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ABSENCE OF BEHAVIORAL INDUCTION IN OVIPOSITION PREFERENCE
OF PAPILIO GLAUCUS (LEPIDOPTERA: PAPILIONIDAE)
J. Mark Scriber!

ABSTRACT
This study addressed the possible behavioraHnduction effects of previous
exposure to several specific host plants on subsequent host "preference hierar
chy" and "specificity" (i.e.. how far down the ranking order a female will go) in
the most polyphagous swallowtail butterfly in the world, Papilio glaucus
(Papilionidae). Multi-choice preference bioassays using individual females in
revolving arenas were used to assess one of the potentially most significant
non-genetic sources of variation: learned (or induced) oviposition preferences.
Results of the 4-choice studies using tulip tree (Liriodendron tulipifera; Mag
noliaceae), black cherry (Prunus serotina; Rosaceae), quaking aspen (Populus
tremuloides; Salicaceae), and hoptree (Ptelea trifoliata; Rutaceae), fail to show
any significant oviposition preference induction with two-day prior exposure
to any of the host species tested. It appears that the eastern tiger swallowtail
butterfly, while polyphagous as a species (feeding on more than 9 families of
plants), and variable in its population responses to oviposition favorites, has
what may be considered a genetic "hard-wiring" at an individual level, with no
evidence that preferences change with recent oviposition experience. Older
females were not and did not become more random in their choices, and in fact
increased in their specificity for tulip tree leaves.
Preference induction by previous exposure to a particular host plant has
been reported for various lepidopterous larvae (Jermy et al. 1968, Hanson
1976, Greenblatt et al. 1978, Barbosa et aL 1979, Wiseman and McMillian
1980) and also for some ovipositing adults (Papaj and Rausher 1983, 1987;
Stanton 1984, Traynier 1984,1986; Papaj 1986). In other insects, prior expo
sure to one specific resource has been reported to enhance a female's tendency
to oviposit on that resource; including Diptera (Jaenike 1982, 1988; Prokopy
et al. 1982, Hoffman 1985, Cooley et al. 1986), Coleoptera (Mark 1982,
Rausher 1983), and Hymenoptera (Vinson et al. 1977, Vet and vanOpzeeland
1984, Wardle and Borden 1985). Modification of the "specificity" of oviposi
tion responses by previous exposure seems more common than changes in the
"rank-order" (or preference hierarchy) for phasmids (Cassidy 1978), flies (Hoff
man 1985, Jaenike 1982, 1983; Prokopy et al. 1982), sawflies (Craig et al.
1989), and some butterflies (Rausher 1978, Singer 1983). This study was
designed to see to what extent the "specificity" or the host-rariking oviposition
"hierarchy" (see Courtney and Kibota 1990) of the polyphagous tiger swallow
tail butterfly, Papilio glaucus L., would be affected in multi-choice studies by
pre-conditioning to several partiCUlar hosts.

lDepartment of Entomology, Michigim State University, East Lansing. MI
48224-1115.
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In adult phytophagous insects the acceptability of host plants for oviposi
tion is influenced by a balance of various internal and external excitatory
factors (Miller and Strickler 1984). However, unlike foraging vertebrates that
often successfully adjust their individual feeding behaviors through learning,
phytophagous insects are generally assumed to be more "hard-wired". For
example, limited host plant breadth in insects may be the result of constrained
sensory modalities, genetics, and allelochemical detoxification systems
(Dethier 1941, Ehrlich and Raven 1964, Feeny 1991, Caprio and Tabashnik
1992, Nitao 1993). Divergence of insect preferences for certain plants results
from physiological, biochemical, and behavioral adaptations to plant availabil
ity, acceptability, and suitability, which in turn are generally determined by
the interactions of plant nutrients and allelochemicals (Scriber 1984a, Ehrlich
and Murphy 1988, Schultz 1988, Berenbaum 1990, Lindroth 1991), the associ
ated community of natural enemies and, (or) competitors (e.g.. Strong et al.
1984, Barbosa 1988, Bernays and Graham 1988, Jermy 1984, 1988; Scriber
1992) and various abiotic factors such as microclimate or seasonal thermal
unit accumulations affecting latitudinal voltinism and feeding specialization
patterns (Scriber and Lederhouse 1992).
Wiklund (1981) suggested that ovipositing female butterflies exhibit a
"preferential-hierarchy" in which the specificity of individuals (how far down
the ranking the female will go in a multi-choice arena) for sub-optimal hosts,
may vary depending on environmental, induced, or genetically based behav
iors. This "preference-hierarchy" model (see also reviews in Courtney and
Kibota 1990, Thompson and Pellmyr 1991), predicts that a female will consis
tently lay more eggs on highly preferred host plant species and fewer eggs on
plants that are less preferred when simultaneously offered several choices.
Some individuals will be more specific than others. not accepting some of the
lower-ranked host species (see Fi~. 1). Less specific females may be considered
generalists; however, most studIes with butterflies to date have been done
with relatively specialized (oligophagous) species (Wiklund 1975. Chew 1977.
Rausher 1978, Tabashnik et al. 1981, Courtney 1982, Feeny et al. 1983, Stan
ton and Cook 1983, Singer 1986, Damman and Feeny 1988, Thompson 1988a,
1988b, 1988c; Lederhouse et al. 1992). Feeding on 9 plant families, Papilio
glaucus is the most pol
agous of all 560+ species of swallowtail butterflies
(Scriber 1984b). Such
hagous species may ~rovide unique insights into
the evolution of host p
nce behavior of oVIpositing females. However,
only the P. glaucus group (6 species) in North America and the P. scamander
group in South America are reported to feed on more than 4 families of plants
(Scriber et al. 1991b, 1991c).
The degree to which female butterflies will accept lower-ranked host
plants in addition to or instead of their preferred host is affected by a variety
of internal and external factors that are ecologically influenced and evolution
arily derived. For example, older females (Gossard and Jones 1977) or females
with a large number of accumulated eggs (Jones 1977, Fitt 1986) may be less
specific in their oviposition preferences. The length of time since last oviposi
tion (e.g., due to the distance between hosts) can also influence female specific
ity (Singer 1983). Perhaps the most intriguing of all internal factors is the
effect of adult learning on oviposition behavior. The interaction of learning in
the insect with various sensory cues such as color, shape, size or chemistry of
leaves has been the subject of numerous studies (see review by Papaj and
Prokopy 1989).
This study describes preliminary attempts to assess the behavior of adult
tiger swallowtail butterflies, Papilio glaucus to multi-choice oviposition
opportunities on host plants of varying suitability for larvae. It specifically
addresses the possible effects of previous exposure (learning) on subsequent
host ranking and specificity. A relatively high level of polyphagy suggests
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Figure L A general "hierarchy-threshold" model of host preferences (see Wiklund 1981,
Courtney and Kibota 1990) as adapted to Papilio glaucus in these studies with 4 host
plant families. High specificity would be when a female oviposits only on plant "An; and
low specificity would be when a female oviposits on plants A, E, and C, but some remain
nearly unacceptable (D). Specificity may be greater for individual females that have
experienced a preference induction (see arrow) or lowered (see arrow) due to other vari
ables (e.g. age),

that P. glaucus females may be non-discriminating in their oviposition choices
(i.e., generalized individuals), or, alternatively, different individuals of differ
ent populations may vary considerably the host plants on which they have
specialized, resulting in a "composite" generalist species with local feeding
specialization (Scriber and Feeny 1979, Fox and Morrow 1981). We have previ
ously shown that almost every individual from populations of P. glaucus from
Florida to Michigan strongly prefer tulip tree, Liriodendron tulipifera (Magno
liaceae) over black cherry, Prunus serotina (Rosaceae), and quaking aspen,
Populus tremuloides (Salicaceae) in laboratory 3-choice arenas (Scriber et al.
1991a). The following 4-choice studies also include hoptree, Ptelea trifoliata
(Rutaceae), which has been reported as a local favorite for certain populations
(Scriber 1972). Quaking aspen was included in the following study even
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though the Georgia butterfly population does not encounter this plant spe
cies. Previous studies (Scriber et al. 1991a, Bossart and Scriber 1993) have
shown low levels of aspen and cottonwood (Salicaceae) oviposition acceptabil
ity for populations as far south as Florida, even though these Salicaceae
family plants are toxic to essentially every larva tested (Scriber et al. 1991b).

MATERIALS AND METHODS
Female Papilio glaucus butterflies for oviposition studies were obtained
from one population in the southeastern United States (Clarke Co., Georgia)
and shipped overnight to our laboratory at Michigan State University. Geor
gia butterflies have no genetic introgression from P. canadensis (Hagen et al.
1991), and were available in sufficient numbers for this study. These females
were classified into four age categories based on wing wear, fed 20% honey
water solution daily until death, and placed individually into clear round plas
tic containers (10 cm high, 25 em diameter) with leaves of various host plant
species draped along the side of the container (Fig. 2) at equally-spaced dis
tances for the 4-choicepreference induction studies. Plastic containers, with
plant leaves in water-filled vials and with one butterfly each, were stacked on
rotating rlatforms aligned in front of a bank of 100-W incandescent bulbs on a
4-h on/of cycle. The revolution of the containers was adjusted so that each of
the leaves passed in front of the light 10 times per hour. Since the butterflies
flutter and bounce along the inside of the round dishes at the side facing the
lights, the multi-choice arena provided a continuous sequence of leaves to each
female each revolution (six minutes). The order of the leaves was randomized
each time they were replaced. The treatments consisted of a direct 4-choice
test (n 50 females), while four other groups (8 females each) were presented a
no-choice arena with one of the four host plant species for 2 days prior to the
test. This was designed to assess the influence, if any, of previous experience
in oviposition preference.
Eggs were removed from each container daily and counted until the
female died. This ranged from 2 to 9 days. The few stray eggs placed on the
plastic or paper towel bottom lining were excluded from the analyses unless
they were obviously immediately adjacent (s 5 mm) to the edge of a leaf.
Strays generally represented less than 1% of the total eggs collected. Only
females that laid 10 or more eggs are included in the tables and analyses.
Leaves in containers were replaced at 2 to 3-day intervals, or at 24 h if they
had eggs. Leaves were collected fresh from trees in Ingham Co., Michigan.
A series of multi-choice oviposition studies were conducted using quaking
aspen as a "non-host" in combination with the tulip tree, black cherry, hop tree
or white ash (3-choice, 4-choice and 5-choice). In addition, tulip tree and hop
tree were used in combination with other non-hosts: sugar maple and cotton
wood (4-choice) or with elm and ginkgo added (6-choice). The same procedures
were used in these as in the 4-choice induction studies, however additional
females of P. glaucus from this Georgia population were used.

RESULTS
The average population preference profile of 27 Georgia (Clarke Co.)
females (which produced more than 10 eggs) in four-choice tests was 46.6% on
tulip tree, 30.5% on hoptree, 20.0% on black cherry and only 2.9% on quaking
aspen. The female butterflies that were exposed to one of four hosts as an
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Figure 2. (a; Plastic box with leaves draped on the side, used for multi-choice oviposi
tion studies. With this round container placed on a rotating platform (b), the leaves "pass
by" between the female butterfly and the outside light source 10 times per hour. Females
bounce along the side facing the light and have repeated opportunities to oviposit on
each leaf for I-to 1-1/2 minute intervals.
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Table 1. Overall average oviposition preference profiles (4-choice test) for a P. glaucus popu
lation from Georgia (Clarke Co.) compared to groups exposed to four different plants for 2
days prior to testing. Data are presented as the percentage of total eggs by host (mean ± SE).
The lower portion of the table represents mean percentage of eggs produced in the first day
only.
4-choice with no
prior exposure
Total Egg
Distribution:
'l\tlip tree
induction*
Hoptree
induction*
Black cherry
induction*
Quaking aspen
induction*
First Day
Egg Distribution:
'l\tlip tree*
Hoptree*
Black cherry*
Quaking aspen*

Number of
females (n)
(27)

Magnoliaceae
(tulip tree)
46.6± 4.9

Rutaceae
(hoptree)
30.5±4.0

Rosaceae
(black cherry)
20.0±2.9

Salicaceae
(quaking aspen)
2.9±0.7

(3)

61.0± 14.9

16.6±7.4

13.5±5.1

9.0±4.1

(51

51.0± 9.1

25.6±5.3

19.6±5.0

3.8±1.4

(5)

66.8± 9.0

20.0±5.2

11.3±4.1

2.0±1.5

(3)

43.6± 3.4

29.4±3.3

22.3±5.0

4.7 ±0.8

(3)
(5)
(5)

76.5±19.8
59.9± 8.5
72.2±12.3
48.8± 4.2

1O.8±9.0
12.8±3.4
10.9±6.9
31.3±4.4

2.9±2.9
25.4±6.5
12.4±7.7
18.2±7.6

9.8±8.0
1.8 ± 1.8
4.4±3.9
1.7±1.7

(3)

*Females were previously placed in a box with 4 leaves of the same plant (no-choice) for 2 days
before given the 4-choice option. In no case was the average preference in 4-choice of females signifi·
cantly different than the reference group at the top of the table (n = 28; t-tests p = 0.10; Snedecor
.
and Cochran 1967).

induction treatment subsequently produced overall 4-choice egg distribution
profiles that were not significantly different (Table 1, Fig. 3). This suggests
for P. glaucus that overall egg distribution does not follow the most recent
host plant the female is exposed to, at least in these laboratory multi-choice
arenas.
Females (n=18) that preferred tUlip tree from this Georgia population
generally preferred it every day, as was the case with hoptree (n=6 females)
and black cherry (n=3 females). All females basically avoided quaking aspen,
both in the baseline control population (n=27) and in all of the induction
treatment attempts (Table 2). In the total 4-choice responses from the various
preference induction treatments, it was observed that 15 of 16 females exhib
ited a total oviposition preference for tulip tree (a weak hoptree preference
observed by a single female), Thus while there exists some variation in the
preference for tulip tree, hoptree or cherry in the base population (n=27
females), there were essentially no such variable preferences evident in any of
the induction treatments, nor were there induction effects.
The age of the females (as indicated by wing-wear and abdominal girth;
see Lederhouse and Scriber 1987) was not a major variable in the overall total
preference profiles of this Georgia population (Table 2). It is interesting, how
ever, that the oldest females were not less specific in host plant choice. In fact,
the older females laid a significantly greater proportion of their eggs on tulip
tree leaves (with fewer on hop tree and black cherry), and these older females
did not accept aspen any more readily than younger females (Table 2).
As a population, older appearing females (at the initiation of the experi
ments) preferred tulip tree for the highest average proportion of their eggs. It
is important to note that individual females did vary in their oviposition
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4- Choice OViposition Preferences

DIRECT 4-CHOICE
n = 28 Females

INITIAL
TWO DAYS

R
Tulip
tree

Hop
tree

46.6

r-+l

_ ....._....I.._ _

Black
cherry
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j,.~_30_._5. .1-____g'-2_0_._0....l...._--I:=;;;2;;;.;;;9;;;;;!,_
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Figure 3. Observed average 4-choice oviposition response pattern of 27 field-captured
(Georgia) female butterflies (top) compared to the 4-choice response patterns of their
contemporaries (females from the same population) subsequent to 2 days of exposure in
no-choice induction arenas for each of the 4 hosts. Data are presented as the mean
percentage (± SE) of the total eggs laid on each host.

~

-I
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Table 2. Four-choice oviposition preference profiles of P. glaucus females of different age classes! (for females laying more than 10 eggs)2
Age Class
Category
2.0 (slightly worn)
3.0 (worn)
4.0 (old)

(n)
(15)
(7)
(0)

Thlip Tree

Hop Tree

Black Cherry

Quaking Aspen

(%)

(%)

(%)

(%)

37.8±5.3 a
74.2±6.9 b

34.3± 4.6 ab
15.3± 3.9 a

25.2±4.1 b
7.2±2.6 Ii

2.7±0.7a
3.3±1.9a

Mean Total
Eggs
87±13a
51± 8 a

Number of days
alive in the lab
a
4.Z±OAa
4.9±0.9 a

(27)
46.6±4.9
30.5± 4.0
20.0±2.9
2.9±0.7
72± 9
Totals
4.6±0.3
!The age (wear) class categories for adult female butterflies go from 1 (near perfect/fresh) to well worn (with broken wing edges, slender
abdomen, and most scales on wings gone; see Lederhouse and Scriber 1987 for discussion).
2Significant differences between the means for 3 age classes are indicated by different letters via 'fukey's test for unequal sample sizes (p = 0.05;
Winer 1962, Snedecor & Cochran 19671.
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preference responses for total eggs. However, it was observed that the daily
preferences (for females producing at least 80 total eggs, with at least 8 eggs
per day, for at least 4 days) did not change very much for any of the 6 females
in these 4-choice oviposition studies (Table 3). In fact, the mean percent of
total eggs produced for each host is very similar to the mean of the daily
percents (Table 3). Quaking aspen was ranked last for every day of every
female (except the last day of female #8652).

DISCUSSION
In no treatment was there induction of oviposition preferences in 4-choice
laboratory arenas after 2 days of previous exposure to either quaking aspen,
black cherry, hoptree, or tulip tree in no-choice situations. The overall popula
tion ranking hierarchy pattern of 4-choice oviposition preferences was similar
for all 4 induction treatments to the direct 4-choice reference group study (Le.
those not exposed in a 2-day induction treatment) using females from the
same Georgia population. While tUlip tree selection was numerically greater
for butterflies with tulip tree (and black cherry) exposure, it was not signifi
cant (even at p 0.10 level) for total eggs (or for the first day's eggs; Table 1)
in 4-choice studies. Since eggs in these studies were not collected on an hourly
basis. it was not possible to determine if a short-term behavioral preference
induction may have actually occurred in the first minutes of the 4-choice
arena, and was subsequently erased or swamped by the full day (and subse
quent days) of 4-choice exposure. Nonetheless, there is no evidence to sug~est
that either daily or the overall totals for oviposition by p. . glaucus populatlOns
is influenced in rank-ordering or specificity by previous exposure to any of the
host choices (Fig. 3).
We are in the process of determining how oviposition preference ranking
profiles for hosts change geographically and taxonomically with different
Papilio species. Determining the relative stability of oviposition preferences
through evolutionary time requires a careful knowledge of the various non
genetic environmental modifiers of behavior, including learning and prefer
ence induction. While we must continue to assess different hosts and host
arrays for the polyphagous P. glaucus, our preliminary behavioral studies
suggest genetic "hard-wiring" of oviposition preferences may already be evi
dent in the consistency of individual responses (Hoake 1989). There appears to
be minimal influence of previous host plant exposure to the overall pattern of
egg laying in multi-choice lab studies where females most probably are dis
criminating on the basis of tarsal chemoreceptors (Roessingh et al. 1991). It is
possible that other sensory modalities may come into play under natural
conditions. For example, visual learning of leaf shape or color (or tree size)
may occur, or volatile host chemical imprinting may exist (Rausher 1978).
In addition to the apparent lack of inducibility of host plant oviposition
preferences for individual females, it is also suggestive of genetic "hard
wiring" that individual P. glaucus females are quite consistent in their pattern
of preference hierarchy from day to day (Table 3) in multi-choice arenas. Quak
ing aspen was recognized as a "non-host" by every female in the 4-choice
studies, both in the overall (total eggs; Fig. 3) and in daily ranking consistency
(Table 3) as a very distant last place. This last place ranking was true of all age
classes of females (Table 2), which signifies that these Georgia females do not
become less discriminating of poor hosts with age.
It is interesting that, in spite of the relatively consistent, and non
inducible, preference profiles exhibited by P. glaucus females in these studies,
there are still a few percent of the total eggs placed on "non-host" leaves (i.e.,

90

THE GREAT lAKES ENTOMOlOGIST

Vol. 26, No.2

Four-ehoice dally repeatability studies of oviposition preference of individual Papi
lio glaucus females (TT = tulip tree, HT = hoptree, Be = black cherry, QA = quaking aspen';.

Table 3.

Female */
(total eggs)
8694 (GA)
(n
185)

Number of Eggs
and % of Total
TT

HT

BC

QA

TT

HT

BC

1
2
3
4
5

11

6
5
27
12
6
30.3%

2
11
10
10
9
22.7%

2
2
5
5
1
8.1%

52
42
19
48
45
41.3±5.8.

