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SEASONAL SHOOT-FEEDING BY TOMICUS PINIPERDA
[COLEOPTERA: SCOLYTIDAE) IN MICHIGAN
Robert A. Haack 1, Robert K. Lawrence 2 and George C. Heaton 1

ABSTRACT
Seasonal shoot-feeding by Tomicus piniperda (L.) was monitored at 2
week intervals on 15 Scotch pine, Pinus sylvestris L., trees from 8 April
through 16 November 1994 in southern Michigan. All shoots that showed evi
dence of T. piniperda attack were removed every two weeks. In 1994, initial
spring flight of T. piniperda began on 22 March. At least two live T. piniperda
adults were found on the 15 trees on each sampling date from 8 April
through 1 November 1994. In addition, at least one freshly attacked, beetle
free shoot was found on each sampling date except for 1 November. The
greatest numbers of newly attacked shoots, with or without adults present,
were found from mid-June through mid-August. All adults found in April and
May were likely parent adults, while those from June onward were primarily
brood adults. Therefore, at all times of the year, live T. piniperda adults can
be found on live pine trees, either feeding in the shoots or overwintering at
the base of the trunk. Implications of these findings are provided in light of
the US federal quarantine on T. piniperda.

Established populations of the pine shoot beetle, Tomicus piniperda (L.)
(Coleoptera: Scolytidae), were first discovered in Ohio in 1992 and as of Jan
uary 2000 it had spread to 271 counties in 11 US states and 32 counties in 2
Canadian provinces [Haack and Kucera 1993, Haack 1997, Haack et al.
1997, NAPIS 2000; Canadian Food Inspection Agency (pers. comm.)]. Given
that T. piniperda is a major pest of pines throughout its native Eurasian
range (Bakke 1968, La.ngstrOm 1983, Salonen 1973, Ye 1991), the United
States Department of Agriculture, Animal and Plant Health Inspection Ser
vice (USDA APHIS) implemented a federal quarantine in 1992 on the move
ment of pine from T. piniperda-infested counties to uninfested counties
within the US (USDA APHIS 1992). The quarantine regulates the movement
of pine logs, pine Christmas trees, and pine nursery stock.
Tomicus piniperda is univoltine. Adults overwinter within the outer bark
at the base of the trunk of live pine trees. In early spring, when daily high
temperatures begin to exceed 12°C, T. piniperda adults initiate flight and
seek suitable breeding material such as recently cut or fallen pine logs and
stumps. After completing one egg gallery, some parent adults re-emerge and
initiate additional egg galleries. In the Great Lakes region, adults of the new

lUSDA Forest Service, North Central Research Station, 1407 S. Harrison Road,
Michigan State University, East Lansing, MI 48823.
2Current address: Missouri Department of Conservation, 1110 South College Ave.,
Columbia, MO 65201.
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generation typically begin to emerge in June. These new adults fly to the
crowns of pine trees and feed inside one or more shoots during summer and
early fall. Then, in apparent response to the first few hard freezes in fall,
adults exit the shoots and move to their overwintering sites (Bakke 1968,
Haack and Lawrence 1995, 1997b; Langstrom 1983, McCullough and Smitley
1995, Salonen 1973).
Given the above life-history information, it was thought that there might
be a "T. piniperda-free" window in spring during which time pine nursery
stock could be shipped to areas outside the quarantine zone without inspec
tion or treatment. In theory, this window of opportunity would begin after all
adults had left their overwintering sites in early spring and end before the
next generation of adults would start shoot feeding in early summer. This
scenario is based on the assumption that during spring, parent adults repro
duce but do not shoot-feed. However, from studies in northern Europe
(Lfmgstrom 1983, Salonen 1973), it was known that some T. piniperda par
ent adults shoot-feed immediately after overwintering and then look for
breeding sites, while others first breed and then shoot-feed before starting
their next egg gallery. Since the original source or sources ofthe North Amer
ican T. piniperda populations are not known (Carter et al. 1996), the type of
early-season shoot-feeding behavior reported in Scandinavia might also be
observed in the US. Therefore, given the great interest that the US nursery
industry had in this question, we decided to explore the seasonal shoot-feed
ing behavior of aT. piniperda population in Michigan.
MATERIALS AND METHODS
In April 1994, we selected 15 open-grown Scotch pine, Pinus sylvestris L.,
trees that were growing in a Christmas tree plantation near Eaton Rapids,
Eaton County, MI, that was heavily infested with T. piniperda. The 15 trees
that we selected were 3-4 m tall and were growing in an area of the 10-ha
plantation that was no longer under active management, i.e., these pine
trees had not been sheared in several years and were generally 1-2 m taller
than the pine Christmas trees under active management.
On 8 April 1994, and continuing at 2-week intervals through 16 Novem
ber 1994, we thoroughly inspected each of the 15 trees, cutting and removing
all current-year and l-year-old shoots that showed evidence of T. piniperda
shoot feeding, i.e., a circular, ca. 2-mm wide, entrance hole through the bark.
On the first sampling date, we removed shoots attacked in 1994 as well as
those attacked in earlier years. Current-year attacks usually had resin near
the entrance hole that was yellow and relatively pliable, and the surrounding
needles were still green in color. Attacks from earlier years tended to have
resin that was whitish in color and would easily crumble when touched, and
the surrounding needles were usually yellow to brown in color. The attacked
shoots were placed in labeled plastic bags and then refrigerated until in
spected, which was usually within 24 h of collection. During the inspection
process, we recorded the number of individual attacks (i.e., feeding tunnels)
on each shoot, the location of each attack (i.e., on current-year or l-year-old
growth), the presence or absence of T. piniperda adults in each tunnel, and
whether each adult was alive or dead. In addition, other notes were taken on
the condition and length of the tunnels, the color and condition of the foliage,
the presence and condition of pitch tubes that surrounded the entrance to
some tunnels, and the color of the adult beetles.
A one-way ANOVA (PROC GLM, SAS Institute 1989) was used to test for
differences among collection periods in the average number of attacked
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Figure 1. Total number of newly attacked shoots collected from 15 Scotch
pine trees in Michigan at 2-week intervals from 8 April through 16 Novem
ber 1994 and either did or did not contain live 1bmicus piniperda adults in
side the shoot.

shoots per tree, after square root transformation, and the percentage of re
cently attacked shoots that contained T piniperda adults, after arcsine
square-root transformation. When the ANOVA was significant at the p = 0.05
level, mean separation among collection periods was conducted with the
Ryan-Einot-Gabriel-Welsch multiple comparison test (Day and Quinn 1989,
SAS Institute 1989).
RESULTS AND DISCUSSION
Overall, we found two or more live T piniperda adults during every in
spection from 8 April through 1 November 1994 (Fig. 1). No live adults were
found in the shoots on the last inspection date of 16 November. In other 1994
studies that occurred at the same or a nearby field site, initial spring flight
began on 22 March and fall shoot departure occurred primarily between mid
October and mid-November (Haack and Lawrence 1997). The first T
piniperda feeding tunnels found in current-year growth occurred on 2 June
1994.
During the April 1994 inspections of the 15 test trees, we collected 368 T
piniperda-attacked shoots that appeared to have been attacked in 1993
(Table 1). The first light-brown T piniperda adults, indicating the new gener
ation of beetles, were found in shoots collected on 15 June 1994. Newly
emerged adults gradually turn from light brown to dark brown or black as

~

Table 1. Summary data for the number of prior-year (1993) or current-year (1994) shoots that had been attacked by Tomicus piniperda
on each of 15 Scotch pine trees from which all attacked shoots were removed every 2 weeks from 8 April through 16 November 1994 in
Michigan. Data are presented on the number of live adults collected per tree and the number of shoots per tree that had been recently
attacked but lacked T. piniperda adults.
Shoot collections from
8 April to 2 June 1994

