 1983, the
population became 100% parous in only 9 d (Table 2). To what extent are these
differences attributable to phenologies and resource availability?
In eastern Ontario, the emergence period of Ae. provocans was brief (95%
complete within 5-7 d). In western Ontario, in contrast, emergence of Ae_
provocans was both more prolonged (11-14 d) (Table 2) and variable across
sites (Fig. 1). As compared to the host-seeking population of Ae. provocans
near Belleville (Smith and Gadawski 1994), the Waterloo population had si~
nificantIy smaller nectar stores; the difference was particUlarly marked In
1983 (1982: Ga=29.0, p«O.OOOI; 1983: Ga=I08.2, p«O.OOOI). In the Belleville
study, some females with nectar rank 0 were subsequently moved to nectar
rank 1 as a result of a cold-anthrone test, but the site difference in nectar
stores persists even if the comparison is restricted to females with nectar
ranks 2 and 3 (1982: G 1 =24.47, p«O.OOOI; 1983: G\ =33_75, p«O.OOOl). Nectar
resources may therefore have been more limiting In western as compared to
eastern Ontario; certainly, one of the important early-spring nectar sources
(Prunus nigra) was not present in the Waterloo site and P. pensylvanica was
relatively uncommon. It is reasonable to assume that oviposition sites were
not limiting in either locale; pools were abundant and close by in both sites.
We have no quantitative data on the relative availability of blood-meal
sources in the two sites but cattle and deer were locally abundant in each site.
Thus, the western·Ontario sites were characterized by a longer and more vari·
able emergence period and. especially in 1983, may have exhibited a marked,
relative shortage of nectar resources.
At least some of the noise in the biting cycles at the Waterloo site is
undoubtedly attributable to the greater duration and variance of emergence in
western as compared to eastern Ontario. Whereas the breeding sites for Ae.
provocans in Belleville were snowmelt pools in deciduous woodland, at Water
100 the species was found in pools in both deciduous and coniferous woodland
as well as in roadside pools bordering wooded areas. Not unexpectedly, this
greater diversity of breeding sites contributed to a more heterogeneous emer·
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gence pattern. The multiple peaks within a gonotrophic cycle may have heen
due to the host-seeking activities of cohorts of females derived from hreeding
sites with different phenologies.
The emergence pattern, however, does not adequately account for the
generally longer period of time for the Waterloo populations to age gono
trophic ally and it cannot account for the very large between-year difference in
aging pattern. In 1983 particularly, gonotrophic aging was severely retarded,
32 d elapsing hetween the beginning of emergence and the appearance of the
first parous female. Thereafter, however, gonotrophic aging was exceedingly
rapid. It is possible that the relative nectar shortages detected in the host
seeking population in 1983 were reflected in a failure of females to find blood
meal sources as rapidly as they did in 1982, or as rapidly as was the case in
eastern Ontario.
Although the average western-Ontario female of Ae. provocans was gono
trophicallY younger than a female from eastern Ontario, in terms of calendar
age, the opposite condition obtained. The flight season for females in western
Ontario was considerably longer than that of females in eastern Ontario (Table
2). This suggests that important mortality events are associated with blood
feeding, during the act of blood-feeding itself, during post-blood-meal oogene
sis, or at oviposition.
Although the western-Ontario population of Ae. provocans aged more
slowly than a population in eastern Ontario, compared to other Aedes mos
quitoes, the population nevertheless aged in a relatively rapid fashion. Most
populations of north-temperate Aedes mosquitoes age slowly and sometimes
erratically (see discussion in Gadawski and Smith 1992); some populations
never attain 100% parity in spite of lengthy flight seasons (Packer and Corbet
1989). In contrast, Ae. provocans populations always achieved 100% parity
and substantial portions of the population completed more than one gono
trophic cycle. That differences in aging patterns of Aedes mosquitoes are not
exclusively a function of the local availability of blood-meal sources is illus
trated by studies in which populations aged slowly in the presence of abun
dant hosts (Service 1977). It may be that the critical resource that determines
the rate at which populations of snow-melt Aedes age is nectar and not blood.