29
16
52
23
21
28.1 ±6.3

10
36
19
19
31
22.9±4.6

3
7.7±1.2

19
12
6
6
5
5
4
29
37.8% . 57.8%

0
0
0
0
0.0%

9
8
0
0
4.1 ±2.4

56
46
50
12
41.1 ±9.9

35
46
50
88
54.9±11.5

0
0
0
0
0

1
0
0
0
2.3%

46
70
50
42
32
47.8±6.3

25
15
0
17
10
13.4 ±4.1

25
10
50
41
58
36.9±8.7

4
5
0
0
0
1.8±1.1

27
37
23
19
6
22.3±5.2

43
38
34
31
28
34.8±2.7

28
25
40
47
61
40.3 ±6.5

0
3
3
5
2.6±0.9

mean
8700 (GAl
(n
90)

3
1
0
0
4.4%

1
2
3
4
5

11
14

18
6
8
6
1
24.1%

29
6
12
10
5
36.5%

37.1%

1
0
1
1
1
2.4%

1
2
3
4
5

35
9
3
17
3
42.7%

29
3
6
13
5
35.7%

9
2
4
5
4
15.9%

4
1
0
4
0
5.7%

45
60
23
44
25
39.4±6.9

38
20
46
33
42
35.8±4.5

12
13
31
13
33
20.4±4.8

5
7
0
10
0
4.4±2.0

1
2
3
4

21
19
4
6
38.2%

11

16
12
13
1
32.1%

0
1
4
2
5.3%

44
48
12
67
42.4± 11.4

23
20
38
0
20.3±7.9

33
30
38
11
28.2±5.9

0
2
12

1
2
3
4
5

mean
8652 (GAl
131)
In
mean

6
2
4
5
11
36.0%

10

2
15.1%

mean
8653 (GA)
(n
168)

4

6
3
0

9
6
10

5
6
46.5%

mean
8712 (GAl
(n
170)

13
10
25
13
38.9%

1
2
3
4

mean
8710 (GA)
(n
86)

Percent of Eggs (Daily)

Day

2

8
13
0
24.4%

19
4
14
15
11

2

22
9.1 ±5.0

*Only females producing at least 80 eggs with at least 8 eggs/day for at least 4 days were included.
GA
Georgia source.

quaking aspen). This was also noted in 3-choice studies with tulip tree, black
cherry and quaking aspen (Scriber et al. 1991a). It was observed in 5-choice
studies (with white ash added to the 4-choice induction array) that nearly the
same low percentage of eggs were still placed on quaking aspen (5.5%; Fig. 4).
Two additional variations of non-host plant species using sugar maple and
cottonwood with hoptree and tulip tree (4-choice), and sugar maple, cotton
wood, slippery elm, and ginkgo with hoptree and tulip tree (6-choice). Again, in
both studies, only a consistently small percentage of the total eggs were
placed on non-hosts (Fig. 4). The ecological or evolutionary advantage of such
behavior by Papilio glaucus is not entirely clear since the neonate larvae
resulting from these eggs on non-host plants cannot survive (Scriber 1988) nor
can they likely survive the walk to another host plant species. The evolution
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Figure 4. Multiple-choice variations in oviposition preference profiles in studies with P.
glaucus from Georgia. The 4-choice induction study already described is indicated near
the top and includes, from the left side; tulip tree, hoptree, black cherry, and quaking
aspen. The 3-choice study above it lacks hoptree and the 5-choice study below it has
white ash (Fraxinus americana) added to the standard 4-choice array. The bottom two
response profiles represent two hosts (tulip tree and hoptree) compared with "on-hosts"
of P. glaucus (SM = sugar maple, Acer saccharum; CW = cottonwood, Populus del
to ides; Elm = slippery elm Ulmus rubra; and Ginkgo biloba).

ary variation in Papilio detoxication enzyme systems for allelochemics in
natural systems may not be broad nor labile enough for taking advantage of
many oviposition mistakes (Nitao 1993, but ef. Feeny, 1991)_ Behavioral plas
ticity and learning behavior may play large roles in insect host plant shifts,
even if the host plant specialization does not involve physiological (detoxica
tion) traits (ef. Rausher 1992) and even if the trade-off in selecting one host
over another is not genetically based (Jaenike and Papaj 1992).
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SEASONAL FLIGHT PAITERNS OF MIRIDAE (HEMIPTERA) IN A
SOUTHERN ILLINOIS BLACK WALNUT PLANTATION
J. E. McPherson,l B. C. Weber,2 and T. J. Henr y 3

ABSTRACT
The seasonal flight patterns of 92 species of Miridae collected in window
traps in a southern Illinois black walnut plantation are compared with similar
data from a North Carolina black walnut plantation. Flying height distribu
tions and seasonal flight activities of Amblytylus nasutus, Deraeocoris nebu
losus, Leptopterna dolabrata, Lopidea heidemanni, Lygus lineolaris, and Pla
giognathus politus are considered in detail. Six species are newly recorded for
Illinois.
Previously, we presented information on seasonal flight patterns of
Hemiptera, except the Miridae, in a black walnut (Juglans nigra) plantation in
southern Illinois (SI) (McPherson and Weber 1990). These data were based on
weekly collections of specimens from window traps during 1979 and 1980, and
were compared with similar data collected during 1977 and 1978 in a black
walnut plantation near Asheville, North Carolina (NC) (McPherson and Weber
1980; 1981a, b, c, d, e). We present here the SI data for the Miridae and
compare them, where possible, with the mirid results from the NC plantation
(McPherson et al. 1983).
MATERIALS AND METHODS
The SI black walnut plantation is a 2.8 ha plot located in Alexander
County that was established by the U. S. Forest Service. Within this planta
tion are 2,700 trees planted at a 1.83 X 3.66 m spacing. Additional informa
tion about the history and geographic location of this plantation is given by
McPherson and Weber (1990).
The window traps were described in detail by McPherson and Weber
(1980). Briefly, each trap was constructed with a section of Plexiglass (76.2 X
76.2 X 0.3 em) enclosed on the sides and top with a painted pine frame, and on
the bottom with a galvanized metal pan (71 X 20 X 8 cm) bolted to the pine
frame. The support frames consisted of 3/4 inch pipe mounted above bell
reducers and attached to 1 1/2 inch base pipe. A brace piece was added to the
taller traps to provide additional support during high winds. Four guy wires
on each trap were attached to the brace piece and to metal stakes in the

IDepartment of Zoology, Southern Illinois University, Carbondale, IL 62901.
2USDA Forest Service, Pacific Southwest Research Station, P. O. Box 245, Berke
ley, CA 9470L
3Systematic Entomology Laboratory, PSI, Agricultural Research Service, USDA,'
c/o National Museum of Natural History, Washington, DC 20560.
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ground to prevent twisting of the frame. Traps were raised and lowered by a
rope and pulley system.
The SI and NC studies differed in the number of traps used (16 in SI, 28 in
NC) and their height above the ground (SI, 1 m intervals from 1 to 4 m; NC, 1
m intervals from 1 to 7 mI. As noted in the earlier SI study (McPherson and
Weber 1990), the difference in height of traps between the two plantations
resulted from the primary emphasis of this study, which was to determine
flight activity of the ambrosia beetle, X ylosandrus germanus (Blandford). The
SI traps were set at a maximum of 4 m because we found that most flight
activity of this beetle in the NC plantation was at 1 m (Weber and McPherson
1983). Unfortunately, this makes comparisons of flight activity of the mirids
between the plantations more difficult.
In the SI study, flying height and seasonal distributions were determined
in 1979; only seasonal distribution was determined in 1980. Insects were
removed weekly from 30 March to 13 October in 1979, and from 28 March to
10 October in 1980.
All specimens collected during this study are deposited in the Southern
Illinois University Entomology Collection, Carbondale, and National Museum
of Natural History, Washington, D. C.

RESULTS AND DISCUSSION
Species diversity was higher in the SI plantation than in the NC planta
tion with, respectively, 92 and 79 species collected. Of the 79 NC species, only
37 were also collected in S1. As in NC, the Mirinae were best represented
(Table 1). Numbers of specimens for all SI taxa ranged from 1 to 1,154. The
known distribution of the mirids treated in this paper and in McPherson et al.
(1983) can be found in Henry and Wheeler (1988). Six of the SI species are
newly recorded for the state (Table 1).
The six most commonly collected species in NC were Deraeocoris nebulo
sus (Uhler) (N = 612), Ilnacora stalii Reuter (N = 82), Keltonia tuckeri (Pop
pius) (misidentified as K. sulphurea [Reuter] [Henry 1991]) (N = 194), Lygus
lineolaris (Palisot de Beauvois) (N = 929), Plagiognathus politus Uhler (N =
506), and Reuteroscopus ornatus (Reuter) (N 2,673) (McPherson et al. 1983).
Of these, D. nebulosus (N = 199), L. lineolaris (N = 300), and P. politus (N =
1,046) were also among the six most commonly collected species in SI (Table
1). The remaining three in SI were Amblytylus nasutus (Kirschbaum) (N =
295), Leptopterna dolabrata (L.) (N 563), and Lopidea heidemanni Knight (N
= 1,154). R. ornatus, the most commonly collected NC species, was much less
frequently collected in SI (N = 28). Because none of these mirids is known to
feed on black walnut, the abundance of their host plants or prey in and around
the plantations could account for differences in their frequency between the
two study sites.
The Holarctic A. nasutus has been collected in fields of timothy (Phleum
pratense), orchard-grass (Dactylis glomerata), and awnless brome-grass (Bro
mus inermis) in New York (Hardee et al. 1963), tall fescue (Festuca arundina
cea) in Missouri (Blinn and Yonke 1982), and Kentucky bluegrass (Poa praten
sis) in Kentucky (Jewett and Spencer 1944, Jewett and Townsend 1947). It
feeds and reproduces on bluegrass seed heads (Jewett and Spencer 1944,
Jewett and Townsend 1947), is univoltine, and overwinters as eggs (Jewett
and Townsend 1947). Adults are found during May and June in Kentucky
(Jewett and Townsend 1947) and Missouri (Blinn and Yonke 1982). Wheeler
and Henry (1992) summarized distribution, hosts, and biological information
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Table 1. Seasonal flight activity of Miridae during 1979-1980 in a southern Illinois black
walnut plantation
Collection Height
Taxon

Macrolophus brevicomis K~htC
Pycnoderes medius Knight d
Sixeonotus areolatus Knightc.
CYLAPINAE
Fulvius imbecilis (Say)
Fulvius slateri Wheeler
Peritropis saliloeformis Uhlerc
DERAEOCORINAE
Deraeocoris grandis (Uhler)c
Deraeocoris nebulosus (Uhler)
Deraeocoris poecilus McAtee
Deraeocoris quercicolo Knight
Deraeocoris sayi (Reuter)
Hyaliodes harti Knight
Hyaliodes vitripennis (Say)
MIRINAE
Adelphocoris lineolotus (Goeze)
Agnocoris pulverulentus (Uhler)
Leptoptema dolobrata fL.)
Lygocoris caryae (Kni~t)
Lygocoris fagi (Knight)
Lygocoris geneseensis (Knight)
Lygocoris hirticulus (Van Duzee)
Lygocoris omnivagus (Knight)
Lygocoris quercalbae (Knight)"
Lygus lineoloris (Palisot de Beauvois)
Lygus plogiatus Uhler
Megaloceroea recncornis (Geoffroy)
Neocapsus leviscutatus Knight
Neurocolpus nubilis (Say)
Phytocoris albifacies KnightC
Phytocoris antenna/is Reuter
Phytocoris breviusculus Reuter"
Phytocoris canadensis Van Duzee
Phytocoris eximius Reuter
Phytocoris infuscatus Reuter
Phytocoris neglectus Knight"
Phytocoris puello Reuter
Phytocoris purvus Knight
Phytocoris spicatus Knight
Phytocoris tibialis Reuter
Polymerus proximus KnightC
Prepops fraterculus (Knight)
Prepops insitivus (Say)
d
Salignus distinguendus (Reuter)c,
Stenodema trispinosum Reuter
Stenodema vicinum (Provancher)
Stenotus binotatus (Fabricius)
Taedia casta (McAtee)"
Taedia evonymi (Knight)c d
Taedia muitisignata (Reuter)
Taedia scrupea (Say)c
Trigonotylus caelestialium (Kirkaldy)

No.
Collecteda

SE

x

Range of
Range Collection Dates

1 (1, 0)
2 (1,1)
2 (2, 0)

2.00
4.00
3.00 ± 1.00

2 (2, 0)
5 (4,1)
1 (1, 0)

4.00 ± 0.00
1.76
0.75
4.00

1-4

2.84 ± 0.06
2.00 ± 1.00
3.00 ± 0.71

1-4
1-3
1-4

3.00 ± 0.26
3.00
0.38

1-4
1-4

4 (0, 4)
199 (190, 9)
2 (2, 0)
5 (4,1)
1 (0, 1)
11 (10, 1)
9 (8,1)
1 (1, 0)
5 (2,3)
663 (275, 288)
139 (62, 77)
2 (1,1)
1 (1, 0)
4 (1, 3)
7 (0, 7)
59 (17, 42)
300 (186, 114)
5 (2,3)
45 (28,17)
5 (0, 6)
100 (93,7)
6 (4, 2)
1 (1,0)
1 (1, 0)
2 (2,0)
1 (0, 1)
3 (2, 1)
1 (1, 0)
3 (2, 1)
13 (12, 1)
1 (1, 0)
32. (24,8)
1 (1, 0)
1 (1, 0)
1 (1, 0)
1 (0, 1)
1 (0, 1)
2 (2, 0)
139 (80,59)
1 (0, 1)
8 (7,1)
1 (1, 0)
14 (5, 9)
12 (9, 3)

2.00
4.00 ± 0.00
1.09 ± 0.02
3.20 ± 0.11
4.00
1.00
3.00
3.15
2.12
2.00
1.00

±
±
±
±

2-4

1-4
1-4

0.19
0.08
0.00
0.00

1-4
1-4

2.47 ± 0.08
3.00 ± 0.58
4.00
2.00
3.00 ± 1.00

1-4
2-4
2-4

3.50 ± 0.50
2.00
2.00 ± 1.00
2.75 ± 0.35
4.00
2.04
0.23
3.00
2.00
2.00

3-4

2.00 ± 1.00
1.71 ± 0.12

1-3
1-4

3.71 ± 0.18
3.00
3.70 ± 0.20
3.28 ± 0.36

3-4

1-3
1-4
1-4

3-4
1-4

15 June
13-22 June
14-21 Sept.
10 Aug.
11 July-7 Sept.
14 Sept.
6-13 June
20 April·21 Sept.
22 June-6 July
18 July·3 Aug.
SO May
3 July·28 Sept.
8 June-5. Oct.
1 June
20 April·15 June
18 May·22 June
9 May·13 July
6 June-20 July
6 July
13-29 June
23 May·27 June
16 May·20 July
6 April-12 Oct.
11 April·3 Aug.
6-20 June
16 May-6 June
6 June-lO Aug.
8 June-13 July
5 Oct.
1 June
13 July-24 Aug.
6 June
20 June-6 July
13 July
20 June-lO Aug.
25 May-28 Sept.
13 July
6 July·12 Oct.
I June
13 July
29 June
6 June
30 May
8 June
30 May-22 June
1 Aug.
13 June-27 July
13 July
6-29 June
25 May·6 July
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Table 1. Seasonal flight activity of Miridae during 1979-1980 in a southern Illinois black
walnut plantation (Continued)
Collection Height
Taxon

Tropidosteptes canadensis Van
Tropidosteptes gemmus (Say)c
Tropidosteptes pettiti Reuter"
ORTHOTYLINAE
Ceratocapsus digitulus Knight
Ceratocapsus fuscinus Knight
Ceratocapsus modestus (Uhler)
Ceratocapsus pumUus (Uhlerl"
Ceratocapsus setosus Reuter
Ceratocapsus unifonnis Knightc••
Diaphnocoris provancheri (Burque)
Halticus bractatus (Say)
llnacora stalii Reuter
Lopidea confluenta (Say)
Lopidea heidemanni Knight
Lopidea robiniae (Uhler)
Orthotylus juglandis Henryc.d
Orthotylus modestus Van Duzee
Paraproba capitata (Van Duzee)c
Pseudoxenetus regalis (Uhler)
Reuteria bifurcata Knight
Sericophanes heidemanni Poppiug
Slaterocoris atritiblalis (Knight)
Slaterocoris stygicus (Say)

No.
Collecteda
2 (0. 2)
6 (0, 6)
1 (1,0)

23 (13, 10)
1 (1,0)
4 (4, 0)

10 (10, 0)
13 (2, 6)

81 (80, 1)
76 (76, 0)
7 (4, 3)

19 (19, 0)
17 (9, 8)
1,154 (570, 584)
2 (2, 0)
10 (9,1)
5 (1, 4)
1 (1, 0)

22 (8,14)
14 (14, 0)
1 (1,0)
2 (1,1)
4 (3,1)

x

SE

Range of
Range Collection Dates
23-30 May
23 May·20 June
8 June

4.00
2.31 ± 0.21
3.00
3.00 ± 0.00
2.30 ± 0.26
1.00
0.00
2.80
0.08
2,78 ± 0.11
2.50 ± 0.29
2.84 ± 0.29
1.89 ± 0.31
2.44 ± 0.04
3.00 ± 1.00
3.56 ± 0.18
2.00

1-4
1-3
1-4
1-4
2-3
1-4
1-3
1-4

2-4
3-4

1.00

3.13 ± 0.40
2.71 ± 0.24
4.00

2-4
1-4

3.00

2.67 ± 0.88

PHYLINAE
d
Amblytylus nasutus (Kirschbaum)c,
295 (126, 169)
2.00
0.10
3 (1, 2)
3.00
Chlamydatus assoclatus (Uhler)
2 (1, 1)
1.00
Criocoris saliens (Reuter)
10 (10, 0)
Keltonia tuckeri (Poppius)
1.40 ± 0.22
4.00
Atractotomus miniatus (Knight)
1 (I. 0)
Atractotomus sp., prob. miniatus
(Knight)
1 (I, 0)
3.00
8 (7,1)
Microphyiellus modestus Reuter
2.79 ± 0.49
1 (0, 1)
Pilaphorus brunneus Poppiusc
1 n, 0)
Plagiognathus blatchieyi ReuterC
1.00
1 (0, 1)
Plagiognathus gieditsiae KnightC
Plagiognathus guttulasus (Reuter)
1 (1. 0)
4.00
1,046 (1,015, 31) 2.49 ± 0.03
Plagiognathus poUtus Uhler
Plagiognathus repietus Knigh{,e
87 (21, 66)
3.10 ± 0.17
Plagiognathus n. sp. e
37 (12, 25)
3.08 ± 0.28
Piesiodema sericeum (Heidemann) or
near
1 (I, 0)
4.00
Pseudatomoscelis seriatus (Reuter)
6 (5. 1)
2.20 ± 0.58
2,04 ± 0.22
Reuteroscopus ornatus (Reuter)
28 (27, 1)
Semium hirtum Reuter
1 (0, 1)
Sthenaridea vulgaris (Distant)c,d
1 (I, 0)
1.00

1-4
1-4
1-3

1-4

1-4
2-4
1-4
1-4
1-4

20 June-31 Aug.
20 July
20 July·3 Aug.
13 July-7 Sept.
6 June-28 Sept.
13 July-28 Sept,
15 June-27 July
23 May-12 Oct.
8 June·7 Sept.
29 June-3 Aug.
9 May·3 Aug.
29 June-27 July
11 May-6 July
6-15 June
21 Sept.
25 May-22 June
29 June-27 July
6 July
6-15 June
1-15 June
11 May-7 Sept.
8-22 Aug.
18 May-6 June
22 June-5 Oct.
1 June
18 May
6 J une-6 July
3 July
14 Sept.
23 May
1 June
6 June-12 Oct.
6 June-20 July
13 June-6 July
22 June
15 June-5 Oct.
1 June-12 Oct.
26 Sept.
21 Sept.

"Total number of specimens for 1979-80, 1979, and 1980, respectively.
bBased only on 1979 specimens.
cSpecies not know to occur in North Carolina, based on Henry and Wheeler (1 !;l88) and McPherson et
al. (1983).
dNew Illinois state record. based on Knight (1941) and Henry and Wheeler (1988).
·Species feed on or previously recorded from black wainut.
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and concluded that this grass-feeding species is a "clear-cut immigrant" in
North America.
We did not collect A. nasutus in the NC study (McPherson et al. 1983),
and it was not listed by Henry and Wheeler in the 1988 heteropteran catalog.
However, it is now known from the state (Wheeler and Henry 1992). In the
present study, it was collected from 11 May to 7 September (N = 295) and
flew at an average height of 2.00 m IN = 126) (Table 1).
As noted above, and supported here by the lateness of the appearance of
adults in the window traps, this species overwinters as eggs (Fig. 1). Most
(97.3%, N = 287) were collected between the third week of May and mid-June,
thus corresponding with earlier reports of adult activity in Kentucky and
Missouri.
D. nebulosus is a predaceous species often collected on trees and shrubs
(Wheeler et al. 1975). It attacks several species of mites and insects including,
among others, European red mite, Panonychus ulmi (Koch); woolly apple
aphid, Eriosoma lanigerum (Hausmann); clover aphid, Nearctaphis bakeri
(Cowen); hop aphid, Phorodon humuli (Schrank); cotton aphid, Aphis gossypii
Glover; terrapin scale, Lecanium nigrofasciatum Pergande; eyespotted bud
moth, Spilonota ocellana (Denis and Schiffermuller); and possibly codling
moth, Cydia pomonella (L.) (see literature survey of Wheeler et al. 1975).
Wheeler et al. (1975) also reported it feeding on the mite Oliogonychus bicolor
(Banks); the oak lace bug, Corythucha arcuata (Say); hawthorn lace bug, C.
cydoniae (Fitch); and greenhouse whitefly, Trialeurodes vaporariorum
(Westwood). It overwinters as adults and is trivoltine in central Pennsylvania
(Wheeler et al. 1975).
D. nebulosus was collected in SI (Table 1) from 20 April to 21 September
(N = 199) and flew at an average height of 2.84 m (N = 190), and in NC from 1
April to 29 September and flew at an average height of 2.86 m (N = 612)
(McPherson et al. 1983).
As noted in our NC study (McPherson et al. 1983), and supported by the
present study, this species overwinters as adults in SI but as in NC, the
number of generations per year was unclear from the data available (Fig. 2).
The flight period was similar in both plantations and if it is trivoltine as
Wheeler et al. (1975) reported for central Pennsylvania, then the data suggest
overlapping generations; if not, then the data suggest it is univoltine.
The Holarctic L. dolabrata (meadow plant bug) feeds on grasses including
Kentucky bluegrass, orchard-grass (Froeschner 1949, Jewett and Spencer
1944, Jewett and Townsend 1947), redtop (Agrotis alba var. vulgaris), hairy
chess (Bromus commutatus) (Jewett and Spencer 1944, Jewett and Townsend
1947), and timothy (Jewett and Townsend 1947, Knight 1941, Osborn 1918).
Other recorded hosts, such as spiderwort (Tradescantia sp.) (Knight 1941),
undoubtedly are 'sitting' records. It overwinters as eggs (Blatchley 1926,
Jewett and Townsend 1947. Osborn 1918. Watson 1928) and is univoltine
(Jewett and Townsend 1947, Osborn 1918, Watson 1928). Nymphs are com
mon in April and May (Blatchley 1926, Jewett and Townsend 1947). Adults
are found in May and June in Kentucky (Jewett and Townsend 1947), May to
July in Ohio (Watson 1928). and June to August in Maine (Osborn 1918).
Wheeler and Henry (1992) summarized the distribution, hosts, and biology of
L. dolabrata and concluded, based on the absence of records from northwest
ern North America, and the continued preference of this species for natural
ized grasses, that this mirid is an immigrant in the Nearctic.
This species was collected in both the SI and NC plantations but was rare
in NC. It was collected in SI (Table 1) from 18 May to 22 June (N = 563) and
flew at an average height of 1.09 m (N = 275), and in NC from 13 May to 26
May at an average height of 3.20 m (N = 5) (McPherson et aI. 1983). It
overwinters as eggs, based on the lateness of the first collection of adults, and

Vol. 26, No.2

THE GREAT LAKES ENTOMOLOGIST

102

SO

1

40
30
20
10

O+----.__L-.---~~~~~~. .--~---
20

2

10
O+-~~~~~~T---~--~~~~--

en
..J
ct

60

3

SO

::::J 40
Q

5>

30

Q

20

~

u. 10

o

I

o+---~~~~~~--~----~--~---

Z

40

o
a:
W

30

W

c..

4

20
10
O+---~~~~--~~~~~-L----L----

20

5

10

O+-~~-LL-~~~~~~~~~
30

6

20
10
OL-~-'~~~'-T---~~~"~~~

A

o

J

MONTH
Figures 1-6. Seasonal flight activities of six mirid species during 1979-1980 in a
southern Illinois black walnut plantation. 1, Amblytylus nasutus IN
295); 2,
Deraeocoris nebulosus (N = 199); 3, Leptoptema dolabrata (N 563); 4, Lopidea heide
manni IN = 1,154); 5, Lygus lineolaris IN := 300); 6, Plagiognathus politus (N 1,046).
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was univoltine (Fig. 3). The flying distribution strongly supports data from
Kentucky, Maine, and Ohio in that all adults were collected between mid-May
and late June.
L. heidemanni has been collected from elm (Ulmus sp.) (Blatchley 1926;
Knight 1917, 1941; Watson 1918), yarrow (Achillea millefolium) (Knight 1917,
1941), goldenrod (Solidago rugosa) (Knight 1917), hollyhock, hickory (Froes
chner 1949), honeylocust (Gleditsia triacanthos), willow (Salix sp.), coralberry
(Symphoricarpos orbicukLtus), bedstraw (Galium aparine) (Knight 1941), Ohio
buckeye (Aesculus glabra), green ash (Fraxinus pennsylvanica), wild plum
(Prunus americana), white oak (Quercus alba), jack oak (Q. ellipsoidalis), black
locust (Robinia pseudoacacia), common ragweed (Ambrosia artemisiifolia),
common mouse-ear chickweed (Cerastium vulgatum), common sunflower
(Helianthus annuus), blue phlox (Phlox divaricata) and grape Witis sp.) (Blinn
and Yonke 1985).
Little is known of the life cycle of this insect. Knight (1917), in his original
description and discussion of this species, reported it breeding on elm, and the
nymphs feeding and maturing on the terminal growth. He also collected
nymphs on yarrow and adults on S. rugosa where they were apparently breed
ing. All adults used in his description were collected between 18 May and 16
July. Blatchley (1926) reported beating specimens (presumably adults) from
elm from 1 June to 5 July and Froeschner (1949) reported specimens from 28
April to 17 June.
This species was collected in SI (Table 1) from 9 May to 3 August (N
=1,154) and flew at an average height of 2.44 m (N = 570), and in NC from 19
May to 18 August and flew at an average height of 2.06 m (N = 33) (McPher
son et al. 1983). The time of occurrence of adults in the flight traps in both SI
and NC corresponds well with the reports of adult activity by earlier authors.
In addition, it appears that this species overwinters as eggs, based on the
lateness of the appearance of adults, and is univoltine (Fig. 4).
The well known tarnished plant bug (L. lineokLris) has been recorded from
numerous host plants including alfalfa, apple, apricot, aster, bean, beet, black
berry, cabbage, carnation, carrot, celery, cherry, chrysanthemum, clover, cot
ton, cucumber, currant, dahlia, grape, lettuce, marigold, pea, peach, pear,
peony, plum, potato, quince, raspberry, rose, strawberry, tobacco, and turnip
(Kelton 1975). Several additional host plants are given by Snodgrass et al.
(1984) and Young (1986). It also is known to have predaceous tendencies and
has been reported feeding on the alfalfa plant bug, Adelphocoris lineokLtus
(Goeze); potato leafhopper, Empoasca fabae (Harris); pea aphid, Acyrtho
siphon pisum (Harris); Colorado potato beetle, Leptinotarsa decemlineata
(Say); alfalfa weevil, Hypera postica (Gyllenhal); various species of Noctuidae;
Pleuroprucha insulsaria (Guenee); alfalfa blotch leafminer, Agromyza frontella
(Rondani); Aphidius ervi pulcher Baker; A. smithi Sharma and Subba Rao;
Praon sp.; various species of Formicidae; and the harvestman Phalangium
opilio L. (Wheeler 1976).
The tarnished plant bug overwinters as adults (Guppy 1958, Kelton 1975,
Ridgway and Gyrisco 1960, Stewart and Khoury 1976) and has two (Guppy
1958, Kelton 1975) or possibly three (Ridgway and Gyrisco 1960, Stewart and
Khoury 1976, Wheeler 1974) generations per year.
Ridgway and Gyrisco (1960), using tanglefoot traps, found that L.
lineolaris flew fairly close to the ground; of 323 adults collected, 300 were
captured within 6 ft (1.8 m) of the ground and only one as high as 15-18 ft
(4.6-5.5

mI.