Tree
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
Total

1994
1994
attacks attacks
with
with
1993
1
no
attacks adults adult
37
18
15
18
23
32
18
7
22
38(l)a
35(1)
33
14
14
44(2)
368(4)

Jun

Jul
1
1
3
1
6
1
4(1)
2
2
3
5
3
4
6
12

0
3
0
1
2
3
1
1
1
3
3
6
9
1
1

1
1
2
3
8(2)
0
1
0
3(1)
1
5
4(2)
3
0
2

0
0
3
5
2
2
2
0
1
4
4
5
10(2)
2
2

35

34(5)

42(2)

Shoot collections from 15 June to 16 November 1994b
Number of adults found
Number of shoots with no adults
Sep
Oct
Nov Sum Jun
Jul
Oct Nov Sum
3
3
1
2
6
1
0
0
1
5(1)
5
3
2
1
4
37(1)

0
0
0
0
3
2
1
0
0
0
0
3
3
0
1

0
1
0
1
1
0
0
0
0
0
1
0
2
2
3

0
0
0
0
1
0
0
0
0
0
1
0
0
0
0

4
5
7
9
19
6
7(1)
2
4
12(1)
16
14
21(2)
11
22

1
0
2
2
2
1
1
5
1
6
5
6
8
12
2

1
2
0
0
1
2
0
0
0
1
2
2
4
4
6

0
0
1
0
1
1
1
0
0
1
0
5
0
1
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
1

0
0
0
0
0
1
0
0
0
0
1
0
0
0
1

0
0
0
0
0
0
0
0
0
1
0
0
0
0
1

2
2
3
2
4
3
2
5
1
9
8
13
12
17
11

13

11

2

159(4)

54

25

11

1

3

2

96

aNumbers within parentheses represent the number of adults that were dead at the time of shoot inspection.
bData were summed over two consecutive collection periods, starting with the 15 June collection period: June collections were made
on 15 and 30 June, and similarly on 14 and 28 July, 12 and 25 August, 7 and 22 September, 4 and 18 October, and 1 and 16 November.
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they conduct their maturation feeding inside the shoots (Langstriim 1983).
Therefore, all live adults collected between 8 April and 2 June were likely
parent adults, whereas the vast majority of adults collected on 15 June and
onward were progeny adults. Data in Table 1 are divided between these two
periods when primarily parent adults were shoot-feeding (8 April-2 June) or
progeny adults were shoot-feeding (15 June-16 November). In Sweden,
Langstriim (1983) noted that a few T. piniperda parent adults, especially fe
males, could be found shoot-feeding throughout the entire summer and even
into the fall. Moreover, Schroeder and Risberg (1989) reported that some T.
piniperda adults can overwinter twice and even produce brood in the second
season.
On each of the five collection dates from 8 April to 2 June, we found 4 to
10 live adults among the 15 study trees (Fig. 1). In addition, for each of the
five collections from 8 April to 2 June, we found from 2 to 16 newly attacked
shoots among the 15 trees that lacked adults (Fig. 1), indicating that some
adults had entered the shoots, tunneled, and already left within the 2-week
period between collections.
Overall, from 8 April to 1 November 1994, we collected 197 T. piniperda
adults; 184 were alive and 13 were dead (Table 1). Of the 184 live adults, 29
were collected between 8 April and 2 June and thus were likely parent
adults, while 155 were collected between 15 June and 1 November and were
most likely progeny adults. Similarly, of the 13 dead T. piniperda adults col
lected in 1994, 4 were found in shoots that had apparently been attacked in
1993, 5 were in newly attacked shoots collected between 8 April and 17 May,
and 4 were found in newly attacked shoots collected between 30 June to 12
August 1994 (Table 1). In addition, we found 131 newly attacked shoots on
the 15 sample trees that lacked adults; 35 of these empty shoots were col
lected between 8 April and 2 June, and 96 were collected between 15 June
and 16 November (Table 1).
Overall, for the 197 T. piniperda adults collected in this study, we recov
ered 1 adult per shoot on 183 occasions and 2 adults per shoot on 7 occasions.
For the 7 shoots that contained 2 adults, there was 1 shoot that contained 2
dead adults (collected 8 April), 1 shoot that contained 1 dead and 1 live adult
(collected 14 July), and 5 shoots that contained 2 live adults (1 shoot col
lected 15 June, 2 on 14 July, 2 on 29 July, and 1 on 7 September). When 2
adults were found on the same shoot, they were always in separate tunnels.
Each of the 15 test trees had evidence of T. piniperda attack in 1993 and
1994. In fact, each of the 15 trees had at least one live adult or one newly at
tacked shoot that lacked an adult between 8 April and 2 June 1994 (Table 1).
Then, from the 15 June collection and onward, we collected between 2 and 22
live adults from each of the 15 test trees and an additional 1 to 17 newly at
tacked shoots per tree that lacked T. piniperda adults (Table 1).
Considering the period 15 June through 16 November when progeny
adults were actively shoot-feeding, the average number of newly attacked
shoots per tree, both with or without T. piniperda adults, was highest during
June (6.4 attacks/tree), July (5.2), and August (3.2) (Table 2). Similarly, the
average number of newly attacked shoots per tree that lacked live T.
piniperda adults was highest during June (3.6 empty shoots/tree) and then
decreased steadily through November (Table 2). Of the newly attacked
shoots, the percent that contained T. piniperda adults was lowest for shoots
collected during June (44%), and highest for shoots collected in September
(92%) (Table 2). These results indicate that T. piniperda adults are especially
active in June, often residing within a shoot for less than 2 weeks. In con
trast, by late summer (e.g., September), fewer beetles and even fewer newly
attacked but empty shoots are found, indicating that T. piniperda adults are
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Table 2. Mean (±SE) number of live 1bmicus piniperda adults per tree, mean number
of shoots per tree that had been attacked by T. piniperda in 1994 but lacked an adult
inside the shoot, and mean percent of the newly attacked shoots that contained one or
more T. piniperda adults based on 15 Scotch pine trees from which all attacked shoots
were removed every 2 weeks from April through November 1994 in Michigan. Data
were summed over two consecutive collection periods, starting with the 15 June collec
tion period because that is when adults of the new generation were first observed in
the shoots.

Month a
,June
July
August
September
October
November
F
df
p<

No. of
live
adults
2.8 ± 0.7
3.5±0.7a
2.5 ± 0.5 a
0.9 ± 0.3 b
0.7 ± 0.2 b
O.I±O.lb
12.3
5,84
0.0001

No. of
empty
shoots
3.6 ± 0.9 a
1.7 ± 0.5 b
0.5 ± 0.3 bc
0.1±0.1c
0.2 ± 0.1 c
0.1±0.1c
15.6
5,84
0.0001

No. of
adults plus
empty shoots
6.4 ± 1.3 a
5.2 ± 1.1 a
3.2 0.6 a
0.9 ± 0.3 b
0.9 ± 0.3 b
0.3 ± 0.1 b
17.8
5,84
0.0001

Percent of newly
attacked shoots
with T. piniperda
43.9 ± 6.2 b
72.4 ± 6.3 ab
75.5 ± 8.6 ab
91.7± 8.3a
78.1 ± 12.9 ab
50.0 ± 28.9 ab
3.3
5,55
0.0112

aJune collections were made on 15 and 30 June, and similarly on 14 and 28 JUly, 12
and 25 August, 7 and 22 September, 4 and 18 October, and 1 and 16 November.
bMeans followed by the same letter (within columns) are not significantly different at
the p=0.05Ievel (Ryan-Einot-Gabriel-Welsch mean separation test).