Studies of the mechanisms by which mosquitoes find and utilize nectar
resources and the impact of the varying efficiencies of those mechanisms
could be very rewarding.
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STRAW ITCH MITE, PYEMOTES TRITICI, INFESTATION IN BROME SEED
RELATED TO ACUTE DERMATITIS IN MICHIGAN GRANARY WORKERS
Edward D. Walker) and Douglas A. Landis2

ABSTRACT
An infestation of Pyemotes tritici, the straw itch mite, apparently caused
dermatitis on the arms and trunks of four workers in south-central Michigan
who had unloaded a shipment of brome seed bags. Sampling of bag surfaces
and contents indicated that mites occurred inside and on the surface of brome
seed bags, but not in bags of other seed present at the site. One bag of fescue
in contact with brome seed bags had mites on its surface. Plemotes tritici
densities on the brome seed bags ranged from 0.7 -5.6 per cm , while infesta
tions in brome seed ranged from 0.08-0.33 mites per ml of seed. An insect
repellent containing DEET was effective in preventing mite bites.
Straw itch mites, Pyemotes tritici (Lagreze-Fossat and Montagne) are
obligate ectoparasites of insects inhabiting straw and stored products (Bruce
and LeCato 1979). These tiny « 0.25 mm in length) mites secrete a toxin from
glands, located at the base of the pedipalps, that paralyzes prey, thus allowing
the mites to feed undisturbed while attached to their hosts (Tomalski et al.
1988). Although P. tritici parasitizes insects, it may also bite humans under
conditions where there is mite-human contact, such as when people sleep on
mite-infested straw or handle infested grains, beans, or grasses (Booth and
Jones 1952, Scott and Fine 1967, Moser 1975, Harwood and James 1979,
Muttrie and Anderson 1984). The result of bites is a temporary wheal that
becomes inflamed and itches; taken together, many bites yield an unpleasant,
rash-like dermatitis (Swan 1934). Some people may show systemic symptoms
including dizziness, fatigue, and aching joints (Muttrie and Anderson 1984).
Infestations of straw itch mite or other Pyemotes spp. affecting people
have occurred in widespread locations, including Australia (Swan 1934), the
midwestern U.S. (Booth and Jones 1952), Hawaii (Vaivanijkul and Haramoto
1969) and Scotland (Muttrie and Anderson 1984). Incidents of human expo
sure to straw itch mites may be common, but are poorly documented (Har
wood and James 1979). Recently, we observed dermatitis among workers in a
wholesale seed warehouse and distribution facility in south-central Michigan.
The dermatitis was apparently associated with straw itch mites.
On 19 August 1992, the facility received a shipment of brome seed in 50
lb. bags, via commercial semi-truck, from Kansas City, Missouri. Four work
ers unloaded the bags by hand and stacked them in a warehouse. Other bags
of grass seed from previous shipments were already present. The following
day, the four workers developed intensively-itching rashes on their arms and

IDepartment of Entomology, Michigan State University, East Lansing, MI 48824.
2Department of Entomology and Pesticide Research Center, Michigan State Uni
versity, East Lansing, MI 48824.
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Figure 1. Distribution of stacks of seed bags and location of surface and probe sam
pling sites in a seed processing and distribution warehouse in south·central Michigan, 4
September 1992. Circled sites indicate the presence of Pyemotes tritici in probe or
surface samples.

trunks. One worker sought medical attention and was treated with topical
lindane (Quell™). The warehouse foreman contacted the brome seed supplier
in Kansas City, Missouri, who indicated that the rashes were caused by
"brome mites" in the seed, and that this was a common problem when working
with brome. Subsequently, the foreman contacted us and asked for an investi
gation of the problem.