The seasonal flight activity of L. lineolaris was similar in both the SI and
NC plantations; it was collected in SI (Table 1) from 6 April to 12 October (N
= 300) and flew at an average height of 2.12 m (N 186); and in NC from 31
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March to 13 October and flew at an average height of 2.60 m (N = 929)
(McPherson et al. 1983).
As noted for NC, this species overwinters as adults and is apparently
bivoltine (Fig. 5). In SI, adults began to emerge from overwintering sites in
early April. Their adult offspring (summer generation) occurred from about
late May to late August. Adults of the second (overwintering) generation
occurred from about early September to the end of the season. These peaks
occurred close to those found in NC (McPherson et al. 1983).
P. politus has been collected from apple (Pyrus) (Leonard 1915, Knight
1941), black locust, coralberry, willow, ragweed (Ambrosia sp.), birch (Betula
sp.), hickory (Carya sp.), hazelnut (Corylus sp.), red cedar (Juniperus virgi
niana), white pine (Pinus strobus), oak (Quercus sp.), goldenrod (Solidago sp.),
bald cypress (Taxodium distichum) (Knight 1941), fleabane (Erigeron), and
mullein Werbascum) (Froeschner 1949). It overwinters as eggs (Leonard 1915),
and is bivoltine (Froeschner 1949, Holdsworth 1968, Knight 1941, Wheeler
1974). In Missouri, adults of the first generation have been collected from 10
June to 20 August and those of the second from 8 August to 31 September
(Froeschner 1949).
The seasonal flight activity of P. politus began about one month later in
SI than in NC. Adults were collected in SI (Table 1) from 6 June to 12 October
(N = 1,046) and flew at an average height of 2.49 m (N = 1,015), and in NC
from 5 May to 13 October and flew at an average height of 2.51 m (N = 506)
(McPherson et al. 1983).
In the NC study, we felt this species apparently overwintered as eggs
because of the large number of flying adults in the fall and the extended period
in the spring before the first adults were collected (i.e., early May). It also
appeared to be bivoltine. The SI data also support these conclusions (Fig. 6).
Although there was not a large number of fall adults, the first adults appeared
even later in the year than in NC (i.e., early June) and, thus, apparently
resulted from overwintered eggs. These adults dramatically increased in num
bers and represented the first (summer) generation; they were present until
mid- or late August. Adults of the second generation were present from early
September to the end of the season. These adults presumably produced the
overwintering eggs.
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SEASONAL ABUNDANCE AND SPECIES DIVERSITY OF ADULT TABANIDAE
(DIPTERA) AT LAKE LANSING PARK-NORTH, MICHIGAN
Jeffrey D. Strickler and Edward D. Walkerl,2

ABSTRACT
A two year study was undertaken to determine the seasonal abundance and
diversity of adult deer flies and horse flies, to compare two methods of sampling
(Malaise trap and sweep net), and to estimate attack rates by tabanids on people
at Lake Lansing Park-North, Ingham County, Michigan, in 1990 and 1991.
Tabanids were sampled using dry ice-baited Malaise traps, and by making over
head sweeps with a standard insect net while hiking a trail. Hybomitra spp. (299
individuals of 9 species) peaked in abundance in mid-May to early June in both
years. Chrysops spp. (11,675 individuals of 14 species) and Tabanus spp. (324
individuals of 8 species) peaked in early-to late-July in both study years. Peak
abundance for Chrysops and Tabanus spp. occurred earlier in 1991 than 1990,
probably because the spring of 1991 was warmer. There were six new species
records for
County. More individual Hybomitra and Tabanus were
taken by M
traps (77.3% for Hybomitra; 76.2% for Tabanus) than by
netting (22.7% for Hybomitra; 23.8% for Tabanus). In contrast, sweep netting
yielded more individual Chrysops (98.3%) than Malaise traps (1.7%). Tabanid
attack rates on people hiking the trail exceeded 1,000 per hour on one occasion
each year, at nud-season.

Deer flies and horse flies (Diptera: Tabanidae) comprise an important group
of pests of humans and livestock in Michigan. These flies cause a painful bite
owmg to their blood-feeding habit, and in many areas of Michigan they are very
abundant during the summer season, when people visit outdoor recreation
areas. The abundance of deer flies and horse flies is undoubtedly due, in part, to
the association of the immature stages with wetlands which are common in
many areas of Michigan. However, there is very little information on the distri·
bution and abundance of this important group of nuisance insects in the state.
Hays (1956) provided county-level information on distribution of tabanids in
Michigan and gave anecdotal information on seasonal abundance.
We initiated an investigation of the seasonal abundance and diversity of
adult deer flies and horse flies in a county park in south-central Michigan, in
1990 and 1991. The purpose of the study was three-fold: (I) to examine seasonal
distribution of different species of Tabanidae, and to compare this information
between years; (2) to compare two sampling methods (overhead sweep net and
Malaise trap) for diversity and abundance of tabanids; and (3) to estimate
attack rates of tabanids on people in a summer recreation area, in order to
clarify the role these insects might have as a nuisance factor for park users.

IDepartment of Entomology. Michigan State University, East Lansing, MI 48824.
2Author to whom reprint requests should be sent.
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MATERIALS AND METHODS
Once per week beginning in mid-June until mid-September, 1990, and mid
May until early-September, 1991 adult tabanids were collected at Lake Lansing
North County Park, in Ingham County, Michigan. The flies were sampled by
two methods: first, Malaise interception traps (one in 1990, two in 1991) were
set up and baited with one kilogram of dry ice as a carbon dioxide attractant.
The trapping area was a wooded picnic area at the trail head. In 1991, the traps
were set up adjacent to each other at the same site. Black buckets were placed
at the bottoms of each trap to act as a visual stimulus to supplement the dry ice
attractant. For the second sampling method, a collector walked a hiking trail
and caught any tabanids that were attracted to him using overhead sweeps
with an insect net. Tabanids were then killed in a standard killing jar. The hike
took about one and one-half hours, after which the Malaise traps were emptied.
Tabanids were identified using keys in Pechuman et al. (1983) and Teskey
(1990).
Lake Lansing-North County Park is popular with local residents for a vari
ety of activities in summer and winter. The park is about 410 acres in size, has
several wooded picnic areas, and several miles of hiking trails that weave
through uplands and wetlands.
Degree-days from 1 March to 28 June, 1990-1991, were calculated with a
base temperature of 5.6°C as in Allen (1976), using temperature data from the
agricultural experiment station at Michigan State University.
RESULTS AND DISCUSSION
A total of 6,910 tabanids were collected in 1990 and 5,388 tabanids in 1991
for a two-year total of 12,298 individuals. Collections consisted of 31 species in 3
genera (Chrysops, Hybomitra, and Tabanus). This is more than half of the 53
species of Tabanidae that Hays (1956) documented to occur in Michigan. The
abundance of different species taken by both sampling methods for both years
is shown in Table 1. Chrysops vittatus Wiedemann was the most abundant
tabanid in all collections, comprising 82.7% of all flies taken in 1990 and 74.0%
in 1991. In contrast, Gojmerac and Devenport (1971) found Chrysops striatus
Osten Sacken to be the dominant tabanid in seasonal collections in southern
Wisconsin. In our study, however, C. striatus comprised less than 0.1 % of all
flies collected. Other common deer flies collected were Chrysops aberrans Philip,
Chrysops univittatus Macquart, and Chrysops frigidus Osten Sacken, Chrysops
celatus Pechuman, and Chrysops sackeni Hine. Uncommon species were Chrys
ops callidus Osten Sacken, Chrysops cincticomis Walker, Chrysops montanus
Osten Sacken, Chrysops niger Macquart, Chrysops pudicus Osten Sacken,
Chrysops macquarti Philip, and Chrysops indus Osten Sacken.
Tabanus lineola Fabricius, Tabanus pumilus Macquart, and Tabanus sack
eni Fairchild were the most common Tabanus spp. collected, while Tabanus
trimaculatus Palisot de Beauvois, Tabanus sparus Whitney, Tabanus ameri
can us Forster, Tabanus atratus Fabricius, and Tabanus fairchildi Stone were
rare in collections. Hybomitra epistates Osten Sacken, Hybomitra lasioph
thalma (Macquart), Hybomitra illota (Osten Sacken) were the most common
Hybomitra spp. in collections, while Hy"bomitra frontalis (Walker), Hybomitra
hinei (Johnson), Hybomitra minuscula (Hine), Hybomitra pechumani Teskey &
Thomas, Hybomitra sodalis (Williston), and Hybomitra zonalis (Kirby) were
rare in collections.
Although there were no new Michigan state records collected in this study,
C. celatus, C. sackeni, H. hinei, H. minuscula, H. pechumani, and T. fairchildi
were new records for Ingham County.
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Table 1. Number of each species caught by overhead sweep net and Malaise trap in 1990 and
1991. One Malaise trap was set up in 1990, and two traps were set adjacent to each other in
1991.
1990
Sweep
Net

C.
C.
C.
C.
C.
C.
C.
C.
C.
C.
C.
C.

celatus
cincticomis
frigidus
indus
macq uarti
montanus
niger
pudicus
sackeni
striatus
univittatus
vittatus
Total Chrysops
Hybomitra epistates
H. fro ntalis
H. hine;
H. illota
H. lasiophthalma
H. minuscula
H. pechumani
H. sodalis
H. zonalis
Total Hybomitra
Tabanus americanus
T. atratus
1'. fairchildi
1'. lineola
1'. pumilus
T. sparus
1'. sackeni
1'. trimaculatus
Total Tabanus

1991
Malaise
Trap

Sweep
Net

Malaise
Traps*

Total
13
139
9
149
1
1
2
2
2
60
9
406
9,704
11,675

0
31
0
15
0
1
0
0
2
9
5
218
5,705
6,626

0
0
0
34
0
0
0
0
0
7
0
12
12
92

6
107
4
50
1
0
2
1
0
35
4
173
3,971
4,851

14
7
1
5
50
0
0
0
1
0
9
0
3
16
106

7
1
1
1
5
1
0
0
0
16

26
0
0
3
15
0
0
0
0
44

33
0
2
6
10
0
0
1
0
52

76
2
1
20
86
0
1
0
1
187

1
299

1
2
0
8
5
2
12
0
30

0
0
0
92
7
0
2
1
102

0
0
0
6
34
0
6
1
47

0
0
1
89
50
0
3
2
145

1
2
1
195
96
2
23
4
324

142
3
4
30
116
1
1
1

*Data represent total of two traps.

The percentage of flies in each genus caught by sweep netting or in Malaise
traps is shown in Fig. 1. Two hundred and thirty-eight tabanids (12 species)
were collected in the Malaise trap in 1990, while 438 tabanids (21 species) were
collected in the two traps set in 1991. A total of 6,672 tabanids (21 species) were
collected in 1990 by sweep netting, while 4,950 flies (21 species) were collected
by the same method in 1991. Chrysops spp. were mainly collected by sweep
netting although C. frigidus and C. sackeni were also taken more evenly by both
sampling methods. A higher percentage of the total of Tabanus spp. and
Hybomitra sp.p. were taken in the Malaise trap, with comparatively fewer taken
by sweep nettIng. Similarly, Tallamy et al. (1976) found that Tabanus spp. and
Hybomitra spp. were taken in greater abundance in Malaise traps versus aerial
netting in New Jersey.
The seasonal abundance trends for the 3 genera collected in 1990 and 1991
are shown in Fig. 2. Hybomitra spp. were most abundant in late May to early
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Figure 1. Percentage of individual Chrysops, Hybomitra, and Tabanus caught by
sweep net and Malaise traps in 1990 and 1991, with total numbers collected inside the
bars.

June in both study years. Both Chrysops spp. and Tabanus spp. showed uni
modal peaks in abundance in mid-summer with declines in numbers by early to
mid-September. In 1991, Chrysops and Tabanus spp. peaked in abundance ear
lier than in 1990. Chrysops spp. peaked 3 weeks earlier and Tabanus spp. peaked
six weeks earlier in 1991. Degree-day accumulations during spring and early
summer (Fig. 3) showed that 1991 was warmer than 1990 by 346 degree-days,
possibly explaining the earlier peaks of Chrysops spp. and Tabanus spp. in 1991.
Gojmerac and Devenport (1971) suggested that Tabanidae appear earlier in
years that have warmer spring temperatures.
Sweep net collections indicated a peak biting rate on the human hiker of
1,060 tabanids per hour on July 27, 1990, and 1,065 tabanids per hour on 5 July
1991. These data suggest that tabanids could be a major nuisance to people
using the park for recreational purposes.
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SOLVENT DEACTIVATION OF MIMOSA WEBWORM LARVAL WEBBING
(LEPIDOPTERA: PLUTELLIDAE)
Robert C. North!, Elwood R. Hart2 and Lu MingXian 3

ABSTRACT
Untreated larval webbing of the mimosa webworm, Homadaula anisocen
tra stimulated oviposition. Six-week-old webbing was as active as two-day-old
webbing. Stimulatory activity of webbing was lost after rinsing with highly
polar solvents, but not after rinsing with nonpolar solvents. Addition of the
polar solvent rinses did not induce activity in other substrates nor restore
activity to rinsed webbing. No differences in structure were found in a scan
ning electron microscope examination of unrinsed webbing and webbing
rinsed with solvents of varying polarity.
Numerous studies of con specific oviposition-deterring mechanisms, espe
cially pheromones, have been conducted (e.g., Prokopy 1981, Prokopy et al.
1984, Averill and Prokopy 1987). Such communication among adults is com
monly encountered, but intraspecific communication that stimulates oviposi
tion, especially between immatures and adults of the same species, is less well
documented.
A mandibular gland secretion of final instar Mediterranean flour moth,
Anagasta kuehniella Zeller, influenced oviposition behavior of adults of the
species (Corbet 1973). Larval-adult communication in the navel orangeworm,
Amyelois transitella (Walker) was noted and it was hypothesized that a phero
mone produced by the larvae may have been responsible for the increased
attraction and oviposition by females on infested mummy nuts (Andrews and
Barnes 1982). In these and similar studies, it is difficult to separate plant
effects from larval effects. A clear demonstration of larva-produced factors is
not easily accomplished.
Larval trail marking functions of silk are known to occur in a number of
lepidopterous species (e.g., Fitzgerald and Edgerly 1979, Peterson 1988). The
use of larval silk as an intraspecific oviposition marker is less documented. In
our previous studies of the mimosa webworm, Homadaula anisocentra Mey
rick (Lepidoptera: Plutellidae), we reported that oviposition was stimulated by
the presence of larval webbing, even in the absence of plant material (North
and Hart 1983). We also noted that old larval webbing (no active larval feeding
evident) in infested trees did not induce oviposition.
In a preliminary examination of this phenomenon, we observed that
webbing that had been wetted during tree watering seemed to have a reduced

IDepartment of Husbandry, Monterey Bay Aquarium, 886 Cannery Row, Monte
rey, CA 93940.
2Department of Entomology, Iowa State University. Ames. IA 50011.
3Department of Plant Protection, Shenyang Agricultural College. Shenyang.
Liaoning Province, The People's Republic of China.
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ability to induce ovifosition. A parallel phenomena has been noted in the
reduction by water 0 the trail marking function of lepidopterous silk (Roes
singh 1990). In this paper we report a series of experiments that examine this
deactivation in the mImosa webworm. The major objective of these experi
ments was to define the effects of water on the activity of webbing. We also
examined the effects of solvents of differing polarity on the activity of the
webbing, as well as the role of physical factors in the activity of the webbing.

MATERIALS AND METHODS
Two series of multiple-choice experiments were designed to determine the
effects and interactions of different solvents and substrates on webbing activ
ity. The first series, consisting of four sets, was designed to determine if
activity could be modified by solvents of differing polarity. Different sub
strate combinations were rinsed with selected solvents and then bioassayed
for oviposition-inducing activity. The second series, consisting of seven sets,
was designed to determine whether or not that activity, once removed, could
be recovered by adding those solvent rinses to different substrates. Different
combinations of substrate were rinsed with the solvent and the wash solution
was pipetted back onto the original substrate or onto other selected sub
strates. Those substrates were then bioassayed for activity.
To determine if physical changes in webbing were involved in the ability of
webbing to stimulate oviposition, we conducted a bioassay of silken sub
strates as well as a scanning electron microscope study of treated webbing.
With only minor modifications, the oviposition cages, rearing methods,
light regimes, and treatment preparations as described in North and Hart
(1983) were used. Larger, rectangular, nylon-screen, wooden frame cages (64 x
64 x 40 cm) were used. to accomodate an increase in the number of treatments
for some of the multiple choice experiments.
Removal of Activity. In sets 1, 2, 3, and 4, mature honeylocust leaves
(more than 6 weeks old), either: (a) alone. (b) in combination with old larval
webbing (more than 6 weeks old) or, (c) in combination with new larval
webbing (less than 2 d old) were removed from infested 'Shademaster' honeylo
cust trees. After removal, the petiole of each leaf was placed immediately into
a florist's Aquapic filled with tap water. The exposed portion of the leaf was
rinsed individually by swirling it in 50 ml of a fresh select solvent for 30 sec.
The Aquapic with its rinsed leaf was placed into the drainage hole in the
bottom of an inverted clay flower pot (d = 17 cm, h 16.5 cm) and allowed to
dry. The inverted pot was then placed into a large screen cage, with the top of
the leaf approximately 15 em from the top of the cage, well within the search
ing pattern of mated mimosa webworm.
For each replication in each set, nine treatments (Table 1) were assigned
randomly to positions within a cage. Three cages were used during a replica
tion. The cages were rotated randomly in position within the greenhouse each
day, and were washed and rotated randomly between replications. Sets 1, 2,
and 3 were replicated three times and set 4 was replicated twice. For each
replication, five mated females were released in each cage in sets 1, 2, and 3,
and ten mated females were released in each cage in set 4. Eggs were counted
for 3 d in each replication for sets 1, 2, and 3, and for 2 d in each replication for
set 4.
In set 1, mature leaves, mature leaves with old webbing, and mature
leaves with new webbing were used. Two polar solvents (distilled water and
95% ethanoll and a nonpolar solvent (hexane) were used as a rinse for selected
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Table 1. Mimosa webworm eggs oviposited on rinsed substrates.
Oviposition
substrate

Rinse
solvent

n

(x ± SD)a

none
none
hexane
ethanol (95%)
water
none
water
hexane
ethanol (95%)

9
9
9
9
9
9
9
9
9

12.0 ± 4.8
11.4 ± 4.5
8.2
5.0
1.6
0.9
0.2 ± 0.3
0.0
0.0
0.0
0.0

leaves+ new webbing
leaves + old webbing
leaves + old webbing
leaves + new webbing
leaves + larval silk wrap
leaves + larval silk wrap
leaves + new webbing
leaves + old webbing
leaves + larval silk wrap

Set 2
none
none
hexane
hexane
none
hexane
water
water
water

9
9
9
9
9
9
9b
9
9

26.9
11.4
24.1
10.2
14.2 ± 10.1
13.2 ± 8.5
10.1 ± 6.3
7.0 ± 6.0
4.0 ± 6.2
0.3 ± 0.5
0.0

leaves
leaves
leaves
leaves
leaves
leaves
leaves
leaves
leaves

+
+
+
+

Set 3
hexane
none
acetone
ethanol (95%)
acetone
water
hexane
ethanol (95%)
water

9
9
9
9
9
9
9
9
9

leaves
leaves
leaves
leaves
leaves
leaves
leaves
leaves
leaves

+ new webbing
+ new webbing
+ new webbing

leaves
leaves
leaves
leaves
leaves
leaves
leaves
leaves
leaves

+
+
+
+

old webbing
new webbing
old webbing
old webbing

+ old webbing

new
new
new
new

webbing
webbing
webbing
webbing

+ new webbing

No. eggs

9.3
9.0
2.8
1.0
0.7
0.1

±
±
±
±
0.0
00
0.0

5.3
4.4
1.5
1.3
1.1
0.3

Set 4

(simulated feeding)
+ new webbing

none
hexane
methanol
none
methanol
none
water
hexane
water

6
6
6
6
6
6
6
6
6

20.8 ± ILl
16.5 ± 7.3
2.8 ± 1.8
0.3 ± 0.6
0.2 ± 0.3
0.0
0.0
0.0
0.0

a X = number of eggs oviposited by single female over 3 days.
b One experimental unit contaminated by larva during replication three, cage one.