less likely to move to new trees in late summer. The dramatically lower rate
of new attacks starting in mid-October was expected given that this period of
time coincides with the movement of adults to their overwintering sites in
the Great Lakes region (Haack et al. 1998).
The above results also have important implications for the use of foliar
insecticides to control T. piniperda. Currently, it is recommended that a cover
spray be applied to pine Christmas trees and nursery stock during mid-June
(McCullough and Sadof 1996, 1998, McCullough and Smitley 1995), which
coincides with the initiation of shoot-feeding by brood adults in the Great
Lakes region. However, given that T. piniperda adults move freely between
trees during June through August, consideration should be given to (a) the
treatment area, including both fields that will and will not be harvested dur
ing the year of spraying but which are in close proximity, and (b) the residual
activity ofthe insecticide being applied and the possible need for multiple ap
plications.
Given that live T. piniperda adults were found in shoots during every col
lection period from 8 April through 2 June, it is clear that no safe period ex
ists during spring when pine nursery stock can be shipped without inspec
tion and not risk spreading T. piniperda. That is, in areas infested with T.
piniperda, it is possible that any given live pine tree could harbor T.
piniperda adults throughout the entire year. For example, T. piniperda
adults could be found in shoots during summer, in their overwintering sites
at the base of pine trees in winter, and in either location during spring and
fall. Therefore, the behavior of the T. piniperda population that we monitored
in Michigan is very similar to the behavior documented in Finland (Salonen
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1973) and Sweden (Langstrom 1983) in that some parent adults shoot-fed in
spring prior to emergence of the new F 1 generation.
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TOMICUS PINIPERDA (COLEOPTERA: SCOlYTIDAE):
IS SHOOT-FEEDING REQUIRED FOR REPRODUCTIVE MATURATION?
Therese M. Poland and Robert A. Haack 1
ABSTRACT
The pine shoot beetle, Tomicus piniperda (Coleoptera: Scolytidae), is a
univoltine pest of pine in its native range of Europe and Asia. Tomicus
piniperda is now widely established in the Great Lakes region and poses a
potentially significant threat to other pine-producing areas in North Amer
ica. An unusual aspect of the life history of T. piniperda is the extended pe
riod of maturation-feeding that takes place in the shoots of living pine trees
and subsequent overwintering before adults reproduce the following year. We
investigated the extent to which shoot-feeding is required by newly-emerged
T. piniperda before introduction into Scotch pine (Pinus sylvestris) logs and
before any overwintering, in order for successful reproduction to occur. Tomi
cus piniperda F 1 adults successfully reproduced in pine logs in the laboratory
after either no shoot-feeding or after 2 to 10 weeks of shoot-feeding. Thus, it
is theoretically possible for T. piniperda to be multivoltine, yet it remains
univoltine.

The pine shoot beetle, Tomicus piniperda (L.) (Coleoptera: Scolytidae), is
a pest of pine, Pinus spp., in Europe, Asia, and parts of northern Mrica
(Langstrom and Hellqvist 1991, Ye 1997). Established populations of T.
piniperda in North America were first discovered in Ohio in 1992 (Haack et
al. 1997). As of January 2000, 271 counties in 11 U.S. states have been de
clared infested and quarantined, as well as 25 counties in Ontario, and 8
counties in Quebec, Canada (Figure 1). To date, T. piniperda has caused little
physical or aesthetic damage to Scotch pine trees growing in managed plan
tations or to pines in native stands in infested areas of North America al
though some Christmas tree plantations require intensive management to
keep the pest under control. Severe damage has been found in some unman
aged Scotch pine fields in New York State (Czokajlo et al. 1997) and in south
western Ontario (Czerwinski 1998). Because several species of North Ameri
can pines are suitable hosts for T. piniperda (Langstrom et al. 1995,
Lawrence and Haack 1995), it may pose a significant threat as it spreads
throughout North America.
Tomicus piniperda is univoltine throughout its native and North Ameri
can range (Uingstrom 1983). Overwintering adult beetles become active in
early spring when they fly in search of suitable brood material such as se
verely stressed or weakened pines, freshly killed pines, or recently cut trees,
stumps and slash. Host volatiles, including a-pinene, terpinolene, and (+ )-3

lUSDA Forest Service, North Central Research Station, 1407 S. Harrison Rd., Rm.
220, Michigan State University, East Lansing, MI 48823.
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Figure L Known range of Tomicus piniperda in North American as of Janu
ary 2000. (Sources: United States Department of Agriculture Animal and
Plant Health Inspection Service and Canadian Food Inspection Agency.)
State abbreviations are: IL Illinois, IN = Indiana, MD = Maryland, MI
Michigan, NH = New Hampshire, NY = New York, OH = Ohio, PA = Pennsyl
vania, VT Vermont, WI = Wisconsin, and WV = West Virginia.

carene are important in mediating attraction to suitable breeding material
(Schroeder and Eidmann 1987). Recent studies suggest that pheromones
may also be involved in locating brood material (Czokajlo 1998). Brood adults
emerge in early summer and feed in the shoots of healthy pine trees through
out the summer to complete sexual maturation. In colder areas of T.
piniperda's range, when temperatures cool in autumn, beetles move down
the trunk into the bark at the base of trees in which they have shoot-fed to
overwinter.
Ecologically, T. piniperda differs from most other scolytids because of its
unique behavior of post-emergence maturation-feeding inside live shoots of
healthy pine trees after the beetles emerge from the brood host and before
they enter future breeding material (U'mgstrom 1983). Although some
scolytid species may fly from the brood host to complete maturation-feeding
as adults on a living host [e.g., Scolytus multistriatus (Marsham) (Solomon
1995)], most bark beetles are able to breed immediately upon emergence as
adults or else they complete maturation-feeding within the brood host after
pupating but before they emerge. Some scolytid species may feed on a living
host following emergence only when suitable brood material is not immedi
ately available (Wood 1982).
The development time of T. piniperda is relatively short and callow
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adults (F 1 adults) emerge in early summer, however adults do not breed until
the following spring. Thus this species remains univoltine even though there
seems to be adequate time to complete a second generation. This raises the
question as to whether T. piniperda has the potential to become multivoltine,
especially in warmer climates. When T. piniperda
adults emerge, their re
productive organs are rudimentary, but then mature through the summer as
adults undergo maturation-feeding (Langstrom 1983). Salonen (1973)
demonstrated that newly-emerged T. piniperda Fl adults were able to breed
successfully after feeding on pine shoots in a jar for 3-4 weeks (i.e., without
undergoing winter diapause). The amount of maturation feeding on shoots
that is required, if any, for successful reproduction to occur is unknown.
Therefore, we investigated if shoot-feeding was required by T. piniperda be
fore introduction of the beetles into fresh brood material in order for vi.able
egg production to occur.
MATERIALS AND METHODS
Rearing bolts were made from a healthy Scotch pine tree that was felled
on 25 June 1997 at the Michigan State University Kellogg Forest, Kalama
zoo County, Michigan. The tree trunk was cut into bolts approximately 60 cm
long and 15 to 25 cm in diameter. The cut ends of the bolts were sealed with
melted paraffin wax to prevent desiccation, and the bolts were stored in the
laboratory until used. To determine initiation of natural emergence of Fl
adults, infested Scotch pine logs, which had been naturally attacked by T.
piniperda in early spring of 1997, were held outdoors in emergence cages at
ambient temperatures at the Kellogg Forest and checked daily beginning on
9 June. Newly emerged F 1 adults, which had no opportunity to shoot-feed,
were collected from the emergence cages. Every two weeks after the initia
tion of Fl adult emergence until 4 September, 50 freshly colonized Scotch
pine shoots were collected from a Christmas tree plantation in Ingham
County, Michigan. T. piniperda adults were excised from these shoots and
sexed according to Bakke (1968). Males and females collected from the out
door emergence cages and from the four biweekly shoot collections were held
separately in glass jars with moist tissue paper for up to 48 hours at room
temperature before being introduced into the Scotch pine bolts in the labora
tory. For each collection period, 20 females were introduced individually into
pre-formed holes (4mm deep, 10 mm in diameter) spaced 15 cm apart on two
bolts and confined with gelatin capsules. After 24 hours, one male was added
to each gallery with an actively boring female and then the gelatin capsules
were repositioned. Infested bolts were held separately in cardboard emer
gence tubes in the laboratory. The temperature in the laboratory varied be
tween 24°C and 30°C throughout the duration of the experiment. At weekly
intervals following inoculation, two galleries from each collection period were
dissected, one from each bolt. Galleries were sampled until the presence of
progeny was noted, after which remaining galleries were left undisturbed so
larvae could complete development. When callow F 2 adults began to emerge,
all remaining galleries were dissected.
RESULTS AND DISCUSSION
Successful reproducti.on occurred in all experimental treatments, even for
callow F 1 adults that had not shoot-fed (Table 1). Overall, the time required

I>.)