We visited the facility on 4 September 1992. The establishment was clean
and well organized. Seed bags were stacked on pallets in a receiving ware
house with a cement floor. Varieties included several grasses (timothy, brome,
fescue, rye, and orchard) and clover. The distribution of the stacks is shown in
Fig. 1. We sampled the grain bags using two methods. First. we wiped pieces
of clear adhesive tape of known length (range, 6.4-8.6 cm) and width (1.9 cm)
over 10 cm 2 of bag surface, removed them, and placed them into vials. Second,
we inserted a 1/2" diam. seed probe (Seedburo) into bags of brome, fescue, and
timothy, removed the seed sample, and poured the sample into vials. Vials
with tape or seeds were filled with 70% ethanol. In the laboratory, material
from sample vials was placed into p'etri dishes and sorted under magnifica·
tion. Mites were counteu and identIfied (Baker et al. 1956, Cross and Moser
1975). Volume of seed per core sample was measured in a volumetric gradu
ated cylinder. The number of mites per square centimeter of tape or volume of
seed was calculated.
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To measure the efficacy of a repellent (Deep Woods OFFTM containing
30% concentration of N,N-diethyl-meta-toluamide or DEET) to prevent straw

itch mite bites, one of us applied repellent as a spray to exposed skin and
clothing before entering the facility, while the other did not. The following
day, we counted the number of mite bites on the arms and mid-section of the
body of both people.
We observed female P. tritici on surface (tape) samples from 5/5 (100%)
brome seed bags, but only 118 (12.5%) bags of other seed varieties. The single
tape sample with P. tritici that did not come from a brome seed bag, was from
the surface of a bag of fescue seed located directly adj acent to, and in contact
with, the brome bags (see Fig. 1). The total number of P. tritici taken on tape
samples from brome bags was 276, while the total number on tape samples
from the fescue bag was 5. The mean density of P. tritici on brome bags was
3.7 per cm2 (range, 0.7-5.6 per cm2). The mean density of P. tritici on bags of
other seed varieties was 0.04 per cm2 (range, 0.0-0.3 per cm2). There was a
significant difference in P. tritici densities between brome and other seed bags
(Mann-Whitney U-test, U = 40, P < 0.005). In core samples, 3/3 (100%) of
brome samples yielded P. tritici (8 mites total), while probes in 3 fescue seed
and one timothy seed bag yielded no mites but did yield 17 individual Psocop
tera. The volume of brome seed core samples ranged from 9 12 ml, while the
volume of other core seed samples ranged from 12 -15 ml. The mean density
of P. tritici in brome seed core samples was 0.19 per ml (range, 0.08 -0.33 per
ml). There were too few P. tritici for statistical comparison of core samples.
Besides P. tritici and Psocoptera, surface and probe samples contained no
other arthropods.
On the day following sampling, the person that had used repellent had no
mite bites. The person who had not used repellent had 20 chigger-type, inten
sively itching bites on both forearms and around the navel. A warehouse
worker who subsequently moved infested bags also applied repellent (Deep
Woods OFFTM containing 30% concentration of DEET) before handling. He
reported no bites on areas sprayed with repellent (arms and front of chest).
However, he did receive 6-8 bites on his back and sides, where repellent was
not applied.
The sampling data indicate that P. tritici occurred mainly on the surfaces
of the bags of brome seed that had been imported from Kansas City. The other
bags of seed had no P. tritici on surfaces or in seed core samples, with the
exception of a single fescue bag where 5 P. tritici were found on a surface
sample. Because the fescue and brome bags were adjacent and touching at
that sampling point, we believe that these mites had simply moved from the
brome bags to the fescue bags. Core samples yielded few mites compared to
surface samples. Probably, mites had left the brome seed bags because of a
lack of prey, and were moving about on the surfaces of the bags. Among the P.
tritici (all females), none had a distended hysterosoma containing eggs, fur
ther suggesting that the mites lacked prey in the seed bags and had moved to
the outside of the bags, perhaps in search of prey. Therefore, we believe that
the workers handling the bags during unloading were exposed to P. tritici
bites, and then developed the dermatitis conditions described earlier.
Although not a replicated experiment, our experience with a repellent at
the warehouse indicated that DEET was effective in preventing straw itch
mite bites.
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