combinations of leaves and webbing. Following rinsing, the substrates were
tested for activity, as measured by oviposition.
In set 2, we used a polar solvent (distilled water) and a nonpolar solvent
(hexane). The rinsed substrates included leaves with old webbing and leaves
with new webbing. A third combination, leaves with a freshly spun larval silk
wrap (North and Hart 1983), was used to isolate the silk from other possible
larval-produced substances (e.g., frass) that may have influenced ovipositional
activity.
In sets 3 and 4 we used two additional solvents of intermediate polarity.
These were added after evidence indicated that the highly polar solvent, dis
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tilled water (also present in the 95% ethanol), was eliminating oviposition
activity in the webbing and silk wraps, In set 3, we used distilled water, 95%
ethanol, acetone, and hexane as solvent rinses, Leaves with and leaves with
out new webbing were used as substrates, In set 4, we used distilled water,
absolute methanol, and hexane as solvent rinses. Leaves with and without
new webbing again were used as substrates, An additional treatment, simu
lated damage in the absence of larvae or webbing, was used to test for possible
oviposition-stimulating effects of damaged or senescent foliage, The simu
lated damage was prepared by removing the dorsal surface of leaflets with a
razor blade.
Restoration of Activity, To determine whether any activity could be
transferred to other material by the rinse solvent after rinsing leaves, silk, or
webbing, a second series of tests was conducted. The objective of these tests
was to determine if activity could be restored to a deactivated webbing sub
strate or conferred to other selected substrates by addition of the rinse mate
rial.
This second series of tests involved rinsing fresh webbing, larval silk, or
macerated honeylocust leaves with solvents of differing polarity. The rinse
material was pipetted onto various substrates and the ovipositional activity
of webworm adults on the rinse plus substrate was recorded.
Nine treatments were used in each of sets 5, 6, 7, and 8. Position assign
ment and cage manipulation were carried out as described. Eggs were counted
daily for 2 d, Ten mated females were used in each cage. Each experiment was
replicated twice. The treatments were prepared by rinsing 10 mature honeylo
cust leaves and their associated new larval webbing in 50 ml of solvent for 1
min, The solvents evaluated were distilled water, 95% ethanol, acetone, and
hexane. The solvent was allowed to evaporate until a volume of 10 ml
remained. The assumption was made that any dissolved material was rela
tively nonvolatile. One ml of this concentrate was then pipetted onto filter
paper (set 5), rubber septa (set 6), cotton dental wick (set 7), or a glass slide (set
8), and allowed to dry before being bioassayed.
In sets 9, 1 0, and 1 1, four treatments were assigned randomly, each to
one of four positions within one of 14 cages on a plywood sheet (North and
Hart 1983). The cages were washed with water and exchan~ed randomly
between replications. In set 9, three mated females were placed mto each cage
during each of three replications, In sets 10 and 11, two mated females were
placed into each cage during each of two replications. In set 9, mature honey
locust leaves with new larval webbing were rinsed with 50 ml of distilled water
for 30 sec and the rinse material discarded. The leaves were allowed to dry and
then placed into cages with gravid adult females. Rinse material from fresh
larval silk that had been immersed in 4 ml solvent for 1 min was placed on the
leaves, Solvents included distilled water, 95% ethanol, acetone, and hexane. If
no oviposition took place after 2 d, 1 ml of the silk rinse was pipetted onto the
seemingly inactive webbing and leaves. Filter paper (set 10) or cotton dental
wick (set 11 ) was used as a substrate for rinse material obtained from macer
ated honeylocust leaves in a further attempt to determine any possible role
that leaf material might play in the chemical aspect of oviposition. A mature
leaf was macerated in 10 ml of solvent (distilled water, acetone, or hexane) and
1 m] of the supernatant was pipetted onto the substrate prior to bioassay.
Physical Influences on Oviposition. Two investigations of possible physi
cal influences of the silk also were performed. In the first of these, four treat
ments were tested in the smaller cages: mature honey locust leaves alone,
leaves with commercial silk fibers of the same approximate diameter as
mimosa webworm silk, leaves with fresh larval silk, and leaves from which the
larval silk had been removed mechanically. A single mated female was placed
in each of the 14 cages for each treatment; there were three replications.
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To examine if the larval silk might be modified physically by solvents of
differing polarity, a test was designed to detect possible surface changes of
the silk when wetted. Four replications of new silk were collected from a
greenhouse colony and each divided into four fractions. Each fraction was
placed onto Whatman #1 filter paper in a glass petri dish. Fraction 1 was
untreated, and fractions 2. 3, and 4 were rinsed with triple-distilled water,
reagent grade n-butyl alcohol, and hexane, respectively. The dishes were cov
ered and placed into a drying oven at 37°C for 24 hr. Each fraction was placed
into an individual gelatin capsule before being coated with gold-palladium for
scanning electron microscope examination.
Data were submitted to the Statistical Analysis System (SAS Institute
1979) for ANOVA among treatments.

RESULTS AND DISCUSSION
The results demonstrated that the oviposition-inducing activity of
webbing was increasingly reduced as solvent polarity increased. All attempts
to restore activity to deactivated webbing or to transfer activity to nonactive
substrates were unsuccessful. Evidence also indicated that physical changes
were not associated with changes in webbing activity.
Removal of Activity. Rinsing with a polar or weakly polar solvent
removed or reduced oviposition on larval webbing (Table 1). There was no
discernible difference in the number of eggs oviposited on old or on new
webbing, old webbing continuing to stimulate oviposition following air expo
sure for 6 weeks in a greenhouse.
In set 1 there was a significant difference among treatments (F = 19.6, 12
d.f., P < 0.01). Female webworms oviposited on untreated leaves and leaves
with webbing rinsed with hexane, whereas oviposition was reduced signifi
cantly or eliminated by using 95% ethanol or distilled water as a rinse. Leaves
without webbing, rinsed or not rinsed, elicited little oviposition.
Significance among treatments also occurred in set 2 (F = 32.3, 12 d.f., P
< 0.01). The webbing rinsed with hexane stimulated oviposition, whereas the
webbing rinsed with distilled water did not. Oviposition activity was less on
silk wraps than on webbing.
There was a significant difference among treatments in set 3 (F = 15.1, 12
d.f., P < 0.01). Webbing rinsed with acetone elicited reduced oviposition when
compared with unrinsed webbing and with webbing rinsed with hexane; 95%
ethanol reduced but did not eliminate oviposition. Distilled water again
reduced or eliminated any oviposition. Only a few eggs were deposited on
leaves rinsed with a polar solvent.
There also was a significant difference among treatments in set 4 (F =
26.3, 11 dJ., P < 0.01). Methanol reduced but did not eliminate oviposition on
webbing. Distilled water again eliminated oviposition on webbing. Unaltered
leaves and leaves with simulated feeding injury were seldom used as sites of
oviposition.
Similar results were observed in the trail marking properties of larval silk
of Yponomeuta cagnegellus (Hubner) (Lepidoptera: Yponomeutidae) (Roes
singh 1990). Wetting with water removed most of the communication proper
ties of the silk, hexane had little effect, and dichloromethane had but a slight
influence.
Restoration of Activity. In the replacement sets, 5 through 11, the stimu
latory properties of webbing were not restored to inactivated webbing nor
conferred to other substrates upon the addition of any solvent rinse material.
Only 10 eggs were oviposited on the treatments during the entire series.
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Table 2. Mimosa webwonn eggs oviposited on unrinsed substrates.
Oviposition
substrate

n

No. eggs
(x ± SD)a

+
wrap
leaves with silk wrap removed
leaves
leaves + commercial silk wrap

42
42
42
42

3.7 ± 3.3
1.2 ± 2.0
0.4 ± 0.7
0.0

a X = number of eggs oviposited by single female over 3 days.

Physical Influences on Oviposition. There was a significant difference
among treatments in this bioassay (F 63.3, 17 d.f., P < 0.01) (Table 2). No
eggs were deposited on the commercial silk strands. Leaves from which fresh
webbing had been completely removed maintained an ability, although signifi
cantly reduced, to induce oviposition. This suggests that chemical rather than
physical factors may be responsible for the oviposition-inducing function of
the webbing.
Larval silk examined at 20,000x and 40,000x presented no noticeable
differences in surface structure of the silk among the treatments. This also
supports a hypothesis that the stimulus probably involves chemical cues that
may be modified by polar solvents. The exact nature and physiological origin
of any chemicals that may be involved in this system are not known.
Ecologically, the major function of deactivation would seem to be,
through periodic moisture-caused declines of stimulatory cues, the deterrence
of overcolonization of food resources and the prevention of oviposition on
exhausted materials. The adaptive value of this phenomenon in preventing
oviposition mistakes, and possibly in reducing the time required to select the
appropriate host, needs further study. Also, relative to the frequency of deac
tivating events such as rainfall or heavy dew, possible larval density effects
and competition by females for oviposition sites need to be studied for this
insect relative to the concept of optimal density range of individuals per unit
of resource (Peters and Barbosa 1977, Prokopy 1981).
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DYTISCIDAE AND NOTERIDAE OF WISCONSIN (COLEOPTERA).
III. DISTRIBUTION, HABITAT, LIFE CYCLE, AND IDENTIFICATION OF
SPECIES OF COLYMBETINAE, EXCEPT AGABINP
William L. Hilsenhoff2

ABSTRACT
Nineteen species of Colymbetinae, excluding Agabini, were collected in
Wisconsin over the past 30 years. Included are three species of Colymbetes,
two species of Copelatus, three species of Cop toto mus, two species of Matus,
two species of Neoscutopterns, and seven species ofRhantus. Species keys are
provided for adults, but larvae are poorly known and species keys are pro
vided only for larvae of Matus and Neoscutopterus. Information on distribu
tion and abundance in Wisconsin, habitat, life cycle, and identification is
provided for each species based on a study of 9,857 adults and 834 larvae.
Most species had univoltine life cycles, with adults overwintering and larvae
developing mostly in spring and early summer. A partial late summer genera
tion occurred occasionally in some species of Cop toto mus, Matus, and Rhan
tus. Adults overwintered in aquatic habitats, except those of five species of
Rhantus that overwintered in terrestrial sites. Both species of Neoscutopterus
had semivoltine life cycles, with adults and larvae overwintering.

Eight genera and 53 species of Colymbetinae were collected in Wisconsin.
The tribe Agabini, which contains 24 species of Agabus and 10 species of
Ilybius from Wisconsin, will be discussed in part IV. Six genera and 19 s~ecies
are treated here as the result of a study of 9,857 adults and 834 larvae (Table
1). Included separately in Table 1 are records of beetles collected from McK
enna Pond (Hilsenhoff 1992) and at the Leopold Memorial Reserve in Sauk
County (Hilsenhoff 1993). A generic key to adults and information on collect
ing efforts, measurement of specimens, and general life cycles of Dytiscidae
are included in part I of this study (HiIsenhoff 1992). Part I also has a map of
Wisconsin with numbered counties that are grouped into nine areas.
Adults and larvae of Copelatus, Coptotomus, and Matus differ greatly
from each other and from those in remaining genera. These genera usually are
placed in separate tribes (Copelatini. Coptotomini, and Matini), and Copelatus
sometimes is placed in a separate subfamily, Copelatinae. The other three
genera, Colymbetes, Neoscutopterus, and Rhantus are in the tribe Colym
betini. Colymbetinae larvae are poorly known because most species have not
been associated with adults; species keys have not been developed for most
genera, and published generic keys do not reliably identify larvae in some
North American genera. In the most recent key (White et al. 1984), Neoscutop

1 Research supported by the College of Agricultural
Grad~ate School at the University of Wisconsin·Madison.

and Life Sciences and the

Department of Entomology, University of Wisconsin, Madison, WI 53706.
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'{'able 1. Numbers of Colymbetinae adults (A) and larvae (L) from nine areas of Wisconsin (Map
in part I), McKenna Pond (McK), and Leopold Memorial Reserve (LMR) collected between
1962 and 1992.
NW
exaratus A
0
C. paykulli A
70
C. paykulli L
0
211
C. sculptilis A
C. sculptilis L
12
Copelatus chevrolati A
0
C. glyphicus A
21
200
Coptotomus lenticus A
C. longulus A
5
C. loticus A
5
Matus bicarinatus A
0
0
M bicarinatus L
M ovatus A
0
Neoscutopterus angustus A 11
N. angustus L
1
N. hornii A
53
N. hornii L
17
Rhantus binotatus A
70
R. consimilis A
103
R. gutticollis A
0
R. sericans A
3
R. sinuatus A
14
R. suturellus A
7
R. wallisi A
17

NC NE WC C
152 92
3
3
143 144
1
3
0
0
0
0
193 211
1
0
2
6
0
0
0
0
0
0
7
1
0
0
56 51
31 54
66 34
65 156
0
0
0
0
6
6
14
3
18 13

EC SW SC SE McK LMR TOTAL
1
5
1
25
0
15
0
3
0
12 12
0
3
0
1
1
0
343
0
0
0
0
0
0
0
0
6
274 205 195 101 146 193 1690 180
3482
1 16 27
7 41 16
36
23
183
0
2
0
0
0
2
0
0
0
1
5
5
5
0
0
5
0
42
72 178 176 56 386 119
49 1227
2867
25
4
2 15 85
238
6
35
60
11 26 115 266 115 34
5 225
810
1
1 26 106
1
64
199
0
0
0 12
0
2
0
0
3
5
22
0
0
0
3
0
0
0
0
3
0
0
0
0
0
0
0
0
19
0
0
0
1
0
0
0
0
0
0
1
0
0
0
0
0
0
161
1
0
0
0
0
0
0
0
103
61 41
2 15 16
18
6 121
450
29 112 14
92
931
6 20 34 300
1
14
0
0
4 11
0
0
30
0
0
0
0
0
0
0
0
3
1 11
17
8
4
8
0
1
76
7 17
1
1
50
0
0
0
0
11
126
8 32
5
4
18
0
0

terus is not included and the character that separates Rhantus from Colymbe
tes cannot be relied upon to separate larvae in North America (Hilsenhoff
1989). This key is modified below to include Neoscutopterus and to separate
Rhantus and Colymbetes larvae that occur north of Mexico, except in coastal
states from Texas to New York and states bordering on Mexico where Rhan
tus atricolor (Aube. 1838) or R. calidus (Fabricius. 1792) occur. Adults of the
latter two species are distinctly larger than those of the other eight species of
North American Rhantus, and their larvae probably cannot be separated from
those of Colymbetes by head capsule width in the key below.

Key to Genera of Third Instar Larvae of Colymbetini·

16(15').

Tarsal claws with small spines on lower margin in basal half; labium
truncate apically (Fig. 1).................................17
16'.
Tarsal claws without small spines on lower margin in basal half;
labium distinctly emarginate apically (Fig. 2)..............16a
16a(16'). Basal segment of labial palp much shorter than maxillary stipes;
southern United States .......................... .Hoperius
16a'.
Basal segment of labial palp much longer than maxillary stipes;
boreal North America....................... .Neoscutopterus
17(16). Head capsule width < 2.6 mm; each urogomphus with one short,
spine-like seta ventrolaterally in basal half, or with many such
setae dorsally, laterally, and ventrolaterally.......... .Rhantus
17'.
Head capsule width> 2.8 mm; urogomphi may have short setae, but
none are spine-like ............................ .Colymbetes
*Only third instar larvae have lateral spiracles.

1993

THE GREAT LAKES ENTOMOLOGIST

123

Figures 1-2. Ventral view of larval labium. L Colymbetes paykulli. 2. Neoscutopterus
hornii.

Below, under each genus, is a key to adults of species that occur or may
occur in Wisconsin; a size-range for adults from Wisconsin is included for each
species. A key to third instar larvae is also included for Matus and Neoscutop
terns. Following the keys is information on distribution and abundance in
Wisconsin, general range in North America, habitat, life cycle, and identifica
tion. County records are represented by numbers on the map in part I
(Hilsenhoff 1992); records based only on larvae are marked with an asterisk.

Colymbetes ClairviIle, 1806
The genus in North America was revised by Zimmerman in 1981. Seven
species were recognized, three of which occur in Wisconsin. It is unlikely any
other species occurs in Wisconsin (Zimmerman 1981). While larvae of C. pay
kulli and C. sculptilis have been reared and described, those of C. exaratus
remain unknown; they are probably very similar to larvae of C. sculptilus, so a
larval key is not included. All species apparently have a similar univoltine life
cycle, with adults overwintering in deeper len tic habitats and flying to breed
ing sites in early spring to oviposit. Larvae rapidly complete development; no
larvae were collected after June.

Key to Species of Adult Colymbetes in Wisconsin

Legs entirely black; 15.3-18.5 mm long.................... .paykulli
Legs testaceous or rufotestaceous with infuscations ...............2
2(1). Metafemur rufotestaceous, usually with medial infuscation; penis >
5.00 mm long and evenly tapered to tip, which is barely recurved (Fig.
3); grooves of macrosculpture on pronotum of female shallow, dark in
area of black discal spot; 14.7-17.5 mm long. . . . .. . .... .sculptilis
Metafemur entirely testaceous; penis < 4.75 mm long, w-y narrow prox
imad of tip, which is distinctly recurved (Fig. 4); grovves of macros
culpture on pronotum of female deep, pale in area of black discal spot;
14.4-16.4 mm long........ ; .................. .exaratus exaratus
1.
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4

Figures 3-4. Ventral view of apical 1.0 mrn of penis. 3. Colymbetes sculptilis. 4. C.
exaratus exaratus.

Colymbetes exaratus exaratus LeConte, 1862
Distribution and Abundance: Uncommon in west-central, central, south
west, and south-central areas (Table 1). County records: 26-27, 29,40,52,61.
Range: YK-MB-IL-NE-MT-BC; Colymbetes exaratus incognitus Zimmerman,
1981 occurs farther to the southwest.
Habitat: Adults were collected from shallow cattail (Typha) ponds,
sloughs, and a sedge (Carex) marsh.
Life Cycle: The only teneral adult was collected 2 June, indicating comple
tion of larval development in May.
Identification: Larvae are unknown, but since adults are very similar to
those of C. sculptilis, their larvae probably are also very similar. Adults are
most readily separated from those of C. sculptilis by their compl
testa
ceous metafemora. However, teneral and slightly teneral C. sculp
often
have pale metafemora that lack the normal infuscation. For this reason the
pronotum of all females and genitalia of all males with pale metafemora should
be checked. The shorter penis with a tip recurved at about a 45 0 angle (Fig. 4),
and the bold macrosculpture on the pronotum of females, are diagnostic.
Colymbetes paykulli Erichson, 1837 = C. longulus LeConte, 1862
Distribution and Abundance: Common in northern third, uncommon in
central third, rare in southern third (Table 1); County records: 1-3, 5,8-21,23,
27, 30-34, 38-39, 44, 48, 57. 61. Range: YK-NF-NH-MN-SK-BC+CO.
Habitat: Although adults apparently overwinter in a variety of ponds,
after April most were collected from swamps or boggy areas that contained
Sphagnum. Five larvae were also collected from such habitats; another was
found in a sedge-cattail marsh.
Life Cycle: Larvae were collected 9-29 June, well after most larvae of C.
sculptilis had pupated. Later development than in the other two species is
probably due to their colder larval habitat.
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Identification: Because they are completely black underneath, adults
could be confused only with those of C. dahuricus Aube, 1836, a more northern
and western species that is unlikely to occur in Wisconsin (Zimmerman 1981).
In C. dahuricus the black on the pronotum is confined to the disc and does not
reach the anterior and posterior margins as it does in C. paykulli. Third instar
larvae can be distinguished from those of C. sculptilis by their greater he~d
capsule width (3.4 mm or more), 4 or 5posteroventral spines on the protarsi
instead of 2 or 3, and the presence of many extremely small, black, fine-tipped
setae on mid-abdominal sterna (Hilsenhoff 1989).

Colymbetes sculptilis Harris, 1829
Distribution and Abundance: Very common statewide (Table 1). County
records: 1-27, 29-68, 70-72. Range: AK-NF-DC-NE-CO-UT-BC.
Habitat: Almost all larvae were collected from shallow, open ponds with
cattails and sedges along their margins. Rarely, they were collected from other
habitats. Most adults also were found in such habitats.
Life Cycle: Adults apparently overwinter in ponds, which also may serve
as breeding habitats. They oviposit extremely early in spring, with most lar
vae completing development by mid-May. Third instar larvae were collected
as early as 13 April. Very few larvae were found in June; the latest collection
was from a pond in Brown County in late June.
Identification: Teneral adults can be confused with C. exaratus, as dis
cussed under that species. It is possible one or more of the 183 larvae identi
fied as C. sculptilis (Table 1) are really C. exaratus, but since adults of C.
sculptilis were 139 times more abundant than those of C. exaratus, it is likely
most or all larval identifications are correct. Separation of larvae from those of
C. paykulli is discussed under that species.
Copelatus Erichson, 1832
Copelatus is primarily tropical, with two species occurring as far north as
Wisconsin. Adults of Nearctic species were studied by Young (1963), who
provided a key and information on the distribution and identification of eight
species and three subspecies. The larva of C. glyphicus was described by
Spangler (1962); larvae of other species remain undescribed.
Key to Species of Adult Copelatus in Wisconsin
1. Each elytron with 10 impressed discal striae, alternate striae more or less
abbreviated apically; first stria twice as far from elytral suture as from
second stria; smaller, 4.5-5.1 mm long .................. .glyphicus
Each elytron with 8 impressed discal striae of about equal length; first
stria five times as far from elytral suture as from second stria; larger,
5.5-5.8 mm long ............................ .chevrolati chevrolati

Copelatus chevrolati chevrolati AuM, 1838
Distribution and Abundance: Very rare in south-central area (Table 1).
County records: 57, 61. Range: WI-ON-FL-AL; Copelatus chevrolati reno v
atus Guignot, 1952 occurs in the southwestern United States.
Habitat: The breeding habitat is unknown; one adult was collected 20
August with a black-light and another 3 October from a spring-pond, which
was likely an overwintering site.
Life Cycle: The life cycle is probably similar to that of C. glyphicus. The
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adult collected 3 October was teneral, which suggests adults overwinter in
ponds and larvae develop in late summer.
Identification: Characters in the key readily separate adults from those of
C. glyphicus. It is the only Nearctic species with eight impressed discal striae
and a submarginal stria on each elytron.
Copelatus glyphicus (Say, 1823)
Distribution and Abundance: Probably uncommon statewide (Table 1).
Collection records: 2, 33, 49-50, 54, 56-57, 61-64, 67, 72. Range: MN-ON-NF
FL-TX.
Habitat: Overwintering adults were collected in early April from a variety
of aquatic habitats, but summer collections were predominantly from shallow
temporary habitats that often were associated with streams. I suspect larvae
develop in shallow habitats flooded in summer by rain or overflow from
streams. One larva that fit Spangler's (1962) description was collected Sep
tember 21 from a temporary cattail-sedge-grass marsh on the University of
Wisconsin-Madison campus.
Life Cycle: Six teneral adults were collected 31 July through 3 October,
half of them in light traps. All 29 adults collected 3 April through 14 July were
fully sclerotized; most were collected by bottle traps in early April. Adults
apparently overwinter in lentic habitats and fly to recently flooded shallow
habitats in summer to oviposit. Larvae then develop in these habitats, pupate
on land, and subsequently newly-emerged adults fly back to overwintering
sites to complete the univoltine life cycle.
Identification: No other small dytiscid in Wisconsin has 10 impressed
discal striae and a submarginal stria on each elytron.

Coptotomus Say, 1834
Prior to 1980, only C. longulus, a western species, and C. interrogatus
(Fabricius, 1801) were thought to occur in the north-central United States and
Canada. My study of this genus (Hilsenhoff 1980) revealed C. interrogatus
was a southern and east coast species that was usually misidentified as C.
obscurus Sharp, 1882, and adult Coptotomus from north-central North Amer
ica that had been identified as C. interrogatus were two undescribed species,
which I named C. lenticus and C. loticus. Adults of the three species that occur
in Wisconsin can be readily identified by differences in dorsal color patterns
(Figs. 5-7), although there is considerable variation between darkly and
lightly pigmented specimens. The metasternal wing is always distinctly nar
rower in C. loticus than in the other two species, and almost always wider in C.
longulus than in C. lenticus.
Without explanation, Larson and Roughley (1991) treated C. lenticus as a
junior synonym of C. longulus. These species are sympatric in Wisconsin and
Manitoba, but I have never found an intermediate specimen in Wisconsin and
none were present in the University of Manitoba collection, which I examined.
To aid future identifications, variations in dorsal color and structural charac
ters are discussed at length under each species.
Larvae of this genus are unique among Dytiscidae because they have long
lateral filaments on the first six abdominal segments. I was unable to find
characters to separate the 162 larvae that were collected. Bottle traps were
more effective than a net for collecting larvae, while adults were just as read
ily collected with a net as with traps (Hilsenhoff 1991).
All three Wisconsin species are normally univoltine, with overwintering
adults mating and ovipositing in the spring. Most larvae develop in late
spring and early summer, with adults emerging in early and mid-summer.
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Figures 5-7. Left half of Coptotomus (dorsal view) showing typical markings. 5. C.
loticus. 6. C. lenticus. 7. C. longulus.