Table 1. Number of successful Tomicus piniperda. galleries with progeny in Scotch
logs that were artificially infested in the labo
then dissected at 2-week intervals.
ratory with F 1 adults that had completed 0 to 10 weeks of shoot-feeding in 1997
Date of
Number
female
of weeks
introduction of shoot
in 1997
feeding

Percent of
galleries
producing
brood *

July 7

July 22

Aug 8

Aug 25

Aug 30

Sept 5

June 27

0--"*

36%

0/2

0/2

112

111

1/1

1/3

July 10

2

62%

0/2

1/2

2 2

1997 Dissection date (Number of galleries with progeny I Number of galleries dissected)
Sept 12 Sept 20

Oct 3 Oct 28

1m
G)
;;u

m

~
);:

1/1

1/1

A

5/8

m

V>

m

July 24

4

36%

Aug 22

8

33%

Sept 4

10

35%

0/2

Z

2/5

2/4

0/2

0/2

(3

1/2
0/2

4/9

2/2

3/10

*The number represents the percent of all galleries with brood from the periodic dissections and from the final log dissections at the
end of the experiment. N=20 galleries per date of female introduction.
**These Fl adults were reared from field-collected pine logs and then placed on rearing logs without any shoot-feeding

~
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~
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for complete development ofF 2 callow adults was similar (8-9 weeks) regard
less of the amount of shoot-feeding before introduction of F 1 adults into the
Scotch pine bolts. Larvae were first observed six weeks after introduction of
the Fl adults that had not shoot-fed compared with only four weeks for the
Fl adults that had shoot-feeding experience. Fl adults that had not shoot-fed
may have required a longer period of time to tunnel and complete some mat
uration feeding in the logs before becoming sexually mature. On the other
hand, this apparent two-week delay may have been an artifact of the sam
pling procedure given that only two galleries per treatment were sampled
each week, and that development times to the F2 callow adult stage were
similar regardless of the amount of shoot-feeding by the F 1 adults (Table 1).
It is possible that some of the adults collected from shoots in the field
could have been parent adults and not Fl adults. Mter shoot-feeding for 2 or
more weeks, newly emerged adults change from light to dark brown making
it impossible to distinguish them morphologically from parent adults. In
Scandinavia, Umgstrom (1983) and Salonen (1973) reported that some T
piniperda parent adults shoot-feed immediately after overwintering and then
look for breeding sites, while others first breed and then shoot-feed before
starting their next egg gallery. Moreover, Langstrom (1983) found T
piniperda parent adults, especially females, shoot-feeding during the sum
mer and fall. Nevertheless, we believe that the majority of T piniperda
adults that we collected from shoots during the summer were Fl adults,
given that abundant brood material was available for parent adults to colo
nize. Moreover, the percent of Fl adults that had not shoot-fed yet produced
viable brood (36%, Table 1) was similar to the percent of adults that pro
duced brood after 2-10 weeks of shoot-feeding (33-56%).
Therefore, since we are certain that only light-brown F 1 callow adults
were used in the first introductions in June, we are confident in reporting
that T piniperda can reproduce without shoot-feeding. Furthermore, we
were able to repeat this observation in 1998 (Poland and Haack, unpubl.
data). Thus, T piniperda is capable of producing viable eggs soon after they
begin to feed in suitable brood material without completing any post
emergence shoot-feeding and without overwintering. Therefore, it is theoreti
cally possible that T piniperda could develop a multivoltine life history. Simi
larly, Salonen (1973) concluded that it was theoretically possible for T
piniperda to complete two generations per year given three weeks of shoot
feeding for sexual maturation between generations. However, the occurrence
of a second generation in nature has not been recorded even in the warmer
areas of T piniperda's range (e.g., the Mediterranean area and southern
China). Rather, as the growing season lengthens, T piniperda extends the
period of shoot-feeding.
Post-emergence maturation-feeding in living hosts has been observed in
only a few scolytid species but not studied in detail, including the elm bark
beetles, Hylurgopinus rufipes Eichhoff and Scolytus multistriatus, (Solomon
1995), the peach bark beetle, Phloeotribus liminaris (Harris) (Bright 1976),
the European oak bark beetle, Scolytus intricatus (Ratzeburg) (Yates 1984),
and several Phloeosinus spp. which attack many species of conifers (Bright
1976, Wood 1982).
The amount of intermediate-feeding required for reproductive matura
tion by these scolytids has not been studied in detail. However, Norris (1961)
was able to rear S. multistriatus continuously in the laboratory without any
twig-feeding or diapausing. Similarly, newly emerged S. intricatus adults
were able to reproduce when placed directly on freshly cut logs (Doganlar
and Schopf 1984, Habermann and Schopf 1987). Therefore, there is evidence
that successful reproduction is possible immediately after emergence of new
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adults for other scolytids that ordinarily undergo some post-emergence matu
ration-feeding.
The post-emergence maturation-feeding in
hosts is responsible for
the pest status of T. piniperda as a forest pest, as
original brood host is
often dead by the time the brood adults mature. For instance, it is the shoot
feeding damage by T. piniperda that has resulted in growth loss to Scotch
pine trees in Europe and in New York (Lfmgstrom and Hellqvist 1991,
Czokajlo et al. 1997). In southwestern China, extensive shoot-feeding weak
ened Yunnan pine trees, Pinus yunnanensis, so severely that they were sub
sequently used as brood material by T. piniperda. (Ye 1997). In addition, ex
tensive shoot-feeding damage by T. piniperda can lower the aesthetic quality
of Christmas trees and nursery stock and thereby decrease sales.
There may be several adaptive advantages to conducting maturation
feeding in an intermediate host rather than in the original brood host. First,
extensive shoot-feeding can weaken trees and thereby provide additional fu
ture breeding material. Second, by shoot-feeding, T. piniperda avoids ex
tended pre-emergence maturation-feeding under the bark and thus could
minimize intra- and interspecific competition for limited brood material.
Third, extended maturation feeding may be required to accumulate the stor
age reserves necessary to successfully overwinter. Finally, extensive matura
tion feeding may result in higher fecundity such that the fitness benefit of
maturation feeding would exceed the fitness cost of remaining univoltine.
Further research is required to investigate these and other possible hypothe
ses concerning the adaptive advantages of extensive maturation feeding.
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ABUNDANCE OF CEREAL APHIDS (HOMOPTERA: APHIDIDAE)
AND THEIR PREDATORS IN SPRING WHEAT-ALFALFA INTERCROPS
UNDER DIFFERENT CROP MANAGEMENT INTENSITIES
Louis S. Hesler', Robert W. Kieckhefer 1 and Paul D. Evenson 2

ABSTRACT
Natural infestations of cereal aphids and abundance of their predators
were compared from 1990 through 1993 among plots of intercropped spring
wheat and alfalfa grown under high, intermediate, or low crop management
intensity (CMI). CMI treatments differed in the amount of nitrogen fertilizer
applied and herbicide used and in the rigor of tillage operations. Cereal
aphids (primarily Rhopalosiphum padi, Sitobion avenae, and Schizaphis
graminum) collectively infested a mean of 0 to 5.9 of 15 wheat tillers sam
pled per plot on various dates from 1990 through 1993, but aphid infestation
did not vary by CM!. Seven taxa of aphid predators predominated: Nabis
spp., Chrysoperla spp., Coleomegilla maculata, Hippodamia convergens, H.
tredecimpunctata tibialis, H. parenthesis, and Coccinella septempunctata.
Coccinella transversoguttata richardsoni, a species in decline in eastern
South Dakota, was not collected. Nabids were generally the most abundant
predatory taxon. In 1992, coccinellid adults were more abundant in high
than low CMI plots. In 1993, H. tredecimpunctata tibialis adults were signifi
cantly more abundant in high CMI plots on the first three sampling dates
but became more abundant in the low and intermediate CMI plots by the
fifth sampling date. Regressions between the number of aphid-infested tillers
and abundance of some predator taxa were significant in 1990, 1991, and
1992. In 1990, most regressions showed that counts of predators (except
ChrysoperZa spp. adults) were inversely proportional to aphid infestation lev
els, whereas signifi.cant regressions in 1991 and 1992 showed that the abun
dances of predators were weakly proportional to aphid infestation levels. Ad
justed r2 values for all significant regressions ranged from 0.07 to 0.27.
Relationships between crop management, cereal aphid infestation, and aphi
dophagous predators are discussed.

Both spring wheat (Triticum aestivum), an annual row crop, and alfalfa
(Medicago sativa), a perennial forage crop, are widely grown in the northern
Great Plains of the US. In eastern South Dakota, southeastern North
Dakota, and western Minnesota, the two are often intercropped for one sea
son so that a harvestable crop of wheat is produced while alfalfa becomes es
tablished. Spring wheat is harvested in the summer, and alfalfa is main

lNorthern Grain Insects Research Laboratory, USDA-ARS, 2923 Medary Ave.,
Brookings, SD 57006-940.
2Plant Science Department, South Dakota State University, Brookings, SD 57007.
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tained for the remainder of the season and usually an additional one to three
years.
Spring wheat-alfalfa intercrops are produced under various cropping sys
tems that differ in the kinds and intensity of individual crop management
practices. Crop management practices commonly include nitrogen (N) fertil
izer application(s) to increase grain yield of wheat, post-emergent herbicide
applications (particularly for broadleaf weeds), and tillage for seedbed prepa
ration and additional weed controL Intensity of these practices can vary ac
cording to the amount, frequency, or degree to which they are used in a par
ticular crop management system. Also, spring wheat and alfalfa are often
part of cropping systems that include rotation with corn and soybeans.
Some cropping practices are directed specifically toward the management
of arthropod pests of spring wheat, e.g., cereal aphids (Homoptera: Aphidi
dae). Four species of aphids commonly infest cereal crops in the northern
plains: bird cherry-oat aphid (Rhopalosiphum padi [L.]), corn leaf aphid CR.
maidis [Fitch]), greenbug (Schizaphis graminum [Rondani]), and English
grain aphid (Sitobion avenae [F.]) (Kieckhefer 1975). Cereal aphids (except R.
maidis) infest and reproduce on spring wheat in the Dakotas and Minnesota
from the seedling through dough stages (Wadley 1931, Kieckhefer 1975,
Kieckhefer and Gellner 1988, Voss et al. 1997, Boeve and Weiss 1998). Insec
ticide application is sometimes necessary to prevent economic loss from ce
real aphids CKieckhefer and Kantack 1980). Aphid pests of alfalfa, however,
occur at very low population levels and are not problematic during the estab
lishment year in intercropped spring wheat-alfalfa in the eastern Dakotas
and western Minnesota.
A rich fauna of aphidophagous insects inhabit spring wheat and alfalfa
fields in eastern South Dakota (Elliott and Kieckhefer 1990a, b; Kieckhefer
et al. 1992). Several species of aphidophagous insects, especially coccinellids,
are significant predators of cereal aphids (Rice and Wilde 1988). Both adult
and immature stages of these predators are found in alfalfa and wheat fields
in South Dakota (Elliott and Kieckhefer 1990a, Kieckhefer and Miller 1967).
Arthropod management, however, is usually of secondary concern in
spring wheat-alfalfa intercrops in the Dakotas and western Minnesota, and
crop management practices are driven more by fertility and weed control
considerations. Nonetheless, crop management practices used for improving
fertility or weed control may inadvertently affect insect population levels.
For instance, the use of N fertilizer may influence insect pest levels on
plants, as the growth rate and fecundity of phytophagous insects is often
greater on plants with high N content (Daniels 1957, van Emden 1966, Mc
Neill and Southwood 1978, Mattson 1980). In contrast, however, the effect of
N fertilization on aphid predators has not been well studied.
Herbicides may also affect insect population levels. Rautapaa (1972)
tested several herbicides individually against S. avenae in the laboratory and
found that dinoseb was toxic. Some herbicides used in small grain production
are acutely toxic in the laboratory to R. padi and one of their predators, the
seven-spotted ladybird beetle (Coccinella septempunctata L.) (Neil et al.
1997). In the field, cereal aphids are more abundant in small grain fields
treated with herbicide, as predator levels diminish following treatment
(Adams and Drew 1965, 1969; Vickerman 1974). However, Powell et aI.
(1986) found no effect of herbicides on population levels of cereal aphids in
winter wheat.
Such studies show that individual crop management practices can affect
insect pest populations, but the effects on insect pests are largely unknown
for cropping systems that use various combinations or intensities of crop
management practices. Zhou and Carter (1991) studied cereal aphid popula
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tion development among wheat plots that varied in the amounts of N fertil
izer and fungicide applied. They found that N fertilizer applications had no
consistent effect on aphid populations and that fungicides had no effect on
them.
Studies have not been performed in the eastern Dakotas and western
Minnesota in regard to the effects of different crop management practices on
insect population levels in intercropped spring wheat and alfalfa. Our goals
were to characterize population levels of cereal aphids and their predators in
spring wheat-alfalfa plantings in eastern South Dakota and test for differ
ences in abundance under high, intermediate, and low crop management in
tensity.
MATERIALS AND METHODS
The study was conducted at the Eastern South Dakota Soil and Water
Research Farm, about 1.5 mi N of Brookings, South Dakota, USA, from 1990
through 1993. Soil there consists of a Barnes clay loam (fme-Ioamy mixed
Udic Haploboroll) on nearly level topography. Land on the farm has been in
crop production for several decades. Prior to the establishment of our plots in
1990, land was planted to soybeans in 1988 and spring wheat in 1989.
Pendimethalin and bentazon herbicides were applied at labeled rates once
each in 1988. The herbicide MCPA amine (dimethylamine salt of 2-methyl-4
chlorophenoxyacetic acid) and a mixture of the herbicides glyphosate and 2,
4-dichlorophenoxyacetic acid were applied at labeled rates once each in 1989.
The spring wheat also received 258 kglha of 36-17-0 (N-P-K) fertilizer at
planting.
A four-crop rotation with variable crop management intensities (CM!)
was established in 1990. The rotations consisted of annual crops of corn, soy
beans, and a spring wheat-alfalfa interplanting, with the alfalfa crop contin
uing an additional year. Hard red spring wheat and alfalfa ('Coyote 990: 12
kglha) were planted simultaneously in 17.6-cm rows using a 16-row John
Deere® 750 drill. 'Guard' spring wheat (104 kglha) was planted on 26 April, 4
April, and 7 April in 1990, 1991, and 1992, respectively; 'Butte' spring wheat
(118 kglhal was planted on 20 April 1993. Wheat was harvested in August
each year. Each crop was grown in 30.5 by 30.5-m plots under one of three
levels of CMI (i.e., high, intermediate and low). Plots were arranged in a ran
domized block design, and each crop-CMI combination was replicated three
times per year. Each block represented a replication.
The levels of CMI differed in the amounts and placement of agrichemical
inputs (Table 1) and in the intensity of tillage operations. All agrichemicals
were applied before 1 June to high and intermediate CMI treatments in
spring wheat-alfalfa. High intensity plots were characterized by soil test
based rates of N-fertilizer application designed to achieve high yield goals,
specifically 3.0 Mglha in wheat, and by pre- and post-emergent herbicides
broadcast over plots at labeled rates. High CMI corn plots preceding spring
wheat-alfalfa received insecticides for control of corn rootworms (Diabrotica
spp.). Tillage in high CMI plots consisted of fall moldboard plowing, spring
disking, and two spring field cultivations of corn.
Intermediate CMI plots used half the rate of fertilizer applied to the high
CMI plots. Herbicides were broadcast in spring wheat-alfalfa plots and
banded along rows of preceding corn and soybean crops. No insecticides were
applied to intermediate CMI corn plots. Intermediate CMI plots received fall
moldboard plowing in 1989 and 1991 and fall chisel plowing in 1990 and
1992. Spring disking and two field cultivations of corn occurred each year.