With one exception, all larvae were collected in June and July, and all teneral
adults were collected between late June and early September. The notable
exception, which will not be repeated below, was the collection of one second
instar and 10 third instar larvae along with two very teneral adult C. lenticus
and one teneral adult C. loticus on 7 March 1990. These specimens were
collected at the Leopold Memorial Reserve from a vernal pond, which when
flooded in the spring, is connected by a ditch to a large, permanent, cattail
marsh adjacent to the Wisconsin River. The larvae probably developed in this
marsh and overwintered there during an unusually mild winter. Exceptionally
warm, late winter temperatures apparently induced some larvae to pupate and
emerge.
Key to Species of Adult Coptotomus in Wisconsin

Metasternal wing narrow, < 0.29 mm at narrowest point adjacent to
mesocoxa (not includin~ bead); elongate pale marks at base of elytra
broad in relation to theIr length (Fig. 5); 6.8-8.1 mID long... .loticus
Metasternal wing wide, > 0.32 mID at narrowest point adjacent to meso
coxa; elongate pale marks at base of elytra narrow, except for a short,
lateral, posterior-projecting extension at base (
. 6-7) ......... 2
2(1). Irrorate area of elytra with solid black areas later
and basally (Fig.
6); a solidly-pigmented, submarginal, black or brown dash near middle

1.
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of each elytron (Fig. 6), which rarely may extend to near the apex;
7.2-8.5 mm long .................................... , .lenticus
Irroration of elytra uniform, with a darker area at base and at most some
darkening at edges (Fig. 7); submarginal dash absent (Fig. 7), or nar
row and containing several pale spots 7.3-8.6 mm long, .. .longulus

Coptotomu8 lenticu8 Hilsenhoff, 1980
Distribution and Abundance: Very common statewide (Table 1). County
records: 1-59,61-62,65,67-72. Range: SK-PE-FL-TN-IL-MN.
Habitat: Almost all adults were collected from permanent ponds or deep
permanent marshes. Larvae were also collected from such habitats and
assumed to be this species or C. longulus. Adults of C. lenticus and C. longulus
frequently occurred together in the same habitat; sometimes all three species
were found in ponds near rivers.
Life Cycle: Adults were collected from February to November, bein~
somewhat more abundant from June to October. All larvae from lentic habI
tats, most of which were probably this species, were collected between 5 June
and 21 July; teneral adults occurred between 16 July and 10 September,
mostly in late July. This suggests adults overwinter in permanent ponds and
marshes, and the life cycle is normally univoltine as described for the genus.
Identification: Adults (Fig. 6) are characterized by: (1) an uneven density
of irrorations on the elytra, with basal and lateral maculae often solid black or
nearly so; (2) a wide black sutural stripe in the Iniddle third of the elytra; (3) a
pair of elongate pale stripes at the base of the elytra with a short, posterior
projecting lateral extension; (4) a solid black or brown submarginal dash near
the middle of each elytron; and (5) the lack of a distinct tooth on the posterior
protarsal claws of males. In C. longulus irrorations on the elytra are always
very uniform throughout and the sublateral dash is absent or, occasionally,
narrow and containing several pale spots. In both C. longulus and C. loticus
the sutural stripe is always uniformly very narrow in the middle third of the
elytra. In some specimens of C. lenticus the black sutural stripe may be nar
rowed near the Iniddle, but it is never uniformly very narrow in the Iniddle
third. The basal pale stripes are much narrower and usually longer than in C.
loticus. The posterior protarsal claw of males is only somewhat ridged, but
never distinctly toothed as in C. longulus. The narrowest width of the meta
sternal wing adjacent to the mesocoxae (not including the bead) in 50 speci
mens from throughout Wisconsin ranged from 0.325-0.413 mm (mean =
0.366 mm), and was almost always narrower than that of C. longulus (range
00400-0.500 mm, mean
0.448 mm). It was always wider than in C. loticus
(range 0.200-0.288 mm, mean = 0.256 mm). The ratio (WC/wS) of the narrow
est width of the metasternal wing (WS), to the width of the metacoxal plate
(WC) along the same line was always greater in C. lenticus (5.13-6.00) than in
C. longulus (3.89-4.81). Black anterior and posterior marks on the pronotum
are usually wider than in C. longulus and narrower than in C. loticus, but in
many individuals they are siInilar to these species.
Coptotomu8 longulu8 LeConte, 1951
Distribution and Abundance: Uncommon in north and east, fairly com
mon in south and west (Table I), County records: 1, 3, 6, 14, 25, 27-30, 33,
35-37, 44, 48-51, 53-54, 56-62, 69-70, 72. Range: BC-MB-IN-MO-SD-OR.
Habitat: Adults were collected from margins of permanent ponds and
other permanent lentic habitats.
Life Cycle: Adults were found from March to November; teneral adults
occurred from 27 June to 2 August. This suggests a univoltine life cycle as
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described for the genus, with adults overwintering in permanent ponds and
marshes.
Identification: Adults (Fig. 7) are characterized by: (1) their very uniform
elytral irrorations; (2) a uniformly very narrow black sutural stripe in the
middle third of the elytra; (3) broad metasternal wings; (4) a pair of narrow,
elongate pale stripes at the base of the elytra that usually lack a posterior
projecting lateral extension at the base; (5) the lack of a solid submarginal
dash; and (6) narrow anterior and posterior black bars on the pronotum that
are separated by at least twice the width of the posterior bar. Elytral irrora
tions are uneven in the other two species, especially in C. lenticus, which has a
much broader black sutural stripe. The pale stripes at the base of the elytra
are much narrower than in C. loticus and the black bars on the pronotum are
always much more widely separated than in that species. While the solid
submarginal dash is absent, in about 15% of specimens there is a narrower
dash that contains pale spots and is usually connected to a posterior series of
dark spots that tend to coalesce.

Coptotomus loticus Hilsenhoff, 1980
Distribution and Abundance: Uncommon in northern third, common in
southern two-thirds (Table 1). County records: 3, 6-7, 14, 20-21, 26, 30-32,
36-39, 41, 44, 49-68, 60-64, 67-68, 70. Range: ON-PQ-FL-TX-AR-WI.
Habitat: Most adults were collected from streams, or sloughs and ponds
associated with streams, but 31 were also collected from permanent ponds
that were not associated with streams and 11 were found in lakes. Eleven
teneral adults were collected in a light trap; all other teneral specimens (20),
except one, were collected in association with lotic habitats. Three Coptoto
mus larvae, which were probably this species, were collected from margins of
streams. Larvae probably develop along margins of streams and in side
channels, sloughs, and ponds that are associated with streams.
Life Cycle: Teneral adults were collected between 23 June and 29 August,
which suggests a univoltine life cycle as described for the genus. Numerous
adults were collected from October through March in streams and sloughs,
which were their principal overwintering sites.
Identification: Adults (Fig. 5) are characterized by: (1) a narrow metaster
nal wing; (2) wide, and usually short pale stripes at the base of the elytra with
a prominent posterior-projecting lateral extension; (3) wide anterior and poste
rior dark marks on the pronotum that are narrowly separated and usually
more fuscous than black; (4) uneven and often sparse irrorations on the elytra;
(6) a very narrow black sutural stripe in the middle third of the elytra; and (6) a
dark submarginal dash near the middle of the elytra. The anterIOr and poste
rior dark marks on the pronotum are never separated by more than the width
of the basal mark, as in C. longulus and many C. lenticus. The posterior
protarsal claws of the male are weakly toothed.

Matus Aube, 1936
The most recent key to adults of the four North American species appears
in Young (1963). Wisconsin is at the northern edge of the range of two species;
the other two occur farther south. Almost all adults were collected with bottle
traps, and most larvae were collected with a net. Larvae of both Wisconsin
species were described and can be identified by comparisons in Wolfe and
Roughley (1986); two of these comparisons are used in the key below.
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Key to Species of Adult Matus in Wisconsin
1. Metacoxal plate with at most a hint of reticulate microsculpture; elongate
oval, attenuate behind; 7.9-9.3 mm long................ .bicarinatus
Metacoxal plate with distinct reticulate microsculpture; ovate, not very
attenuate behind; 8.9-9.4 mm long .................. .ovatus ovatus
Key to Species of Third Instar Larvae of Matus in Wisconsin
1. Eleven or fewer posteroventral spines on metatarsus; 20 or fewer spines on
inner ventral surface of procoxa ....................... . bicarinatus
Fifteen or more posteroventral spines on metatarsus; at least 23 spines on
inner ventral surface of procoxa .................... .ovatus ovatus
Matus bicarinatus (Say, 1823)
Distribution and Abundance: Fairly common in southern third, rare in
central third (Table 1). County records: 36, 46, 50-51, 54-57, 59-61, 70*, 71.
Range: WI-ON-MA-VA-TX.
Habitat: Adults were collected from permanent ponds and marshes that
were almost always near or associated with large streams. Water levels in
these habitats often were influenced by the water level of the stream. Ten
collections of larvae were also from ponds or marshes associated with large
streams; one was from a small, deep pond that was not near a stream.
Life Cycle: Adults overwinter in areas that are likely their breeding sites,
since many were trapped from such areas very early in the spring. All second
and third instar larvae were collected 31 May to 15 June. Teneral adults were
collected at light traps 16 and 23 July, and another was collected from a
permanent pond 17 September. This suggests most larvae develop in late
spring and early summer and occasionally there is a second or delayed genera
tion in late summer.
Ideutification: Adults of the two species are very similar, but in M ovatus
the elytra are more rounded in the apIcal third and the metacoxal plate has a
distinct alutaceous microsculpture that is easily seen at 72X. Larvae can be
identified by differences noted by Wolfe and Roughley (1985).
Matus ovatus ovatus Leech 1941
Distribution and Abundance: Very rare in southeast area (Table 1).
County records: 71-72. Range: WI-PQ-VA-IL; Matus ovatus blatchleyi Leech,
1941 occurs farther south.
Habitat: Two adults were collected from ponds closely associated with the
Fox River in Racine County, which suggests their habitat is similar to that of
M bicarinatus.
Life Cycle: Adults were collected in early April, early June, and early
October. The life cycle is probably similar to that of M bicarinatus. No larvae
or teneral adults were found.
Identification: Differences are discussed under M bicarinatus.
Neoscutopterus J. Balfour-Browne, 1943
Both species are restricted to boreal North America. Larson (1975) pro
vided descriptions of adults, a key to species, and notes on distribution and
natural history. He also noted an association of adults with cold water and
Sphagnum. Larvae were unknown before 1989, when I described third-ins tar
larvae and compared them with larvae of other Colymbetini (Hilsenhoff 1989).
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Because most larvae and adults inhabit Sphagnum, they are very difficult to
capture with a net; almost all specimens were collected with traps.
Key to Species of Adult Neoscutopterus in Wisconsin
1. Visible abdominal sternum 2 rufous mediolaterally; antenna and palpi
entirely rufous, at most vaguely darker apically; 14.8-17.2 mm lon~
...................................................... ..homn

Abdominal sterna entirely piceous to black; antenna and palpi infuscate on
apical segments; 14.5-17.1 mm long ..................... .angustus
Key to Species of Third Instar Larvae of Neoscutopterus in Wisconsin
1. Urogomphus shorter, < 0.75 length of last abdominal segment; basal seg
ment of labial palp about 1.30 times length of distal segment .. .homii
Urogomphus longer, > 0.80 length of last abdominal segment; basal segment
of labial palp about 1.15 times length of distal segment ....... .angustus
Neoscutopterus angustus (LeConte, 1850)
Distribution and Abundance: Uncommon in northern third (Table 1).
County records: 1, 5, 11-13, 15, 18. Range: YK-NF-ME-WI-BC.
Habitat: Adults and larvae were found only in black spruce-tamarack
(Picea mariana-Larix laricina) swamps containing Sphagnum and scattered
trees.
Life Cycle: Adults were collected from late April to late August. Six
teneral adults and one recently molted third-instar larva were collected in mid
August. I believe the life cycle is semivoltine. Adults emerge in August and
perhaps early September, overwinter, and probably oviposit in spring when
habitats become free of ice. Eggs hatch in May and larvae develop throughout
the rest of the year to overwinter as immature third instar larvae. Larvae
complete development the following spring and summer, and pupate in late
July or August.
Identification: Characters in the key readily distinguish adults of the two
species. The pronotum in lateral view abruptly curves downward to the rear
just anterior to its base, while it is evenly curved or straight in N hornii.
Additional characters for identification of larvae appear in Hilsenhoff (1989).
Neoscutop.terus hornii (Crotch, 1873)
Distnbution and Abundance: Common in northern third, rare in central
area (Table 1). County Records: 1-3, 5-6, 8-9, 11-12, 15-19, 20*, 23*, 34.
Range: AK-LB-WI-BC.
Habitat: Almost all adults and larvae were collected from swamps or bogs
containing Sphagnum. Two collections containinf. both larvae and adults were
from ditches in sedge-grass areas in early Apri , but water in these ditches
could have flowed out of swamps during the spring thaw.
Life Cycle: Bottle trap collections of adults (52) and large third instar
larvae (88) in April show that both overwinter. No larvae were collected in
Mayor June. One small third instar larva was collected 19 July, and two first
and two second instar larvae were collected in mid-August along with several
large third instar larvae that were almost as large as those collected in April.
Teneral adults were collected at five different sites from 20-29 June. Collec
tions of larvae and teneral adults suggest a semivoltine life cycle with over
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wintering third instar larvae pupating in late Mayor early June, and adults
emerging, mating, and ovipositing in late June and early July. Larvae begin
development in July or early August, probably spend the first winter as sec
ond instar larvae, continue development the following spring and summer,
and spend a second winter as mature third instar larvae. Overwintering adults
were individuals that perhaps did not mate the previous summer, but instead
waited until the following spring to mate and oviposit. Their progeny would
begin development in early summer as described above, and thus they would
have a three-year life cycle.
Identification: Separation of adults and larvae from those of N. angustus
is discussed under that species.

Rbantus Dejean, 1833
The genus in North America was revised by Zimmerman and Smith in
1975. Ten species occur in North America; seven of them occur in Wisconsin.
Adults of six of the Wisconsin species are similar to each other, with a testa
ceous head that is mostly black in the posterior half, a mostly testaceous
pronotum, and testaceous elytra covered with black irrorations. Adults of the
seventh species, R. sinuatus, are very different, being entirely dark and hav
ing a basally sinuate pronotum; they superficially resemble Agabus erichsoni
Gemminger and Harold, 1886 and some species of Ilybius.
The larva of R. binotatus was described by James (1969), that of R. seri
cans (as notatus) by Watts (1970), and that of R. consimilis by Barman (1972).
These descriptions are too incomplete to permit identification of larvae of
these species, but all were noted to have several spine-like setae on the uro
gomphi. I studied 357 third instar Rhantus larvae from Wisconsin, but efforts
to find characters by which all species can be identified were fruitless. There
are two types of larvae, those with 10 to 20 short, spine-like setae dorsally,
laterally, or ventrolaterally on the urogomphi, and those with a single spine
like seta ventrolaterally between the basal third and basal half of each uro
gomphus. In the latter, the urogomphi are distinctly shorter than the last
abdominal segment; I believe these are larvae of R. wallisi and R. suturellus.
Among larvae with several spine-like setae on each urogomphus, most of
those with urogomphi about equal in length to the last abdominal segment are
probably R. consimilis as described by Barman (1972), and most of those with
urogomphi distinctly longer than that segment are probably R. binotatus as
described by James (1969), but some may be R. gutticollis. Since adults of R.
sinuatus are very different and placed in the subgenus Nartus, I expect their
larvae are also noticeably different, but I have not seen any larva that differs
from those described above.
Galewski (1964) reported all Rhantus adults in Europe overwinter in ter
restrial habitats. Collection records indicate adults of Wisconsin species,
except R. binotatus and R. gutticollis, also overwinter in terrestrial habitats.
Temperatures sufficiently warm to permit flight to terrestrial sites are infre
quently encountered after October. Twenty-four percent of R. binotatus adults
and 32% of R. gutticollis adults were collected from aquatic habitats in Octo
ber and November, with collections as late as 21 and 14 November, respec
tively. These late autumn collections were from permanent ponds and margins
of streams, sites typically used by other species of Dytiscidae for .overwinter
ing. The latest collection date for adults of other species of Rhantus was for a
specimen of R. wallisi on 1 October. Adults of R. binotatus and R. gutticollis
were also numerous in September, when the other species were rare or absent.
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Key to Species of Adult Rhantus in Wisconsin
1.

2(1).

3(2).

4(3).

5(3).
6(5).

Mostly black, with rufous areas laterally on pronotum and elytra; base of
pronotum sinuate; 9.4-10.4 mm long ................... .sinuatus
Yellow marks on head, thorax, and elytra; base of pronotum not
sinuate ...................................................2
Posterior half of head black dorsally, without yellow marks; meso- and
metasternum testaceous; 9.6-11.0 mm long ............ .consimilis
Posterior half of head dorsally with transverse yellow marks between
eyes; meso- and metasternum black ...........................3
Pronotum with distinct posterior and often anterior black markings; no
black marks on disc of pronotum ............................ .4
Anterior and posterior margins of pronotum testaceous; one or two dark
spots on pronotal disc.......................................5
Anterior black mark on pronotum indistinct, not widened mesally, poste
rior mark less than half as wide at middle as testaceous area that
separates it from anterior mark; 9.6-10.8 mm long......... . wallisi
Anterior black mark on pronotum distinct, widened mesally, posterior
mark as wide at middle as testaceous area that separates if from
anterior mark; 9.7-10.8 mm long ..................... .suturellus
A single, laterally-elongate, dark spot on pronotal disc; 9.8-10.1 mm
long ............................................... .sericans
Paired dark spots on pronotal disc ..............................6
Black marking along anterior margin of eye absent or very narrow; ely
tra densely irrorate, obscuring rows of black spots on disc, except in
teneral specimens; visible abdominal sterna 2-5 usually paler poste
riorly; 10.4-11.8 mm long ........................... .binotatus
Black marking along anterior margin of eye broad to margin, as wide as
testaceous band between eyes; 3 longitudinal rows of black spots
clearly visible on each elytron; abdominal sterna 2-5 usually black,
except for a broad testaceous band along lateral margin; 10.2-11.7
mm long ......................................... .gutticollis

Rhantus binotatus (Harris, 1828)
Distribution and Abundance: Common, except in east-central and south
east areas (Table 1). County records: 2-21, 23-34, 36-37, 39-40, 44, 48-52, 54,
57-61,64-65,68,70. Range: AK-NF-NJ-MO-TX-CA.
Habitat: Teneral adults were collected mostly from permanent ponds and
marshes, and occasionally from temporary ponds and marshes; these habitats
probably represent the breeding habitat. In spring and fall adults were col
lected from a wide variety of habitats, including margins of streams.
Life Cycle: Adults apparently overwinter in deep ponds and margins of
streams. Teneral adults (25 collections) were found 1 June-7 November. None
were collected between 13 August and 17 September, but nine collections were
made after 17 September. This suggests most larvae develop in late spring
and early summer and there is a partial second generation in late summer and
early autumn. Collections of larvae that I believe to be R. binotatus corrobo
rate this primarily univoltine, partially bivoltine life cycle. 
Identification: The key will readily separate adults from those of R. gutti
collis, the only species it resembles. The two spots on the pronotum are usu
ally elongated laterally; in R. gutticollis these spots are smaller and not later
ally elongate. Protarsal claws of male adults are elongate and sinuate; those of
R. gutticollis are short and not sinuate. Visible abdominal sterna 2-5 usually
are distinctly paler or testaceous posteriorly; rarely they are mostly black.
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Rhantus consimiHs Motschulsky, 1859
Distribution and Abundance: Common statewide (Table 1). County
records: 1-6, 10-13, 15-27,29,33-39,41-42,47-49,53-55,58-59,61,64,
66-72. Range: NT-PQ-MA-NY-IN-MB-SK-UT-CA-BC.
Habitat: Almost all adults were found in permanent ponds; a few were
collected from marshes.
Life Cycle: Half of the collections of adults were made before 15 May; two
adults were found as early as 26 March. No adults were found after Septem
ber, and only three percent were collected after 15 August. Twenty-eight col·
lections containing teneral adults were made between 26 June and 7 Septem
ber, 22 of them in July. Adults apparently overwinter in terrestrial habitats
and fly to lentic habitats from late March to early May. There they mate,
oviposit, and probably die shortly thereafter. Larvae develop in late spring
and early summer, and pupate and emer~e mostly in July. After emergence,
adults probably spend a limited time feeding in aquatic habitats before flying
to terrestrial overwintering sites. The life cycle is probably univoltine; the 7
September teneral adult likely resulted from delayed hatching and develop
ment in a northern Bayfield County site.
Identification: This is the only North American Rhantus in which adults
are entirely testaceous ventrally.
Rhantus gutticollis (Say, 1834)
Distribution and Abundance: Uncommon in south-central, southwest, and
west-central areas (Table 1). County records: 32, 52-54, 61-62. Range: BC-AB
sn-co-TX-CA +WI.
Habitat: Almost all adults were collected from permanent lentic habitats.
Three teneral adults were collected from McKenna Pond, a large cattail and
bur-reed (Sparganium) pond, which probably represents a typical breeding
site.
Life Cycle: Most adults were collected in early spring or autumn; teneral
adults were found between 18 October and 5 November. I suspect the life cycle
is similar to that reported for R. binotatus.
Identification: Separation of adults from those of R. binotatus is dis
cussed under that species. Rarely, posterior margins of abdominal sterna 2-5
are narrowly pale.
Rhantus sericans Sharp, 1882 = R. frontalis (Marsham, 1802) in part
(Balke 1990)
Distribution and Abundance: Very rare in northwest area (Table 1).
County records: 2, 4, 6. Range: AK·PQ-MO·NM-CA.
Habitat: Adults were collected from a river slough and two permanent
ponds.
Life Cycle: Adults are most similar to those of R. consimilis. I suspect the
life cycle is like that of R. consimilis, but too few specimens were collected to
predict a life cycle.
Identification: While some R. consimilis adults may have a single discal
spot on the pronotum, that species is entirely testaceous ventrally.
Rhantus sinuatu8 (LeConte, 1862)
Distribution and Abundance: Uncommon statewide (Table 1). County
records: 1-3,6-7, 11, 18-19,24,31,33,36,38,48,50,54-55,57,59,64,67-68,
71-72. Range: NT·NB-NJ·WI-BC.
Habitat: All except three adults were collected in bottle traps, which
suggests they are nocturnal. Adults were found in a wide variety of lentic
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habitats, but most were collected from shallow sedge or cattail marshes; often
there was an association with Sphagnum. The only teneral adult was found in
a sedge marsh.
Life Cycle: Most adults were collected from late May to early July, but
several were also found in April. Two adults were collected in August, none
after 20 August. A teneral adult was trapped 2 July. Adults apparently fly to
terrestrial overwintering sites in late summer and re-enter lentic habitats in
April to mate and oviposit. Larvae probably develop mostly in May and June.
Identification: The black color and sinuate base of the pronotum are dis
tinctive.
Rhantus 8uturellus (Harris, 1828)
Distribution and Abundance: Uncommon in northern two-thirds, very
rare in southern third (Table 1). County records: 1-4, 7, 9-11,13-18,20,29-31,
33-34, 38-39,47, 61. Range: AK-NF-NJ-IL-WY-WA.
Habitat: Adults were found mostly in ponds, bogs, and swamps. Teneral
adults were collected from a ditch and two ponds. Larvae probably develop in
permanent ponds and bogs.
Life Cycle: Adults were not found after 16 August, apparently having
entered terrestrial overwintering sites by late summer. Two-thirds of collec
tions containing adults were made in April, which indicates adults return to
breeding sites early in spring to mate and oviposit. No adults were collected
between 5 May and 16 June, corroborating the demise of most adults after
mating and oviposition. Many adults were collected during the last half of
June, including the three collections containing teneral specimens; this indi
cates larval development is mostly completed in June.
Identification: Adults are similar to those of R. wallisi, but the posterior
and anterior black marks on the pronotum are much wider than in adults of R.
wallisi, whose anterior pronotal mark is often obscure. The protarsal claws of
males are subequal and not clearly sinuate; in R. wallisi the anterior protarsal
claw is 1/6-117 longer than the posterior claw and both claws are distinctly
sinuate. The anterior black mark that projects mesally from the eye is wider
than in R. wallisi and extends farther forward around the eye. The metafe
mora are dark, being about the same color as the metasternum, while in R.
wallisi they are usually distinctly lighter than the metasternum.
Rhantu8 wallisi (Hatch, 1953)
Distribution and Abundance: Fairly common in northern two-thirds,
uncommon in southern third (Table 1). County records: 1-4, 6, 10-13, 15-20,
22-23,27,29,31-39,57-58,61,64-65,68,70,72. Range: AK-NF-MA-IA-CO
CA.
Habitat: Almost all adults were found in permanent ponds; a few were
collected from marshes or bogs. All teneral specimens were collected from
permanent ponds, which are probably the normal larval habitat.
Life Cycle: Forty-five percent of collections containing adults were made
before mid-May; only seven percent of collections were made after July, with
one adult being collected as late as 1 October. Another adult was found hiber
nating in the margin of a dried-up pond 2 October. Thirty-seven third instar
larvae that are probably this species or R. suturellus were collected between
12 May and 14 July; five were collected in May and only one in July. Three
teneral adults were found between 21 June and 19 July. This suggests over
wintering of adults in terrestrial habitats, their return to breeding sites to
mate and oviposit in April and early May, and completion of larval develop
ment in late June and early July. Four larvae, which were likely this species,
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were collected from McKenna Pond between 8 October and 5 November, 1981.
This suggests a partial second generation with the November larva probably
being unable to complete development.
Identification: Separation of adults from those of R. suturellus is dis
cussed under that species.
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EFFECTS OF NITROGEN FERTILIZATION ON MONOTERPENES OF JACK
PINE SEEDLINGS AND WEIGHT GAIN OF JACK PINE BUDWORM
(LEPIDOPTERA: TORTRICIDAE)
Deborah G. McCullough 1•2 Paul D. Swedenborg 1, and Herbert M. Kulman 1