Table 1. Agrichemical use in high and intermediate crop management intensity (CMI) treatments in spring wheat-alfalfa intercrops
and preceding crops, 1990-1993, Brookings, SD.

i'--l

0

Fertilizer (N-P-K, method), kg/ha
Year

Crop

1990 Wheat-alfalfa
Soybeans

Corn

Alfalfa
1991 Wheat-alfalfa
Soybeans
Corn

High CMI

Intermediate CMI

99 (46-0-0 planting)
96 (13-33-13 planting)

50 (46-0-0 planting)
53 (13-33-13 planting)

112 (13-33-13
224 (46-0-0

53 (13-33-13 planting)
112 (46-0-0 sidedress)

69 (0-45-0 planting)

35 (0-45-0 planting)

116 (46-0-0 planting)
112 (13-33-13 planting)

58 (46-0-0 planting)
53 (13-33-13 planting)

112 (13-33-13 planting)
139 (46-0-0 sidedress)

53 (13-33-13 planting)
70 (46-0-0 sidedress)

MCPA (post, broad) 0.6
alachlor (post, broad) 2.2;
metribuzin (pre, broad) 0.6;
bentazon (post, broad) 1.1;
acifluorfen (post, broad) 1.5
alachlor (pre, broad) 4.5
cyanazine(pre, broad)
(post, broad)
terbufos (planting, band)
bromoxynil (post, broad) 0.4

MCPA (post, broad) 0.6
alachlor (post, broad) 2.2;
metribuzin (pre, band) 0.6;
bentazon (post, band)
acifluorfen (post, band)
alacblor (pre, band) 4.5
cyanazine (pre, band) 1.1;
bentazon (post, band) 1.1

MCPA (post, broad) 0.6
alacblor (post, broad) 2.1;
metribuzin (pre, broad) 0.6;
bentazon (post, broad) 1.1
alachlor (pre, broad) 4.5
cyanazine (pre, broad) 2.3;
bromoxynil (post, broad) 0.6;
fonofos (pre, band) 10.0

MCPA (post, broad) 0.6
alachlor (post, broad) 2.1;
metribuzin (pre, band) 0.6;
bentazon (post, band) 1.1
alachlor (pre, band) 4.5
cyanazine (pre, band) 2.3;
bromoxynil (post, broad) 0.6
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bromoxynil (post, broad) 0.4
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1992 Wheat-alfalfa
Soybeans

116 (46-0-0 planting)
112 (13-33-13 planting)

58 (46-0-0 planting)
53 (13-33-13 planting)

MCPA (post, broad) 0.6
alachlor (post, broad) 2.1;
bentazon (post, broad) 1.1

MCPA (post, broad) 0.6
alachlor (post, broad)
bentazon (post, band)

-l

1993

103 (46-0-0 planting)

51 (46-0-0 planting)

MCPA (post, broad) 0.6

MCPA (post, broad) 0.6

~

Wheat-alfalfa

Planting, applied on or near date of planting; pre, preemergence application; post, post-emergence application; broad, broadcast appli
cation; band, banded application along crop row.

w
w
Z
9
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Table 2. Dates of sampling for cereal aphids and their predators in spring wheat-al
falfa intercrop plots, Brookings, SD.
Year

Sampling date

Developmental stage of wheat, Zadoks a scale

1990

13 June
20 June
26 June
5 July
12 July
11 June
18 June
27 June
2 June
10 June
22 June
8 July
20 July
11 June
28 June
9 July
16 July
29 July

booting, 40-49
heading, 50-59
anthesis, 60-69
watery milk, 71-73
late milk, 75-77
heading, 50-59
late anthesis to watery dough, 65-71
milk to soft dough, 75-85
tillering, 20-24
booting, 41-49
anthesis, 60-69
milk,70-77
soft dough, 83--87
late tillering, 23-24
heading, 50-59
milk, 73-77
soft dough, 83-87
hard dough, 87

-------

1991
1992

1993

Zadoks et al. (1974)

The low intensity cropping system used no fertilizer or herbicide. How
ever, low intensity corn and soybean plots were hand-weeded. Low intensity
plots received fall chisel plowing each year and spring disking, and two field
cultivations of corn.
Sampling. Cereal aphids were sampled from three to five times each
year in June and July. Specific sampling dates and growth stages of the
spring wheat (Zadoks et al. 1974) are given in Table 2. Samples consisted of
five randomly selected groups of three consecutive tillers (15 total) per plot,
and the number of aphid-infested tillers per plot was recorded. Sampling oc
curred midday between 0945 and 1515 h, with temperatures between 20 and
33°C. Population parameters of cereal aphids in the northern plains are sim
ilar, and counts of individual species can be pooled (Elliott et aL 1990). An
empirical relationship exists between the average number of cereal aphids
per tiller and the proportion of tillers infested with cereal aphids (Elliott et
aL 1990, Hein et al. 1995). Thus, the percentage of infested tillers provides
an estimate of overall cereal aphid density in wheat fields. We recorded the
species of cereal aphids seen in the field each sampling date, but did not
count aphids by species.
Aphidophagous insects were sampled in the spring wheat-alfalfa plots on
the same dates as cereal aphids (Table 2). Samples consisted of 60 pendular
sweeps with a 3S-cm diam. sweep net along two transects in each plot (30
sweeps per transect). Sweep netting in alfalfa and small grain fields in South
Dakota collects both adult and immature stages of many aphidophagous in
sects (Kieckhefer et al. 1992). Insects collected along each transect were
treated with chloroform in the net, transferred to containers, and taken to
the laboratory. There, aphidophagous insects were identified to genus or
species, and the number collected per sample within individual treatment
plots was recorded.
Statistical analyses. The number of aphid-infested tillers per plot and

22

THE GREAT lAKES ENTOMOLOGIST

Vol. 33, No.1

Table 3. F values from repeated measures analysis of the number of cereal aphid-in
fested tillers in spring wheat-alfalfa intercrop plots, Brookings, SO.
Source of variation
Year

SO (dt)

CM! (dt)

SO x CMI (dt)

1990
1991
1992
1993

54.93* (4, 24)
2.64 (2, 12)
11.85* (4,24)
1.82 (4, 24)

6.08 (2, 4)
0.51 (2, 4)
0.35 (2, 4)
1.47 (2,4)

1.94 (8, 24)
0.36 (4,12)
2.12 (8, 24)
0.97 (8,24)

Asterisks indicate statistical significance (P < 0.05).

the numbers of predators per plot were each analyzed using a repeated mea
sures analysis (PROC MIXED, Littell et a1. 1996), with CMI and sampling
date as non-random independent variables. A spatial covariance model was
used in the analyses, because sampling dates were unequally spaced. A sepa
rate analysis was performed on each year's data, as the number and timing
of sampling dates differed among years (Table 2). Treatment means were
separated by using the LSMEANS option (Littell et al. 1996). For predators,
analyses were limited to taxa whose means were> 0.2 individuals (per life
stage) collected across all sampling dates and treatments per year. Univari
ate linear regression models were tested to describe the relationship between
the number of aphid-infested tillers (independent variable) and the abun
dance of predators (dependent variable) within each year (PROC REG, SAS
Institute 1988).
RESULTS
Cereal aphids. The number of aphid-infested tillers differed by sam
pling date in 1990 and 1992, but this measure did not vary by CMI in any
year (Table 3). The number of aphid-infested tillers declined sharply in 1990,
but showed bi-modal peaks in 1992 (Fig. 1). In 1991 and 1993, the mean
numbers (± SE) of infested tillers (out of 15 sampled) per plot across CMI
treatments and sampling dates were 0.9 (± 0.2) and 0.4 (± 0.1), respectively
(n = 3). The mean number of aphid-infested tillers ranged from a high of 5.9
(± 0.5) in plots in June 1990 to as low as 0 on several sampling dates in other
years (n = 9). Tillers were infested mainly with R. padi, S. graminum, S. ave
nae, and a very few R. maidis early each season.
Aphidophagous insects. Seven aphidophagous insect taxa predomi
nated in our samples from intercropped spring wheat-alfalfa plots (Table 4):
nabids (Nabis spp.); chrysopids (Chrysoperla spp.); and coccinellids, i.e.,
Coleomegilla maculata (DeGeer), Hippodamia convergens Guerin-Meneville,
H. tredecimpunctata tibialis (Say), H. parenthesis (Say), and Coccinella
septempunctata. Both adults and immature stages were collected. These
seven taxa are the most common aphidophagous insects in small grain fields
and alfalfa fields in eastern South Dakota (Elliott and Kieckhefer 1990a,
1990b; Kieckhefer et a1. 1992).
Nabids were the most abundant taxon that we collected, except in 1992
when their abundance was slightly less than the combined mean for all coc
cinellid species (Table 4). Nabids are abundant in spring grain fields in South
Dakota (Kieckhefer and Miller 1967), and they are the most abundant insect
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Fig. 1. Mean number of aphid-infested wheat tillers out of 15 sampled per
spring wheat-alfalfa plot on 5 dates each in 1990 and 1992 (n 9 per date).
Error bars omitted for sake of clarity.

predator taken in sweep net samples of alfalfa fields in eastern South Dakota
(Elliott and Kieckhefer 1990a).
Each year, the numbers of chrysopid larvae were consistently greater
than or equal to the number of chrysopid adults (Table 4). For all other aphi
dophagous taxa, the numbers of adults were always greater than or equal to
the number of immatures within a taxon. Varying efficiencies in collecting
the life stages of each taxa may have led to these differences. In a 13-year
study of alfalfa fields in eastern South Dakota, Elliott and Kieckhefer
(1990a) found that chrysopid larvae were more abundant in sweep net sam
ples than adults, and they felt this trend indicated that conditions in alfalfa
fields were very conducive to chrysopid reproduction.
The abundance of individual species of coccinellids varied considerably
among years (Table 4). Coleomegilla maculata was the most abundant coc
cinellid in 1991 and 1992. However, C. maculata is usually not the dominant
coccinellid in small grain fields in eastern South Dakota (Elliott and Kieck
hefer 1990a, 1990b; Kieckhefer et al. 1992). Thus, it was unexpected for it to
be dominant (1991) or co-dominant (1992) in two of four years. Only 2 adult
Hippodamia convergens were collected in 1993. H. convergens is a dominant
coccinellid in alfalfa and small grain fields in eastern South Dakota, but
years of low abundance have been recorded (Elliott and Kieckhefer 1990a,
1990b; Kieckhefer et al. 1992). Five Cycloneda munda (Say) adults were col
lected in 1992, whereas this species was absent in other years. C. munda is
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Table 4. Mean ± SE aphidophagous insects collected per 60 sweeps in spring wheatalfalfa intercrop plots, Brookings, SD.
Year (number
Taxon

Life stage

Nabis spp.
nymph
Chrysoperla spp.
adult
larva
Coccinella septempunctata
adult
larva
Coleomegilla maculata
adult
larva
Hippodamia convergens
adult
larva
Hippodamia parenthesis
adult
larva
Hippodamia tredecimpunctata adult
larva

dates within

1990 (5)

1991 (3)

1992 (5)

1993 (5)

7.9 ± 1.5
0.2 ± 0.1
0.6 ± 0.1
1.0 ± 0.2
2.1 ± 0.4
2.4 ± 0.8
0.1 ± 0.0
0.2 ± 0.1
0.3 ± 0.1
0.1 0.0
0.9 ± 0.2
0.0
0.4 ± 0.1
0.2 0.1

9.8 ±
1.8 ±
0.8 ±
1.9 ±
0.1 ±
0.3 ±
5.3 ±
3.5 ±
0.8 ±
0.9 ±
0.2 ±
0.3 ±
0.6
1.0 ±

1.5
0.4
0.2
0.4
0.1
0.1
1.0
0.5
0.2
0.1
0.1
0.2
0.1
0.3

2.4 ± 0.6
0.1 ± 0.1
0.4 ± 0.1
0.5 ± 0.2
0.1 ± 0.1
0.0
1.2 ± 0.2
0.2 ± 0.1
0.9 ± 0.2
0.0
1.2 ± 0.2
0.1 0.1
0.1 ± 0.1
0.0

5.1 ± 0.6
3.8 ± 1.1
0.6 ± 0.1
2.8 ± 0.6
0.2 ± 0.1
0.0
0.9 ± 0.2
1.2 ± 0.3
O.Oa
0.0
1.1 ± 0.2
0.1 ± 0.0
1.0 ± 0.2
0.1 ± 0.0

Means (± SE) based on 9 plots per sampling date.
Two individuals collected across all sampling dates and treatments.