ABSTRACT
Nine-month old jack pine (Pinus banksiana) seedlings were grown in a
greenhouse under four nitrogen fertilization regimes. Levels of total nitrogen
and five monoterpenes in new foliage were measured. Fertilization resulted in
four significan
different levels of foliar nitrogen; means ranged from
1.8-4.5 percen
weight. Contrary to predictions of resource availability
theory, seedlings grown under the highest fertilization regime had higher
foliar monoterpene levels than seedlings in the other treatments.
Newly molted, sixth-instar female jack pine budworm (Choristoneura
pinus pinus [Lepidoptera: Tortricidae]) larvae were allowed to feed for four
days on new foliage of the se .
. Larvae that fed on low-nitrogen seedlings
gained less weight and process more vegetation than did larvae on high
nitrogen seedlings. Larval weight gain was positively related to foliar nitro
gen.
Quality of host plant tissue for herbivorous insects is a function of many
factors, including levels of nutrients and allelochemicals. Nitrogen (N) is par
ticularly important, and survival, development and fecundity of defoliating
insects are often closely tied to foliar N levels (White 1974, 1984, McNeil and
Southwood 1978, Mattson 1980, Mattson and Scriber 1987). However, insect
performance may be reduced by plant secondary compounds even under opti
mal N conditions (Scriber and Slansky 1981). Recent theories have suggested
that availability of growth-limiting nutrients such as N may determine the
extent of plant investment in allelochemicals (McKey et al. 1978, Bryant et al.
1983,1987; Coley et al. 1985, Larsson et al. 1986, Hermes and Mattson 1992).
Nitrogen-limited plants should theoretically allocate high amounts of carbo
hydrate reserves to carbon-based defenses, since foliage lost to herbivory
would be costly to replace.
We tested this hypothesis by manipulating N availability and observing
effects on monoterpene production in jack pine (Pinus banksiana) foliage. We
examined effects of four levels of N fertilization on production of monoter
penes in jack pine seedlings and subsequent feeding activity of jack pine
budworm larvae (Choristoneura pinus pinus Freeman) [Lepidoptera: Tortrici
dae}). Jack pine is a disturbance-adapted species, typically found on sandy,
nutrient-poor sites in the Lake States and Canada (Rudolf 1958, Wilde et al.
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1964, Rudolph and Laidly 1990). Jack pine stands are often N-limited, as
evidenced by significant increases in growth following N fertilization (Morri
son et al.1981, Morrow and Thumer 1981, Weetman and Fournier 1984). Jack
pine budworm is the primary defoliator of jack pine, with extensive outbreaks
occurring at 6-10 year intervals (Howse 1984, Volney 1988). Outbreaks can
severely reduce growth and may result in top-kill and mortality (Kulman et al.
1963. Kulman 1971).
Several monoterpene compounds. which are carbon-based allelochemicals,
are present in conifer foliage, including jack pine. Synthesis and accumulation
of monoterpenes may be an important mediator of interactions between
plants and herbivorous insects, affecting feeding, development, host location
and pheromone synthesis (Borden 1982, Redak and Cates 1984, Cates et al.
1987, Cates and Redak 1988, Wilkinson 1985, Leather et al.1985, Brooks et al.
1987a, Mihaliak et al. 1987). Monoterpene production is under genetic control
(Smith 1964, Thorin and Nommik 1974), but in some plant species, amounts of
compounds or total monoterpene levels may vary seasonally (von Rudloff
1975. von Rudloff and Granat 1982, Brooks et al. 1987b, Bernard-Dagen 1988)
or in response to availability of light, water and nutrients (Burbot and Loomis
1967, Fretz 1976, Clark and Menary 1980).

MATERIALS AND METHODS
Jack pine seed from McKinnon Lake, Quebec was germinated in March
1988 and grown in a greenhouse at 18:6 light/day, 24-32°C and 65-85% RH.
Potting medium consisted of a 4:1.5:2 ratio of peat, perlite and vermiculite.
Osmocote, a slow release (NPK) fertilizer (19-7 -10), was incorporated into the
potting medium. After four months of growth. 136 seedlings were trans
planted into pots, 15 cm in diameter, containing the same potting medium
plus Osmocote. Seedlings were supplied with moisture through automatic
drip irrigation. Seedlings were grown under 250 watt sodium lamps (18:6
light/day, illumination: 3lO-800 ",E(m'2)(sec'l)) for six months. Seedlin?:s were
then exposed only to natural light (illumination: 210-230 ",E(m·2)(sec· )) for 5
months during winter. Seedlings were returned to sodium lamp radiation in
early May, which stimulated expansion of new foliage.
Fertilization treatments
Fertilization treatments were initiated in January 1989 and 34 seedlings
were randomly assigned to each of four N regimes. Seedlings assigned to the
very high (VH) treatment received 170 ml of a balanced nutrient solution
weekly (Peters' solution, 20-19-18, 4 ml solution per liter of water). This was
supplemented with bi-monthly additions of NHLN01) at a rate equal to either
88 kg/ha or 44 kg/ha N, on an alternating basis. 1<'ertIlizer was distributed in a
granular form on the surface of the potting medium. Seedlings assigned to the
medium (MED) treatment similarly received weekly applications of Peters'
solution. They also received a single monthly application of NH.jN0:j equiva
lent to a rate of 44 kg/ha N. This N re~e was roughly equivalent to that used
in cultivation of jack pine seedlings In Minnesota state nurseries (MN Dept.
Nat. Resources, perS' comm.). Seedlin~s assigned to the control (CONT) treat
ment received only 170 ml of Peters solution weekly. Seedlings in the low
(LOW) treatment received Peters' solution weekly for two months, then
received only 170 ml of water and no nutrient solution. In addition, 2.6 g (ca
110 kg/hal of sawdust were distributed over and lightly incorporated into the
top few centimeters of the potting medium of each LOW treatment seedling.
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This was designed to increase the C:N ratio and reduce availability of N to the
seedlings.
Growth and biomass measurements
Height and root collar diameter (RCD) of seedlings were measured when
seedlings were transplanted and at 10-14 week intervals thereafter, until seed
lings were harvested. Relative growth rates (RGR) per month (28 days) were
calculated for height and RCD growth where RGR = (lnL2-InL1)/t2-tl! and
~; and L2 are tree height or RCD at times tl and t2 (van den Driessche 1988).
Measurement period 1 corresponded to growth occurring between times tl
(transplanting) and t 2 , about 2.3 months. Measurement periods 2, 3 and 4
corresponded to the subsequent 3.4, 3.3 and 3.7 months, respectively.
Biomass of above-ground components was determined after six months of
fertilization, following the larval bioassay described below. All currently
expanding (new) foliage was removed from each seedling and immediently
frozen on dry ice for subsequent analysis. Frozen samples were weighed and
one-third of each sample was returned to the freezer for monoterpene analysis.
Remaining foliage was dried at 70°C for 8 days, weighed and ground in a
Wiley mill to pass through a 20-mesh screen. Moisture content was deter
mined for each dried sample and used to calculate total dry weight of new
foliage for each seedling. Stems of seedlings were clipped off level with the top
of each pot. Remaining old foliage was separated from woody material. Wood
and foliage were dried and weighed. Total weight of foliage (new + old foliage)
and total above-ground biomass (total foliage + wood) were determined.
Foliar analysis
Dried and ground current-year foliage from each seedling was analyzed
for total N usin~ microKjeldahl techniques. Nitrogen analyses were per
formed by the Umversity of Minnesota Soils Laboratory, St. Paul, MN. Foliar
levels of alpha-pinene, camphene, beta-pinene, myrcene and bornyl acetate
were analyzed with a Hewlett-Packard (HP) 5890 gas chromatograph
equipped with FID coupled to an HP 3396A integrator and an HP automatic
injector (Hewlett-Packard Co., Avondale, PAl. Preliminary experiments and
results of related studies indicated that these were the most abundant mono
terpene compounds in jack pine foliage. Frozen foliage was analyzed using p
Cymene as an internal standard (Aldrich Chemical Co., Milwaukee, WI), due
to its absence in jack pine foliage within detection limits (Raffa and Steffeck
1988). Detailed methods of mono terpene extraction and quantification were
described in detail in McCullough and Kulman (1991a, 1991b). Simpsons'
index of diversity was calculated to examine differences in mono terpene pro
files in each seedling (Magurran 1988). Relatively high values are indicative of
equitable within-plant distribution of the compounds sampled.
Jack pine bndworm feeding trial
Second-instar jack pine budworm larvae were collected from an outbreak
population near L'Anse, MI, and reared on jack pine foliage in the laboratory.
Newly-molted female-sixth instars were removed from rearing boxes,
weighed, and individually placed into small cages on one lateral shoot of
randomly selected seedlings in each treatment. Seedlings that lacked new
foliage or seedlings that appeared to be near death were excluded from the
study. Twelve to 20 seedlings per treatment were infested with budworm
larvae. Late instar larvae were used for feeding trials since most consumption
and growth occurs then (Miller 1977, Retnakaran 1983), and to avoid injuring
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young larvae through handling. Cages were 100 ml, 7 cm long, transparent
plastic cups, which enclosed two to three shoots of foliage, each about 3 to 6
cm long. The open end of cups was covered with white nylon netting material.
Modelling clay was used to secure cages to seedlings. At least 4 to 5 em of new
foliage was available in each cage. Larvae were allowed to feed for four days,
then were removed from cages and immediately re-weighed. Feeding trials
were limited to four days to ensure that new foliage would be available for the
duration of the trial in all treatments. Larval survival and weight gain during
the four day feeding trial was determined. Frass was collected from the bot
tom of cups, dried and weighed. In a few cases, fungus grew on the frass and
dry weight could not be accurately measured. The ratio of (frass dry weight:
weight gain of larvae) was calculated for each surviving larva
Statistical analysis
The experiment was designed and analyzed as a completely randomized
one-way analysis of variance. Effects of the four levels of N fertilization on
tree and budworm variables were analyzed using BMDP Statistical Software
(Dixon et al. 1990). The Levene test was used to test for homogeneity of
variance (Brown and Forsythe 1974). Diagnostic plots were used to select
appropriate transformations where homogenous variances did not occur.
Quantities of monoterpene compounds, ratio of frass weight: budworm weight
gain, and dry weight of woody material were log-transformed; dry weight of
new foliage was square-root transformed. Differences among treatments were
determined with Fishers LSD procedure (Milliken and Johnson 1984). Foliar
N concentration was analyzed with the nonparametric Kruskal-Wallis test,
since variance could not be normalized. Nonparametric Spearman correlation
coefficients were calculated to examine relations between foliar N and other
variables. All analyses were conducted at the 0.05 level of significance.
RESULTS
Nitrogen fertilization treatments resulted in four significantly different
levels of foliar N concentration (Table 1) (Kruskal-Wallis test statistic = 93.7,
P<O.OOI). Mean concentrations ranged from 1.8 % (LOW), and 2.6% (CONT),
up to 3.5% (MED) and 4.5% (VH). Moisture content of new foliage did not
vary among treatments (F=1.40, P<0.25), with means ranging from 72 to
76% dry weight.
Seedling growth
Seedling growth and survival were significantly affected by fertilization
regime. Survival of seedlings ranged from 91 to 97% except in the VH treat
ment, where only 60% survived. Drooping shoots, an atypical abundance of
foliage, and discolored foliage were first noted on four-month-old VH seed
lings, with several dying over the next six weeks. Only two seedlings in the
MED treatment died, but several others also showed symptoms of N toxicity
after six months. Seedlings in the MED and VH treatments were significantly
shorter (P<O.OOl) and had smaller diameters (P<O.OOI) than LOW and CONT
seedlings (Table 1).
Significant differences in relative growth rates were observed 3-6 months
after fertilization treatments began (Table 1). Seedlings in the MED and VH
treatments had significantly lower rates of height (P<O.OOl) and diameter
growth (p<O.OOI) than seedlings in the LOW and CONT treatments.
Although total above-ground biomass of seedlings did not differ among
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Table L Mean foliar nitrogen concentration, biomass and growth rate of one-year old jack pine
seedlings after six months of nitrogen fertilization treatments. Letters following values indi
cate significant differences among treatments. RGR refers to relative growth rate during the
final 3 months of fertilization. LOW, CONT, MED, and VH refer to low, control, medium and
very high nitrogen fertilization regimes.
LOW
CONT
MED
VH
1.B3a
Foliar nitrogen (% dry wt)
2.61b
3,54<
4.50d
0,11
SE
0.06
O.OB
0.16
4.5a
1O.Sb
4.Ba
2.Sc
New foliage (g)
0.35
0.76
0.58
0.5B
SE
Total foliage (g)
30.6a
39.7b
3S.Ib
35.9b
2.57
SE
1.35
1.57
1.57
lS.la
Woody biomass (g)
13.5b
l1.Sc
9.9c
SE
LOS
0.9S
O.SO
0.63
Aboveground biomass (g)
4S.Sa
53.3a
45.Ba
47.S"
2.25
SE
2.11
3.15
2.37
RGR-height (cmimonth)
0.039a
0.045a
0.009b
O.OOBb
SE
0.007
0.007
0.002
0.002
0.040a
0.040.
O.Ollb
RGR-diameter (em/month)
O.OOBb
O.OOS
O.OOS
SE
0.005
0.004

treatments (Table 1) (P<0.116), distribution of biomass among components
varied significantly. Seedlings in the CONT treatment produced more new
foliage than seedlings in other treatments (P< 0.001). Seedlings in the LOW
treatment had less total foliage (P<O.OOl) and allocated more resources to
wood production than seedlings of other treatments (Table 1). Heavily fertil
ized seedlings in the MED and VH treatments produced less woody material
than CONT or LOW seedlings (P<0.005) and were characterized by thin,
drooping shoots,
Monoterpenes
Foliar monoterpene levels differed significantly among the four treat
ments (Table 2) (P< 0.045). Seedlings in the VH treatment had the highest
concentration of all compounds, but differences among other treatments were
small. Beta-pinene, alpha-pinene and myrcene were the most abundant foliar
monoterpenes. Simpson's index of diversity differed little among the four
treatments, indicating that equitability of monoterpene distribution was not
affected by fertilization treatment.
Spearman correlation coefficients were used to examine linear relations
among the five individual monoterpenes and foliar N concentration. Bornyl
acetate, which accounted for only 2 to 3% of the total monoterpene content,
was inversely related to foliar N concentration (r= -0.33). No other monoter
pene compound was significantly related to foliar N.
Jack pine budworm feeding trial
Larval survival during the 4-day feeding trial was 79% for larvae on LOW
and MED seedlings and 82% for larvae on VH seedlings. Survival was highest
for larvae caged on CONT seedlings, where 94% survived.
Weight gained after four days of feeding by sixth instars was used as a
simple index of host plant suitability. Weight gained during the feeding trial
differed significantly among treatments (Fig. 1) (P<O.OOl). Budworm larvae
that fed on MED and VH seedlings gained about 50% more weight than
larvae caged on LOW and CONT seedlings.

»
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Table 2. Mean concentratioin (ng/g dry needle weight) of five monoterpene compounds from
current-year foliage of jack pine seedlings. Diversity refers to Simpsons' index of diversity.
Letters after values indicate significant differences (p<0.05) among treatments. LOW,
CONT, MED and VH refer to low. control, medium and very high nitrogen fertilization
regimes.
LOW
CONT
MED
VH
Alpha-pinene
mean
34.98
33.6a
47.1a
57.78
(3.7)
(3.7)
(7.8)
(lOA)
SE
28048
Beta-pinene
45.18
36.78
60.3b
mean
(8A)
(3.5)
(5.5)
(9.3)
SE
44.58
Myrcene
38.28
34.18
74.78
mean
(8.0)
(8.5)
(20.2)
SE
(6.7)
3.8a
2.18
6.6b
Bornyl acetate
mean
3.7"
(0.4)
(0.8)
(2.9)
SE
(0.6)
1.68
1.7a
1.4a
2.88
Camphene
mean
(0.3)
(0.2)
(0.9)
SE
(0.1)
129.98
105.6a
121.3a
Total
mean
202.2b
(l5.6)
(34.2)
SE
(10.5)
(16.2)
2.70a
2.508
2.728
Diversity
mean
2.538
(0.08)
(0.10)
(0.08)
(0.13)
SE

The ratio of frass production to larval weight gain also differed signifi
cantly among treatments (Fig. 1) (P<O.002). Larvae feeding on LOW and
CONT seedlings processed 4 to 9 times as much foliage for each unit increase
in weight as larvae feeding on MED and VH treatment seedlings. Spearman
rank correlation coefficients indicated that there was a significant positive
relationship between foliar N concentration and budworm weight gain
(r=O.39, 39 d.f.) and an inverse association between foliar N and ratio of frass
production to weight gain (r= -0.42). Correlation coefficients were not signifi
cant between monoterpene abundance (individual compounds and total) and
budworm weight gain, and the budworm frass to weight gain ratio were not
significant.
DISCUSSION
Growth and foliage production were greatest for CONT seedlings. Mean
foliar N concentration of CONT seedlings (2.6%) was very similar to the 2.58%
N concentration recorded by Swan (1970) when jack pine seedlings were fertil
ized with an optimal nutrient solution. These N values are relatively high
compared to concentrations previously reported for mature jack pine in the
field (Morrison 1972, 1973, Green and Grigall980. Morrow and Timmer 1981,
Weetman and Fournier 1984, Stergas and Adams 1989). However, seedlings
and young trees often have higher foliar N levels than mature trees (Miller et
al. 1981, Gordon and van Cleve 1987), especially when seedlings are grown in
pots (Munson and Timmer 1989). In addition, we measured foliar N during a
period of active growth and needle expansion, when new foliage acts as a
strong sink for N. The studies cited above measured foliar N in late summer or
fall, when N concentration of current-year foliage is lower and more stable as
trees enter dormancy (Binkley 1986). Quantification of N status during peri
ods of growth may be more indicative of growth-limiting N deficiencies than
measurements during dormancy (Waring and Youngberg 1972, van den
Driessche 1974).
We originally hypothesized that monoterpenes would be inversely related
to foliar N levels (Bryant 1983, 1987, Coley et al. 1985). Jack pine typically
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Figure 1. Mean values for jack pine budworm larval weight gain (a) and the ratio of dry
weight of frass produced: weight gain (b) during a four day feeding trial. Error bars
represent one se. LOW, CONT, MED, and VH refer to low, control, medium and very
high nitrogen fertilization regimes.

grows on nutrient-poor sites where C:N ratios are high. Monoterpenes are
produced from nonstructuraI carbohydrates (Croteau 1984) and should theo
retically be abundant when nutrients limit growth (Bryant et aI. 1983). Nitro
gen fertilization decreased the C:N ratio of tissue and resulted in decreased
nonstructuraI carbohydrates in Douglas-fir seedlings (Margolis and Waring
1986), reduced phenolics in aspen (Bryant et aI. 1987), and reduced terpene
levels in Heterotheca subaxillaris (Lam.) Britton and Rushy (Mihaliak and
Lincoln 1985, 1989).
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Contrary to our expectations, however, increased levels of available N did
not result in decreased production of monoterpenes, and the highest monoter
pene levels were found 10 seedlings in the VH treatment. Similarly, Muzika et
aI. (1989) did not demonstrate an overall negative relationship between mono·
terpenes and N when Abies grandis seedlings were fertilized. They observed
that while four monoterpenes decreased at the highest level of fertilization, six
other monoterpenes were unaffected and no compounds were affected by an
intermediate level of N fertilization. Other studies with conifers have failed to
show a consistent relation between foliar N and monoterpene levels in foliage
(Fretz 1976) or oleoresin (Thorin and Nommik 1974). Relations between mono
terpene production and foliar N may be nonlinear in jack pine. Stress due to
either extremely high or low N availability may limit growth and result in
increased allocation of carbon to secondary compounds such as monoterpenes.
Obtaining adequate amounts of N is crucial for defoliating insects (e.g.
White 1974, 1984, Mattson 1980, Strong et al. 1984) and may regulate the
amount of foliage consumed (Clancy 1992). In our study, late·instar jack pine
budworm larvae responded positively to high N levels in MED and VH seed
lings. Weight gained by these larvae during the four-day feeding trial was
double that gained by larvae on LOW and CONT seedlings. Large amounts of
frass produced by larvae on LOW and CONT seedlings indicated larvae com
pensated for low N levels by increasing feeding rates, a pattern frequently
noted in studies of other herbivores (Slansky and Feeny 1977, Mattson 1980,
Scriber and Slansky 1981). Implications of compensatory feeding may include
prolonged larval development and exposure to natural enemies or poor
weather, and increased impact of budworm defoliation on low-nitrogen trees.
Fertilization can increase levels of free amino acids in jack pine seedlings
(Kim et al. 1987, Durzan and Stewart 1967), which may be nutritionally supe
rior to proteins or more available to herbivores (Cockfield 1988). Nitrogen
fertilization increased feeding rates, survival and fecundity of other Choristo
neura species (Shaw et al. 1978, Schmidt and Fellin 1983, Schmitt et al. 1983).
Mattson and Koller (1983) found adult female weight was consistently related
to N levels and proposed a minimal foliar N concentration of 2.1 percent for
optimal performance of Choristoneura fumiferana (Clemens). Brewer et al.
(1985) found Choristoneura occidentalis Freeman benefitted from increased N
until foliar N concentrations reached 3.9-4.4%, where larval mortality rose
significantly. Clancy (1992) found survival of C. occidentalis was good at very
high (3.9% and 7.6%) and very low (1.2-3.0%) levels of N, but was not convex
or linear. Addition of minerals at high N levels affected the response to N. She
concluded that compensatory feeding to acquire adequate N in low N diets
ensured that larvae obtained a proper balance of many different nutrients.
Nutritional ecology of jack pine budworm may be similar, but long-term multi·
pIe generation studies are needed to more fully investigate this.
Amount, composition and diversity of terpenes have been previously
found to affect growth and survival of other budworm species (Cates et al.
1983a, 1983b, 1987; Mattson et al. 1983. Redak and Cates 1984, Cates and
Redak 1988). Mattson et al. (1991) observed variable effects of monoterpenes
on C. fumiferana when terpene compounds were incorporated into artificial
diet at rates much higher than what occurred in host foliage. They concluded
that C. fumiferana could readily cope with normal loads of monoterpenes in its
host plants. Similarly, we detected no effect of monoterpenes on jack pine
budworm larvae. Larvae feeding on seedlings in the VH treatment, which had
the greatest amount of monoterpenes, showed no signs of toxic effects. Mono·
terpene diversity varied little among treatments and was not related to
weight gain or frass production. Longer exposure may be needed before
effects of terpenes can be observed. If terpenes act in a quantitative manner
and induce metabolically expensive detoxification enzymes (Brattsen et al.

1993

THE GREAT LAKES ENTOMOLOGIST

145

1977), their importance may relate to adult fecundity or multigenerational
influences not observable here. Work with Spodoptera eridania (Cramer) simi
larly failed to demonstrate a relation between leaf monoterpenes and insect
success (Lincoln and Couvet 1989). Morrow and Fox (1980) found leaf N in
Eucalyptus spp. to be much more important than terpenes in explaining her
bivore success.
ACKNOWLEDGMENTS
Funding for this study was provided by the James W. Wilkie Natural
History Fund and the Dayton Natural History Fund, both of the Bell
Museum of Natural History; a Dosdall Fellowship and a Doctoral Disserta
tion Fellowship, both from the Graduate School, University of Minnesota. We
thank David F. Grigal and William E. Miller for helpful comments on the
manuscript and Frank Martin for assistance with statistical analysis. Thanh
Trung Ie and Lori Miller generously provided technical and laboratory assis
tance. We gratefully acknowledge the cooperation and facilities provided by
Dr. Darroll Skilling, and voluntary assistance from Mel Warn, Hazel
Richards, Clarice Englund, Morris Strand and Bill Adams, all of the USDA
Forest Service, North Central Forest Experiment Station.
LITERATURE CITED
Bernard-Dagan, C. 1988. Seasonal variations in energy sources and biosynthesis of
terpenes in Maritime pine. pp. 93-116. In: Mattson, W.J., J. Levieux, and C. Bernard
Dagan, eds. Mechanisms of Woody Plant Defenses Against Insects. Springer-Verlag,
New York.
Binkley, D. 1986. Forest Nutrition Management. John Wiley and Sons, Inc., New York.
290 p.
Borden, J. H. 1982. Aggregation pheromones. pp. 74-139. In: Bark Beetles in North
American Conifers. J.B. Mitton and K.B. Sturgeon, eds. University of Texas Press,
Austin.
Brattsen, L. B., C. F. Wilkinson, and T. Eisner. 1977. Herbivore-plant interactions:
mixed-function oxidases and secondary plant substances. Science 196:1349-1352.
Brewer, J. W., J. L. Capinera, R. E. Deshon, Jr., and M. L. Walmsley. 1985. Influence of
foliar nitrogen levels on survival, development, and reproduction of western spruce
budworm, Choristoneura occidentalis (Lepidoptera: Tortricidae). Can. Entomol.
117:23-32.
Brooks, J. E., J. H. Borden, H. D. Pierce. 1987a. Foliar and cortical mono-terpenes in
Sitka spruce: potential indicators of resistance to the white pine weevil, Pissodes
strobi Peck (Coleoptera:Curculionidae). Can. J. For. Res. 17:740-745.
Brooks, J. E., J.H. Borden, H. D. Pierce, Jr., and G. R. Lister. 1987b. Seasonal variation
in foliar and bud monoterpenes in Sitka spruce. Can. J. Bot. 65:1249-1252.
Brown, M. B. and A. B. Forsythe. 1974. Robust tests for the equality of variances. J.
Amer. Statist. Assoc. 69:364-367.
Bryant, J. P., F. S. Chapin, III, and D. R. Klein. 1983. Carbon/nutrient balance of boreal
plants in relation to vertebrate herbivory. Oikos 40:357-368.
Bryant, J. P., T. P. Clausen, P. B. Reichardt, M. C. McCarthy and R. A. Werner. 1987.
Effect of nitrogen fertilization upon the secondary chemistry and nutritional value of
quaking aspen (Populus tremuloides Michx.) leaves for the large aspen tortrix (Choris'
toneura conflictana (Walker). Oecologia 73:513-517.
BurbottA. J. and W. D. Loomis. 1967. Effects of light and temperature on the monoter·
penes of peppermint. Plant Physiol. 42:20-28.

146

THE GREAT LAKES ENTOMOLOGIST

Vol. 26, No.2

Cates, R. G., R. Redak, and C. B. Henderson. 1983a Natural product defensive chemis
try of Douglas-fir, western spruce budworm success, and forest management prac
tices. Zeitsch. fur Ang. Entomol. 96:173-182.
_ _. 1983b. Patterns in defensive natural product chemsitry: Douglas fir and western
spruce budworm interactions. pp. 3-20. In: Hedin, P.A., ed. Plant Resistance to
Insects. Am. Chem. Soc., Washington D.C.
Cates, R. G. and R. A. Redak. 1988. Variation in the terpene chemsitry of Douglas-fir
and its relationship to western spruce budworm success. pp. 317-344. In: Spencer,
KC., ed. Chemical Mediation of Coevolution. Academic Press, Inc., San Diego, Cali
fornia.
Cates, R. G., C. B. Henderson, and R. A. Redak. 1987. Responses of the western spruce
budworm to varying levels of nitrogen and terpenes. Oecologia 73:312-316.
Clancy, K M. 1992. Response of western spruce budowrm (Lepidoptera: Tortricidae) to
increased nitorgen in artificial diets. Environ. Entomol. 21:331-344.
Clark, R. J. and R. C. Menary. 1980. The effect of irrigation and nitrogen on the yield
and composition of peppermint oil (Mentha peperita L.). Austral. J. Agric.
31:489-498.
Cockfield, S. D. 1988. Relative availability of nitrogen in host plants of invertebrate
herbivores: three possible nutritional and physiological definitions. Oecologia
77:91-94.
Coley, P. D., J. P. Bryant. F. S. Chapin, III. 1985. Resource availability and plant
antiherbivore defense. Science 230:895-899.
Croteau, R. 1984. Biosynthesis and catabolism of monoterpenes. pp. 31-60. In: Nes, W.
D., G. Fuller, and L. Tsai, eds. Isopentenoids in Plants: Biochemistry and Function.
Marcel Deker. Inc., New York.
Dixon, W. J .• M. B. Brown. L. Engelman, and R. I. Jennrich. 1990. BMDP Statistical
Software. Univ. of California Press, Berkeley, CA.
Durzan, D. J. and F. C. Steward. 1967. The nitrogen metabolism Picea glauca (Moench)
voss and Pinus banksiana Lamb. as influenced by mineral nutrition. Can. J.
Bot.45:695-710.
Fretz, T. A. 1976. Effect of photoperiod and nitrogen on the composition of foliar mono
terpenes of Juniperus horizontalis Moench. cv. plumosa. Journal of the Am. Soc. Hort.
Sci. 101:611-613.
Gordon, A. M. and K. Van Cleve. 1987. Nitrogen concentrations in biomass components
of white spruce seedlings in interior Alaska. Forest Science 33:1075-1080.
Green, D. C. and D. F. Grigal. 1980. Nutrient accumulations in jack pine stands on deep
and shallow soils over bedrock. Forest Science 26:325-333.
Hermes, D. A. and W. J. Mattson. 1992. The dilemma of plants: to grow or defend.
Quart. Rev. BioL 67:283-335.
Howse, G. M. 1984. Insect Pests of jack pine: biology, damage and controL pp. 131-138.
In: Smith. C. R. and G. Brown, eds. Jack Pine Symposium. Can. For. Serv .• Great
Lakes For. Res. Cen., Sault Ste. Marie, Ontario.
Kim, Y. T., C. Glerum, J. Stoddart, and S. J. Colombo. 1987. Effect of fertilization on
free amino acid concentrations in black spruce and jack pine containerized seedlings.
Can. J. For. Res. 17:27-30.
K ulman, H. M. 1971. Effects of insect defoliation on growth and mortality of trees. Ann.
Rev. Entomol. 16:289-325.
Kulman, H. M., A. C. Hodson, and D. P. Duncan. 1963. Distribution and effects of jack
pine budworm defoliation. For. Sci. 9:146-157.
Larsson, S., A. Wiren, L. Lundgren and T. Ericsson. 1986. Effects of light and nutrient
stress on leaf phenolic chemistry in Salis dasyclados and susceptibility to Galerucella
lineola (Coleoptera). Oikos 47:205-210.
Leather, S. R., A. D. Watt, and D. A. Barbour. 1985. The effect of host-plant and delayed
mating on the fecundity and lifespan of the pine beauty moth, PanoUs flammea (Denis
and Schiffermuller) (Lepidoptera: Noctuidae): their influence on population dynamics
and relevance to pest management. Bull. EntomoL Res. 75:641-651.

1993

THE GREAT LAKES ENTOMOLOGIST

147

Lincoln. D. E. and D. Couvet. 1989. The effect of carbon supply on allocation to allelo
chemicals and caterpillar consumption of peppermint. Oecologia 78:112-114.
Magurran. A. E. 1988. Ecological Diversity and its Measurement. Princeton University
Press. Princeton. New Jersey.
Margolis. H. A. and R. H. Waring. 1986. Carbon and nitrogen allocation patterns of
Douglas-fir seedlings fertilized with nitrogen in autumn. I. Overwinter metabolism.
Can. J. For. Res. 16:897-902.
Mattson, W. J. 1980. Herbivory in relation to plant nitrogen content. Ann. Rev. Ecol.
Syst. 11:119-161.
Mattson, W. J. and C. N. Koller. 1983. Spruce budworm performance in relation to
matching selected chemical traits of its hosts. pp. 138-148. In: Isaev, AS., ed. The
Role of Insect-plant Relationships in the Population Dynamics of Forest Pests. Inter
national Union of Forestry Research Organizations/USSR Academy of Sciences:
Mattson, W. J. and J. M. Scriber. 1987. Nutritional ecology of insect folivores of woody
plants: nitrogen, water, fiber, and mineral considerations. pp. 105-146. In: Siansky. F.
and. J.G. Rodriguez, eds. Nutritional Ecology of Insects, Mites, and Spiders. John
Wiley and Sons. Inc.
Mattson, W. J., S. S. Slocum and C. N. Koller. 1983. Spruce budworm (Choristoneura
fumiferana) performance in relation to foliar chemistry of its host plants. In: Proceed
ings, forest defoliator-host interactions: a comparison between gypsy moth and spruce
budworms. USDA, Forest Service Gen. Tech. Rep. NE-85.
Mattson, W. J., R. A. Haack, R. K Lawrence, and S. S. Slocum. 1991. Considering the
nutritional ecology of the spruce budworm in its management. For. Ecol. Manage.
39:183-210.
McCullough, D. G. and H. M. Kulman. 1991£1. Effects of nitrogen fertilization on young
jack pine (Pinus banksiana) and on its suitabiliy as a host for jack pine budworm
(Choristoneura pinus pinusi(Lepidoptera: Tortricidae). Can. J. For. Res. 10:1447-1458.
1991b. Differences in foliage quality of young jack pine (Pinus banksiana Lamb.)
on burned and clearcut sites: effects on jack pine budworm (Choristoneura pinus pinus
Freeman). Oecologia 87:135-145.
McKey, D., P. G. Waterman, J. S. Gartlan, and T. T. Struhsaker. 1978. Phenolic content
of vegetation in two African rain forests: ecological implications. Science 202:61-63.
McNeil, S. and T. R. E. Southwood. 1978. The role of nitrogen in the development of
insect/plant relationships. pp. 77-98. In:Harborne, J.B., ed. Biochemical Aspects of
Plant and Animal Coevolution. Academic Press. New York.
Mihaliak, C. A. and D. E. Lincoln. 1985. Growth pattern and carbon allocation to
volatile leaf terpenes under nitrogen-limiting conditions in Heterotheca subaxillaris
(Asteraceae). Oecologia 66:423-426.
1989. Changes in leaf mono- and sesquiterpene metabolism with nitrate availabil
ity and leaf age in Heterotheca subaxillaris. J. Chern. Ecol. 15:1579-1588.
Mihaliak, C. A, D. Couvet, and D. E. Lincoln. 1987. Inhibition of feeding by a generalist
insect due to increased volatile leaf terpenes under nitrate-limiting conditons. J.
Chern. EcoL 13:2059-2067.
Miller, C. A. 1977. The feeding impact of spruce budworm on balsam fir. Can. J. For.
Res. 7:76-84.
Miller, H. G., J. D. Miller, and J. M. Cooper. 1981. Optimum foliar nitrogen concentra
tion in pine and its change with stand age. Can. J. For. Res. 11:563-572.
Milliken, G. A and D. E. Johnson. 1984. Analysis of Messy Data. Wadsworth, Inc.,
Belmont, California. 473 pp.
Morrison, L K 1972. Variation with crown position and leaf age ir content of seven
elements in leaves of Pinus banksiana Lamb. Can. J. For. Res. 2:89-94.
1973. Distribution of elements in aerial components of several natural jack pine
stands in northern Ontario. Can. J. For. Res. 3:170-179.
Morrison, I. K, N. W. Foster and H. S. D. Swan. 1981. Ten-year response of semimature
jack pine forest in northwestern Ontario to fall nitrogen-phosphorus and nitrogen
potassium fertilizer treatments. For. Chron. 57:208-211.

148

THE GREAT LAKES ENTOMOLOGIST

Vol. 26, No.2

Morrow, L. D. and V. R. Timmer. 1981. Intraseasonal growth and nutrient composition
of jack pine needles following fertilization. Can. J. For. Res. 11:696-702.
Morrow, P. A. and L. R. Fox. 1980. Effects of variation in Eucalyptus essential oil yield
in insect growth and grazing damage. Oecologia 45:209-219.
Munson, A. D. and V. R. Timmer. 1989. Site-specific growth and nutrition of planted
Picea mariana in the Ontario clay belt. II. Effects of nitrogen fertilization. Can. J. For.
Res. 19:171-178.
Muzika, R. M., K. S. Pregitzer, and J. W. Hanover. 1989. Changes in terpene production
following nitrogen fertilization of grand fir (Abies grandis [Dougl.] Lindl.) seedlings.
Oecologia 80:485-489.
Raffa, K. F. and R. J. Steffeck. 1988. Computation of response factors for quantitative
analysis of monoterpenes by gas-liquid chromatography. J. Chern. EcoL 1385-1390.
Redak, R. A. and R. G. Cates. 1984. Douglas-fir (Pseudotsuga menziesii)-spruce bud
worm (Choristoneura occidentalis) interactions: the effect of nutrition, chemical
defenses, tissue phenology, and tree physical parameters on budworm success. Oecolo
gia 62:61-67.
Retnakaran, A. 1983. Spectrophotometric determination of larval ingestion rates in the
spruce budworm (Lepidoptera: Tortricidae). Can. Entomol. 115:31-40.
Rudloff von, E. 1975. Seasonal variation in the terpenes of the foliage of black spruce.
Phytochemistry 14:1695-1699.
Rudloff von, E. and M. Granat. 1982. Seasonal variation of the terpenes of the leaves,
buds, and twigs of balsam fir (Abies balsamea). Can. J. Bot. 60:2682-2685.
Rudolf, P. O. 1958. Silvical characteristics of jack pine. USDA Forest Service, Lake
States Forest Experiment Station. Station Paper No. 61.
Rudolph, T. D. and P. R. Laidly. 1990. Pinus banksiana Lamb. pp. 280-293. In:Burns,
R.M. and B.H. Honkala, eds. Silvics of North America VoL 1 Conifers. USDA For.
Serv. Agric. Hand. 654.
Schmidt, W. C. and D. G. Fellin. 1983. Effect of fertilization on western spruce budworm
feeding in young western larch stands. In: Proceedings, forest defoliator-host interac
tions: a comparison between gypsy moth and spruce budworms. USDA Forest Ser
vice Gen. Tech. Rep. NE·85.
Schmitt, M. D. C., M. M. Czapowshyj, D. C. Allen, E. H. White, and M. E. Montgomery.
1983. In: Proceedings, forest defoliator-host interactions: a comparison between
gypsy moth and spruce budworms. USDA Forest Service Gen. Tech. Rep. NE-85.
Scriber, J. M. and F. Slansky. 1981. The nutritional ecology of immature insects. Ann.
Rev. EcoL 26:183-211.
Shaw, G. G., C. H. A. Little, and D. J. Durzan. 1978. Effect offertilization of balsam fir
trees on spruce budworm nutrition and development. Can. J. For. Res. 8:364-374.
Slansky, F. Jr. and P. Feeny. 1977. Stabilization of the rate of nitrogen accumulation by
larvae of the cabbage butterfly on wild and cultivated food plants. Eco!. Monogr.
47:209-228.
Smith, R. H. 1964. Variation in the monoterpenes of Pinus ponderosa Laws. Science
143:1337-1338.
Stergas, R. L. and K. B. Adams. 1989. Jack pine barrens in northeastern New York:
postfire macronutrient concentrations, heat content and understory biomass. Can. J.
For. Res. 19:904-910.
Strong, D. R., J. H. Lawton, and T. R. E. Southwood. 1984. Insects On Plants. Harvard
University Press, Cambridge, Massachusetts.
Swan, H. S. D. 1960. The mineral nutrition of Canadian pulpwood species. Pulp and
Paper Research Institute Canada, Tech. Rep. 168.
_ _. 1970. Relationships between nutrient supply, growth and nutrient concentra
tions in the foliage of black spruce and jack pine. Pulp and Paper Res. Inst. Can.,
Woodlands Rep. No. 19.
Thorin, J. and H. Nommik. 1974. Monoterpene composition of coritical oleoresin from
different clones of Pinus sylvestris. Phytochemistry 13:1879-1881.
van den Driessche, R. 1988. Nursery growth of conifer seedlings using fertilizers of

1993

THE GREAT LAKES ENTOMOLOGIST

149

different solubilities and application time, and their forest growth. Can. J. For. Res.
18:172-180.
1974. Prediction of mineral nutrient status of trees by foliar analysis. Bot. Rev.
40:347-394.
Waring, R. H. and C. T. Youngberg. 1972. Evaluating forest sites for potential growth
response of trees to fertilizer. Northwest Science 46:67-75.
Weetman, G. F. and R. M. Fournier. 1984. Ten-year growth and nutrition effects of a
straw treatment and of repeated fertilization on jack pine. Can. J. For. Res.
14:416-423.
White, T. C. R 1974. A hypothesis to explain outbreaks of looper caterpillars, with
special reference to populations of Selidosema suavis in a plantation of Pinus radiata
in New Zealand. Oecologia 16:279-301.
1984. The abundance of invertebrate herbivores in relation to the availability of
nitrogen in stressed food plants. Oecologia 63:90-105.
Wilde, S. A., J. G. Iyer, C. Tanzer, W. L. Trautmann and K.G. Watterston.1964. Growth
of jack pine (Pinus banksiana Lamb.) plantations in relation to fertility of non-phreatic
sandy soils. Soil Sci. 98:162-169.
Wilkinson, RC. 1985. Comparative white pine weevil attack susceptibility and cortical
monoterpene composition of western and eastern white pine. For. Sci. 31:39-42.

1993

THE GREAT LAKES ENTOMOLOGIST

151

A NEW MICROSPORIDIUM IN ALFALFA WEEVIL POPULATIONS:
DISTRIBUTION AND CHARACTERIZATION
Leellen F, Solter ' , Stephen J. Roberts 1
Joseph V. Maddox l and Edward J. Armbrust]

ABSTRACT
A microsporidium species, not previously reported, was found infecting
field populations of the alfalfa weevil, Hypera postica, in Illinois. The patho
gen is widely distributed thoughout the state. Percent infection ranged from
1% to 50% at different collection locations. Characteristics of the microspori
dium and possible modes of transmission are presented.
Prior to this report, three different microsporidia were recovered from the
alfalfa weevil, Hypera postica (Gyllenhal). A microsporidium, thought to be a
Nosema species, was isolated from a single dead alfalfa weevil larva collected
in Edwards County, Illinois (Maddox and Luckman 1966). Although we have
Giemsa-stained slides of this micro sporidium, viable spores are not presently
available. Drea et al. (1969) reported a microsporidium (Nosema sp.) infecting
a laboratory colony of alfalfa weevils in Moorestown, New Jersey. We have
both Giemsa-stained slides and viable spores of this microsporidium. A third
microsporidium was recovered from a laboratory colony of alfalfa weevils at
Utah State University and described as Perezia hyperae (Youssef 1974). Later,
Sprague (1977) placed P. hyperae in the genus Nosema. The micro sporidium
species isolated by Maddox and Luckmann (1966) is distinctly different from
the other two species based on comparisons of Giemsa-stained slides.
In 1974 alfalfa weevil larvae from the Illinois counties of Washington and
Mason were examined for pathogens (Roberts et al., 1977). Three of the 715.
larvae examined were infected with a microsporidium considered to be cons:pe
cific with the Nosema species recovered in 1966. Because this Nosema specIes
has been observed in alfalfa weevil populations only two times, and in both
cases the prevalence was very low « 1 %), we believe it is possible that the
alfalfa weevil is not the primary host for this microsporidium. The Nosema
species reported by Drea et al. (1969) and Youssef (1974) have never been
reported from field collections of alfalfa weevils.
We conducted a statewide survey for alfalfa weevil pathogens in April of
1990. A micro sporidium, different from the descriptions of the previously
reported species, was found. This organism was recovered from alfalfa fields
in 22 of 31 counties surveyed from 1990 through 1992 (Figure 1). It was also
found in a colonr of field-collected alfalfa weevils at Ohio State University, in
a field sample 0 alfalfa weevils collected on burr clover and black medic near
Lutcher, Louisiana, and in field samples of alfalfa from Prince Georges Co.,
Maryland and Lincoln Co., Missouri. Field-collections in Illinois have shown

lCenter for Economic Entomology, Illinois Natural History Survey, 607 E. Pea
body Drive, Champaign, IL 61801.
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County surveyed; no microsporidia found.
County surveyed; microsporidia found.

Figure 1. Prevalence of a new microsporidium species in Illinois. aPrevalence reported is
the highest recorded between two collection years.
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Figure 2. Spores of a new microsporidium species in the midgut tissue of the alfalfa
weevil.

the prevalence of the microsporidium to be from 1% to 50% (Figure 1) in
counties where it was recovered. We believe that the pathogen is relatively
new to Illinois alfalfa weevil populations because it was not found in the
extensive pathogen surveys in 1966 and 1974.
The spores (Figure 2) and vegetative forms of the microsporidium were
found in the midgut, hindgut, fat body, and Malpigbian tubules of alfalfa
weevil larvae and adults, and also in salivary gland tissue in the larvae. The
spores ranged in length from 2.3 - 3.1 /lm and in width from 0.8 to 1.2 /lm. The
average spore length was 2.7 ± 0.2 /lm and the average width was 1.0 ± 0.1
JLm (Table 1).
We were able to produce horizontal transmission of the micro sporidium
when first-instar alfalfa weevils were fed alfalfa leaves coated with spores at a
concentration of 1 X 104 spores/JLl. Infection was found in 11 ofl7larvae (65%)
that reached the fourth stadium. Control larvae were free of infection. Addi
tionally, we immersed 32 first- and second-instars for 15 seconds in a spore
solution at a concentration of 8.8 X 106 spores/JLl. Nineteen larvae survived,
and seven (37%) developed infection.
The microsporidium also appeared to be transovarially transmitted. Eggs
collected from isolated alfalfa weevil females were surface-sterilized by immer
sion in 10% formaldehyde for 10 minutes and rinsed 3 times in distilled water.
The eggs from each female were held in separate rearing dishes from those of
other females and, after oviposition, the females were dissected and squash

154

THE GREAT LAKES ENTOMOLOGIST

Table 1. Comparison of rnicrosporidia recovered from the alfalfa weevil.
Species
Average
Average
width (!'ffi)
recovered
length (!'ffi)
Nosema hyperaea
Nosema sp.b
Nosema sp.c

3.1

Vol. 26, No.2

Shape

~~1.~7------------s-p~h-er-o~id~al

4.9
6.0
Undescribed sp.
2.7
aYoussef (1974), revised by Sprague (1977).
bMaddox and Luckmann (1966).
cDrea et aI. (1969).

2.5
4.5
1.0

spheroidal
ovoid
rod

preparations of midgut tissues were examined for infection. Eighteen of 21
larvae from 3 infected females were infected; 22 larvae produced by 6 unin
fected females were not infected.
Additionally, we surface-sterilized 100 eggs collected at random from a
heavily infected laboratory colony. Fifty larvae were retrieved and all were
infected. Several noneclosed eggs were immersed in a 10% bleach solution in
order to dissolve the chorions and to destroy any spores which may have been
present on the surface of the eggs. Squash preparations were made of the
embryos and were examined microscopically for mfection. The embryonic tis
sue was infected with the microsporidium.
Studies on the complete life cycle and the ultrastructural characteristics
of this new micro sporidium are being conducted. Until these studies are com
pleted, the generic identity of the new microsporidium cannot be determined.
Likewise, the importance of the microsporidium as a biological control agent
cannot be fully evaluated until studies on the host range and effect of the
disease on the alfalfa weevil are completed.
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USE OF ETHANOL-AND TURPENTINE-BAITED FLIGHT TRAPS TO
MONITOR PISSODES WEEVILS (COLEOPTERA: CURCULIONIDAE) IN
CHRISTMAS TREE PLANTATIONS
L. K. Rieske and K. F. Raffa l

ABSTRACT
Pissodes nemorensis and Pissodes strobi are major pests of pine produc
tion in eastern North America. Ethanol-and-turpentine baited traps were used
here to monitor weevil populations in a Scotch pine Christmas tree plantation
in Wisconsin. Baited pitfall traps were ineffective in trapping either weevil
species. However, baited flight traps at 0.8 and 1.6 m above ground effec
tIvely captured flying weevils of both species, 70% of which were P. nemoren
sis. Females of both species were more attracted than males to the ethanoll
turpentine baits. Significantly more female P. nemorensis and total P.
nemorensis were trapped at a height of 0.8 m than 1.6 m. There was no
significant difference in male P. nemorensis response to the different heights,
nor was there a significant difference in response to trap height by P. strobi.

The white pine weevil, Pissodes strobi (Peck), and the eastern pine weevil,
Pissodes nemorensis Germar, are significant pests of conifer reproduction
(Drooz 1985). Pissodes strobi feeding, oviposition, and larval development
occur in the terminal leaders of host pine (pinus) and spruce (Picea) trees.
Damage appears as flagged terminal branches with a characteristic shep
herd's crook, most commonly on young, vigorous trees (Benyus 1983). Pis
sodes strobi is widely distributed throughout North America. In eastern
North America. eastern white pine, Pinus strobus L., and Norway spruce,
Picea abies L., are most severely attacked (Drooz 1985).
Pissodes nemorensis requires stressed host plants to complete develop
ment. It preferentially attacks the basal stem region and lower lateral
branches of stressed trees, and frequently breeds in stumps and logs (Bliss &
Kearby 1969, Drooz 1985). Seedlings in Christmas tree planatations and
intensively managed timber stands are particularly susceptible to attack. Pis
sodes nemorensis commonly occurs throughout eastern North America, with
favored host plants being red pine, Pinus resinosa, and Scotch pine, Pinus
sylvestris.
Although P. strobi is the more aggressive of the two species, adult feeding
and larval development of both species can cause considerable host disfigure
ment and occasional mortality. The dispersal abilities of both species are well
documented (Finnegan 1958, Overhulser & Gara 1975). Pissodes strobi
emerge from overwintering sites when temperatures reach 6° C (Sullivan
1959), and flight activity occurs at temperatures from 16°C to 29°C (MacAlo
ney 1932, Silver 1968).

lDepartment of Entomology, University of Wisconsin, Madison, WI 53706.
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Ethanol and turpentine are recognized as important host volatiles attract
ing many forest-dwelling insects; these compounds have been successfully
employed to bait traps for pine-infesting coleopterans (Moeck 1970, Fatzinger
1985, Raffa & Hunt 1988, Rieske 1990, Rieske & Raffa 1990).
Insecticides, intensive cultural practices, and sanitation are used to man
age these weevil populations in pine plantations. A simple method for detect
ing and monitoring these weevils prior to yield losses and grade reduction
could reduce insecticide usage, and alleviate the need for labor intensive exam
ination of potentially infested trees.
The objectives of this study were to assess the feasibility of employing
ethanol and turpentine baited traps to monitor Pissodes populations, and
characterize flight patterns of these weevils in infested Christmas tree planta
tions.

MATERIALS AND METHODS
The study was conducted in the summer of 1989 in Waushara county in
central Wisconsin. The field site was established on a Scotch pine Christmas
tree plantation on sandy soil, with a tree spacing of 1.7 m.
To monitor Pissodes flight activity, baited flight traps equivalent to those
developed for Hylobius spp. (Rieske 1990, Rieske & Raffa 1990) were used,
and consisted of inverted 4 I (1 gal.) plastic milk containers with three sides
cut away. The fourth side served as a mounting and strike surface for in-flying
insects. A 200 m1 polyethylene jar was attached at the bottom of each trap
and served as a holding jar for trapped insects. The holding jar was unbaited,
and the interior was coated with liquid Teflon to prevent weevil escape. Two 2
mm holes were drilled in the bottom to allow for drainage.
Baits were dispensed separately from two 2 ml glass vials (0.5 dram, 12 X
35 roml, suspended by thin aluminum wire and attached to the strike surface.
Baits consisted of 95% ethanol and undiluted turpentine. The turpentine
(Mautz Paint Company, Madison, Wisconsin) was analyzed by gas chromatog
raphy using the method of Raffa & Steffeck (1988), and was found to consist
of 46% alpha-pinene, 42% beta-pinene, 2% beta·phellandrene, 1% limonene,
0.88% camphene, 0.77% myrcene, and < 1% unknown compounds. Volatiliza
tion rates under laboratory conditions (22 0 C) were 200 mg/day for ethanol
and 40 mg/day for turpentine, for a 1:1 volume. Baits were replenished weekly
throughout the monitoring period.
Two flight traps were attached to wooden stakes (5 X 5 X 180 cm), with
the height of the trap tops at 0.8 and 1.6 m. The heights were chosen to
coincide with the grass and tree canopy heights (0.2-0.5 and 1.7 m, respec
tively). The direction of the strike surface was randomly assigned to one of the
four cardinal directions. Barriers consisting of 20 X 20 cm corrugated plastic,
coated with liquid Teflon, were attached approximately 0.5 m above ground
level to prevent trap access by walking insects.
The flight traps were arranged in nine blocks of six stakes, each stake
with two traps, for a total of 108 traps. Each block occupied a 432 m 2 area
(21.6 X 20 m), and a 432 m 2 buffer zone containing no traps was placed
between each block. Blocks were oriented in a north-south direction, forming a
transect through a gradient of trees infested with Hylobius weevils. Although
the Hylobius infestation level approached 90% of all trees, little Pissodes
damage was evident at this site (Rieske 1990). The topography of the site was
such that some blocks were located on hill tops, whereas others were on slopes.
Adjacent to the flight traps, 54 corresponding ethanol and turpentine
baited pitfall traps were placed, separated by a 3Q.m wide buffer strip contain
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ing no traps. The pitfall traps used were modified from those developed by
Raffa & Hunt (1988), and were arranged similarly to the flight traps; they also
transected a gradient of Hylobius-damaged trees.
Both flight traps and pitfall traps were monitored on 6 to 10 day intervals
from mid-April to the end of August. Weevils were removed and the baits
replenished at each monitoring interval. Weevils were identified to species
using the discriminant analysis technique developed by Godwin et al. (1982),
and sexed according to the technique of Harman & Kulman (1966).
A chi-square contingency table was used to determine if Pissodes trap
catch differed between heights. Trap catch based on trap height was com
pared with Student's T-test; each sex of each species was analyzed individu
ally.
Daily temperature was monitored at a weather station approximately 19
km from the study site (National Oceanic & Atmospheric Administration
1989). Pissodes activity was related to cumulative degree days, based on
thresholds for P. strobi of 6 C for emergence from overwintering sites (Sul
livan 1959, Wallace & Sullivan 1985), and 16° C for diurnal flight (Silver 1968),
beginning 1 March.
0

RESULTS
Flight activity was first detected in late April, after cumulative degree
days reached 104.1 (6° C emergence threshold). The maximum number of
weevils were trapped in late May, and no Pissodes flight activity was detected
after July 1 (Fig. 1). Table 1 lists accumulated degree days for each week in
which flight activity was detected. Flight activity increased with increasing
temperatures, and continued until maximum temperatures exceeded the
upper flight threshold of 29° C (Table 1 and Fig. 1). 70% of the weevils trapped
were P. nemorensis, 30% were P. strobi (N = 69). Very few « 10) Pissodes
weevils were trapped in the pitfall traps.
Both species preferred the 0.8 m height to the 1.6 m height (P < 0.005, X 2
= 66.6, df = 1); 90% of the total weevils trapped were captured at the lower
height. Trap height was significant (P < 0.05) for female and totalP' nemoren
sis (Table 2, T = 2.56 and 2.48, respectively).
The observed sex ratio for both species was female biased. For P. nemoren
sis the ratio of females to males was 1. 7, which differed significantly (P <
0.05) from the expected 1:1 ratio across both heights (X 2 = 40.5, df = 1).
Although the observed ratio of female to male P. strobi was 1.6, too few P.
strobi were captured for a chi square analysis.
DISCUSSION
Traps baited with ethanol and turpentine proved effective for monitoring
Pissodes flight activity in Christmas tree plantations. The species composi
tion found at this site was not surprising. Stressed and weakened trees, as well
as fresh stumps, supply ideal breeding substrate for P. nemorensis (Benyus
1983). These conditions were provided by the severe drought of 1988, high tree
mortality due to Hylobius weevils, and intensive management practices that
supplied an adequate resource base.
The larger catch in the lower traps suggests that these weevils fly below
the tree canopy, and perhaps orient to the understory vegetation. The absence
of appreciable numbers of Pissodes in the ethanol-and-turpentine baited pit
fall traps suggests that these species orient to hosts during flight rather than
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Figure 1. Seasonal pattern of Pissodes nemorensis and P. strobi captured in ethanol-and
turpentine baited flight traps in a Wisconsin Christmas tree plantation, 1989. Traps
were monitored from mid-April through the end of August_

Table 1. Weekly accumulated degree days beginning 1 March (flight threshold temperature =
16° C). and days exceeding the 29° C maximum for Pissodes flight activity. over the period il)
which Pissodes flight activity was detected.
Time interval
1-7
o
8-14
0.2
15-21
23.4
30.3
22-28
May 29-June 4
22.7
June 5-11
27.1
12-18
15.3
19-25
81.4
26-July 2
56.9
IMasimum daily temperature

Cumulative
DD (OC)

o
0.2

23.6
53.9
76.6
103.7
119.0
200.4
257.3

Days over 29° Cl

o
o
o
o
o
o
o
5

2

while walking, and/or they respond to these volatiles primarily during periods
of migration and dispersal.
Although all the weevils were caught during mid-spring to early summer,
newly emerged P. strobi are known to be present and active in late summer to
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Table 2. Total number of Pissodes nemorensis and P. strobi captured in ethanol and turpentine
baited flight traps at 0.8 and 1.6 m above ground in a Wisconsin Scotch pine Christmas tree
plantation, April 15 to August 31, 1989. Test statistic (T) and probability (p) for differences
between trap height.
Trap height (m;
Species
Sex
0.8
1.6
TIp)
P. nemorensis
Male
18
2.19 (0.08)
0
Female
27
2.56 (0.05)**
3
Total
3
45
2.48 (0.05)**
P. strobi
Male
6
2
0.79 (0.46)
Female
2
1.75 (0.13)
11
Total
17
1.56 (0.17)
4
2.22 (0.07)
Total insects
62
7
**,P<0.05, T test.

early fall (Wallace & Sullivan 1985). Thus, adults emerging from overwinter
ing sites in spring may be more responsive to host volatiles than recently
developed, sexually immature adults, as has been observed with some Hylo
bius weevils (Rieske & Raffa 1990, Nordenhem & Eidmann 1991).
The nearly 2:1 ratio of females to males of both Pissodes species in this
study suggests that orientation to host material may be more important for
female weevils. Although the brood sex ratio of Pissodes is reported to be 1:1,
previous studies with attractants have resulted in female-biased trap catches
(Godwin & Odell 1967, Phillips et al. 1984). The male produced aggregation
pheromone attracting both sexes of both species is reportedly produced only
during periods when females are reproductively mature (Booth et al.1983,
Phillips et al. 1984). The possibility that trapped males emitted pheromone,
and thereby contributed to the female biased ratio found here, cannot be
excluded.
Current control methods for Pissodes weevils call for annual inspection
for adult feeding scars and larval damage, calendar applications of insecti
cides, and intensive cultural practices (Benyus 1983). The ability to detect and
monitor potential infestations will further help in the development of manage
ment techniques that allow Christmas tree growers to apply treatments based
on defined action thresholds, rather than as insurance.

ACKNOWLEDGMENTS
We thank the Kirk Company of Wautoma, Wisconsin for the study site. T.
Phillips provided technical assistance and valuable advice on revision of the
manuscript. M. Bleck, R. Funck, S. Gilbert, J. Graetz, and L. Kellner assisted
with trap installation and data collection. This research was supported by the
Christmas Tree Producers Association of Wisconsin, Minnesota, Michigan
and Illinois, the Wisconsin Department of Agriculture Trade & Consumer
Protection Sustainable Agriculture Grant 8825, USDA 86-CRCR-1-2077,
USDA 86-FSTY-9021O, the University of Wisconsin Applied Research Pro
gram, and the University of Wisconsin-Madison College of Agricultural and
Life Sciences.

160

THE GREAT LAKES ENTOMOLOGIST

Vol. 26, No.2

LITERATURE CITED
Benyus, J. M. (ed.). 1983. Christmas tree pest manual. USDA For. Servo North Central
For. Exp. Sta. St. Paul, 108 p.
Bliss, M., & W. H. Kearby. 1969. Notes on the life history of the pales weevil and
northern pine weevil in central Pennsylvania. Ann. Entomol. Soc. Am. 63:731-734.
Booth, D. C., T. W. Phillips, A. Claesson, R. M. Silverstein, G. N. Lanier, & J. W. West.
1983. Aggregation pheromone components of two species of Pissodes weevils (Coleop
tera: Curculionidae): isolation, identification, and field activity. J. Chem. Ecol. 9:1-12.
Drooz, A. T. (ed.). 1985. Insects of eastern forests. USDA For. Serv. Misc. Publ. No.
1426. Washington, D.C., 608 p.
Fatzinger, C. W. 1985. Attraction of the black turpentine beetle (Coleoptera: Scolytidae)
and other forest coleoptera to turpentine-baited traps. Environ. Entomol. 14:768-775.
Finnegan, R. J. 1958. The pine weevil Pissodes approximatus Hopk., in southern
Ontario. Can. Entomol. 90:348-354.
Godwin, P. A. & T. M. Odell. 1967. Experimental hybridization of Pissodes strobi and
Pissodes approximatus (Coleoptera: Curculionidae). Ann. Entomol. Soc. Am.
60:55-58.
Godwin, P. A., H. T. Valentine & T. M. Odell. 1982. Identification of Pissodes strobi, P.
approximatus, and P. nemorensis (Coleoptera: Curculioniiiae), using discriminant anal
ysis. Ann. Entomol. Soc. Am. 75:599-604.
Harman, D. M. & H. M. Kulman. 1966. A technique for sexing live white pine weevils,
Pissodes strobi. Ann. Entomol. Soc. Am. 59:315-317.
MacA loney, H. J. 1932. The white pine weevil. USDA Circular 221. Washington, D.C.
Moeck, H. A. 1970. Ethanol as the primary attractant for the ambrosia beetle Trypoden
dron lineatum (Coleoptera: Scolytidael. Can. Entomol. 102:985-995.
National Oceanic & Atmospheric Administration. 1989. Climatological Data, Wiscon
sin. National Climatic Data Ctr. Asheville, North Carolina.
Nordenhem, H., & H. H. Eidmann. 1991. Response of the pine weevil Hylobius abietis L.
(Coloptera: Curculionidae) to host volatiles in different phases of its adult life cycle. J.
Applied Entomol. 112:353-358.
Overhulser, D. L. & R. I. Gara. 1975. Spring flight and adult activity of the white pine
weevil, Pissodes strobi (Coleoptera: Curculionidae), on Sitka spruce in western Wash
ington. Can. Entomol. 107:251-256.
Phillips, T. W., J. R. West, J. L. Foltz, R. M. Silverstein, & G. M. Lanier. 1984. Aggrega
tion pheromone of the deodar weevil, Pis sodes nemorensis (Coleoptera: Curculionidae):
isolation and activity of grandisol and grandisal. J. Chem. Ecol. 10:1417-1423.
Raffa, K. F. & D. W. A. Hunt. 1988. Use of baited pitfall traps for monitoring pales
weevil, Hylobius pales (Coleoptera: Curculionidae). Great Lakes Entomol. 21:123-125.
Raffa, K. F. & R. J. Steffeck. 1988. Computation of response factors for quantitative
analysis of monoterpenes by gas-liquid chromatography. J. Chern. Eco!.
14:1385-1390.
Rieske, L. K. 1990. Use of host volatiles for evaluating popUlation patterns, dispersal,
and behavioral responses of the pine root weevil complex, Hylobius pales (Herbst),
Pachylobius picivorus (Germar), and Hylobius radicis Buchanan, in pine plantations.
M.s. thesis. Univ. of Wisconsin, Madison, 144 p.
Rieske, L. K. & K. F. Raffa. 1990. Dispersal patterus and mark-and-recapture estimates
of two pine root weevil species, Hylobius pales and Pachylobius picivorus (Coleoptera:
Curculionidae), in Christmas tree plantations. Environ. Entomol. 19:1829-1836.
Silver, G. T. 1968. Studies on the Sitka spruce weevil, Pissodes sitchensis, in British
Columbia. Can. Entomol. 100:93-110.
Sullivan, C. R. 1959. The effect of light and temperature on the behaviour of adults of
the white pine weevil, Pissodes strobi Peck. Can. Entomol. 91:213-232.
Wallace, D. R., & C. R. Sullivan. 1985. The white pinewoovil, Pissodes strobi (Coleop
tera: Curculionidae): a review emphasizing behavior :and development in relation to
physical factors. Proc. Entomol. Soc. Onto 116:39-61.

INSTRUCTIONS FOR AUTHORS
Papers dealing with any aspect of entomology will be considered for publication in The Great Lakes
Entomologist. Appropriate subjects are those of interest to professional and amateur entomologists
in the North Central States and Canada, as well as general papers and revisions directed to a larger
audience while retaining an interest to readers in our geographic area.
All manuscripts are refereed by two reviewers, except for short notes, which are reviewed at the
discretion of the Editor. Manuscripts must be typed, double-spaced, with 1" margins on 8 112 x 11" or
equivalent size paper, and submitted in triplicate. Please underline oniy those words that are to be
italicized. Use subheadings sparingly. Footnotes (except for author's addresses, which must be on the
title page, and treated as a footnote), legends, and captions of illustrations should be typed on
separate sheets of paper. Titles should be concise, identifying the order and family discussed. The
author of each species must be given fully at least once in the text, but not in the title or abstract, If a
common name is used for a species or group, it should be in accordance with the common names
published by the Entomological Society of America, The format for references must follow that used
in previous issues of The Great Lakes Entomologist. Literature cited is just that - no unpublished
manuscripts or internal memos. Photographs should be glossy finish, and mounted on stiff white
cardboard (transparencies are not acceptable). Drawings, charts, graphs, and maps must be scaled to
permit proper reduction without loss of detail. Please reduce illustrations or plates to a size no greater
than 9 x 12" to permit easier handling, Attach a figure number to the reverse side of each figure and
include the authors' names. Unsnitably mounted photographs or poor figures will be returned to
authors for revision.
Tables should be kept as uncluttered as possible, and should fit normally across a page wh!'.ll
typeset by the printers. Contributors should follow the Council ofBiology Editors Style Manual, 5th
ed" and examine recent issues of The Great Lakes Entomologist for proper format of manuscripts.
Manuscripts may also be submitted on computer disk (MS-DOS, Apple II, or Macintosh format)
along with a printed copy. after they have been accepted for publication. Authors are especially
encouraged to do so if their manuscript is longer than 2 printed journal pages, or if they are without
funds for page costs,
Papers published in The Great Lakes Entomologist are subject to a page charge of $30.00 per
published page, Members of the Society, who are authors without funds from grants, institutions, Or
industry, and are unable to pay costs from personal funds, may apply to the SOCiety for financial
assistance, Application for subsidy must be made at the time a manuscript is initially submitted for
publication.
Authors will receive page proof, together with an order blank for separates. Extensive changes to
the proof by the author will be billed at a rate of $1.00 per line.
All manuscripts for The Great Lakes Entomologist should be sent to the Editor, Mark F, O'Brien,
Insect Division, Museum of Zoology. The University of Michigan, Ann Arbor, MI, 48109-1079,
USA, Other correspondence should be directed to the Executive Secretary (see inside front cover).