a

rarely captured in alfalfa and small grain fields in eastern South Dakota (El
liott and Kieckhefer 1990a, Kieckhefer et al. 1992). Coccinella tmnsversogut
tata richardsoni Brown was not collected in our study. Its numbers have de
clined in agricultural fields in South Dakota since the introduction of C.
septempunctata (Elliott et al. 1996).
Repeated Measures Analyses. Sampling date often affected the abun
dance of various taxa, but CMI and the sampling date-by-CMI interaction
were seldom significant (Table 5). The frequent statistical significance of
sampling date was expected, as the taxa we collected (in their different life
stages) vary in abundance throughout the season in small grain and alfalfa
fields (Kieckhefer and Miller 1967, Elliott and Kieckhefer 1990a, Elliott et aL
1991).
CMI affected coccinellid abundance in 1992. Coccinellids that year were
more abundant in the high eMI plots (3.9 ± 0.9) than in the low eMI plots
(1.3 ± 0.4). Abundance of coccinellids in the intermediate plots (2.9 0.7) did
not differ from that in either the high or low CMI plots.
Abundance of chrysopid larvae in 1992 and 1993 and abundance of coc
cinellid larvae in 1992 varied by sampling date and the sampling date-by
CMI interaction. No chrysopid and coccinellid larvae were collected on the
first three sampling dates in 1992, and after excluding these dates from the
analyses, none of the treatment factors or interactions were significant (P >
0.05) for chrysopids (sampling date: F = 4.50, df = 1, 6; eMI: F = 5.37, df = 2,
4; interaction: F 0.37, df = 2, 6) or coccinellids (sampling date: F = 4.50,
df = 1, 6; eMI: F '" 0.30, df == 2, 4; interaction: F = 4.87, df = 2, 6). In 1993, no
chrysopid larvae were collected on the first two sampling dates. After exclud
ing these dates from analysis, sampling date (F = 24.83, df 2, 12) and the
interaction (F = 3.51, df 4, 12) were still significant (P < 0.05), but not eMI
(F = 4.43, df = 2, 4; P > 0.05). The number of chrysopid larvae peaked on the
second (non-zero) sampling date in all eMI treatments, and the significant
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sampling date-by-CMI interaction reflects the sharper peaks in the high and
intermediate CM! treatments than in the low treatment (Fig. 2).
In 1992, the sampling date-by-CMI interaction was significant for H. con
uergens larvae. Although only 0 to 3 H. conuergens larvae were collected per
plot on each sampling date, the interaction reflects considerable fluctuation
in the number of H. conuergens larvae collected per CMI treatment over the
five sampling dates.
In 1993, abundance of H. tredecimpunctata tibialis adults was affected by
CMI, sampling date, and their interaction. Adults were more abundant in
high than intermediate or low CMI plots on the first three sampling dates,
did not differ in abundance among CMI treatments on the fourth sampling
date, and were less abundant in high CMI plots on the last sampling date
(Table 6).
Regressions. Regressions between the number of aphid-infested tillers
and counts of some predator taxa were significant in 1990, 1991 and 1992,
but not 1993 (Table 7). In 1990, most significant regressions (except for
chrysopid adults) showed a weak (r2 ;5 0.27), inverse relation between aphid
infested tillers and predator abundance. This relationship reflected a sharp
concomitant decline in the number of aphid-infested tillers after the first
sampling date and an increase in the abundance of most predators over the
sampling period. Only the abundance of chrysopid adults showed a positive,
albeit weak, relation to the number of aphid-infested tillers.
In 1991, H. tredecimpunctata tibialis larvae showed a weak but positive
relation to the number of aphid-infested tillers. In 1992, the numbers of
nabid adults, chrysopid larvae, and H. conuergens adults each showed weak
but positive relationships to the number of aphid-infested tillers.
DISCUSSION
Aphid infestation of spring wheat-alfalfa intercroppings was due to the
same species (Le., R. padi, S. graminum, S. auenae, and to a minor extent R.
maidis) that colonize monocultures of small grains in North and South
Dakota (Kieckhefer 1975, Boeve and Weiss 1998). Infestation levels of cereal
aphids in our study were generally light, varied among sampling dates, and
showed different trends among years. These findings are consistent with the
results of other studies of cereal aphids in small grain fields of the Dakotas
and western Minnesota (Wadley 1931, Kieckhefer 1975, Boeve and Weiss
1998).
CMI did not affect cereal aphid infestation levels in our study. Similar
studies have had mixed or contrasting results. For instance, Zhou and Carter
(1991) measured relatively low densities of cereal aphids (i.e., S. auenae and
Metopolophium dirhodum [Walker]) in winter wheat plots from May through
July, and they found that aphid densities were affected by N fertilizer treat
ments in one of two years. However, aphid population densities fluctuated
within N fertilizer treatments during that year, being greater in plots with
the highest N rates on two consecutive sampling dates, but then becoming
lowest in the high N plots by the following week.
In contrast, Daniels (1957) showed consistent increases in the numbers
of S. graminum in winter wheat due to N fertilization. On N-fertilized
plants, he found more S. graminum and greater foliage weights of wheat per
foot of row, but fewer S. graminum per gram of foliage. Specifically, the num
ber of S. graminum per row-foot increased by less than 30% on N-fertilized
treatments, whereas the number of S. graminum per gram of foliage de
creased by roughly 50% or more.

tv
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Table 5. F values of repeated measures analyses for the seven most abundant predatory taxa collected from spring wheat-alfalfa intercrop plots, 1990-1993.
1991

1990
SD
Cdf= 4, 24)

CMI
Cdf=2,4}

SDXCMI
(df= 8, 24)

SD
(df = 2, 12)

CMI
(df=2,4)

SDXCMI
Cdf = 4, 12)

adult
nymph

40.91*

0.63

1.71

68.25*
13.60*

1.59
0.16

2.34
0.49

I

adult
larva

1.61
22.77*

0.21
0.17

0.67
1.61

9.26*
9.46*

1.44
2.22

1.57
0.67

m

adult
larva

25.56*
11.02*

0.99
0.12

0.83
0.18

2.21

0.68

1.19

U>

17.00*
0.56

2.97
0.34

0.92
0.63

Z

1.01
0.64

2.11
1.45

0.97
3.91 *

0.93

1.4:3

0.53

Life stage

Taxon

Nabis spp.
spp.

Coccinclla septcmpunctata

_a

Coleomegilla maculata

adult
larva

Hippodarnia convergens

adult
larva

0.38

adult
larva

4.67*

Hippodamia tredecimpunctata

adult
larva

8.76*

0.23

1.97

3.25
4.49*

3.25
0.40

0.50
0.66

Coccinellidae b

adult
larva

25.70*
13.47*

0.33
0.15

0.96
0.27

15.32*
2.27

4.42
0.02

0.80
0.66

Hippodarnia parenthesis

1.50
0.15

0.57
1.28
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Table 5. F (Continued).

l'0

0
0
0

8D
(df = 4, 24)

1992
CM}
(df= 2, 4)

SDXCMI
(df=8,24)

SD
(df = 4, 24)

CMI
(df = 2, 4)

SDXCMI
(df= 24)

adult
nymph

23.91 *

1.65

0.61

9.29*
69.54*

0.27
0.62

1.63
1.35

Chrysoperla spp.

adult
larva

9.69*
11.10*

1.87
1.52

1.36
2.46*

1.86
34.05*

1.68
5.18

0.77
3.55*

Cocci nella septempunctata

adult
larva

Coleomegilla maculata

adult
larva

5.88*

5.58*

1.15

Hippodamia convergens

adult
larva

13.44*

3.93

1.83

adult
larva

2.81*

Taxon
Nabis spp.

Hippodamia parenthesis
Hippodamia tredecimpunctata
Coccinellidae b

Life

1993

:i
m
3.21
3.55

G'!

0.25
1.34

:>U

m

~

s;:
7'\

m

(j)

0.62

0.38

0.96

2.73

0.76

m

Z

-I

adult
larva
adult
larva

2.32
5.85*

12.10*

9.30*

5.44*

0

S

0
0
G'!

r

14.99*
6.63*

8.67*
0.18

1.49
2.71

5.72*
8.27*

2.15
2.33

0.82
1.20

Ui
-I

Asterisks indicate statistical significance (P < 0.05).
a Dashes indicate analyses not performed because means of ~ 0.2 individuals per taxon collected across all sampling dates and treat
ments.
b
of combined counts of Coleomegilla maculata, Hippodamia convergens, II. tredecimpunctata tibialis, H. parenthesis, and
septempunctata.
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Fig. 2. Mean number of chrysoperlid larvae collected on three sampling dates
in 1993 from spring wheat-alfalfa plots under high, intermediate, and low
crop management intensity (CMI, n 3 per sampling date). Bar represents
standard error of the least squares mean for the CMI-by-sampling date ef
feeL

CMI affected predator abundance in only two instances in our study. In
1990, when coccinellid abundance was greater in high CMI plots, cereal
aphid numbers were actually declining. Thus, coccinellids may have been re
sponding to levels of other prey items in the high CMI plots. The predators
we collected feed on many prey items besides cereal aphids such as insect
eggs, small insect larvae, mites, and alfalfa-infesting aphids (Hoffman and
Frodsham 1993).
In 1993, abundance of H. tredecimpunctata tibialis shifted during the
season, as adults were more abundant in high CMI plots on the first three
sampling dates, but were less abundant in high CMI plots on the last sam
pling date. Cereal aphid infestation levels were low throughout all sampling
dates that year, and H. tredecimpunctata tibialis adults may also have been
responding to shifts in other prey items between CMI plots.
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Table 6. Means ± SE of Hippodamia tredecimpunctata tibialis adults in spring wheat
alfalfa intercrop plots under different crop management intensities (CMI), Brookings,
SD,1993.
No. collected in 60 sweeps per plot (x ± SE, n = 9)
CMI
High
Intermediate
Low

June 11

June 28

3.7 ± 0.3a
2.3 ± 0.9b
1.0 ± O.Oc

LO ± 0.6a
O.Ob
O.Ob

9
3.7
0.3
0.5

±
±
±

16

0.7a
0.3b
0.5b

0.3 ± 0.3a
0.3 ± 0.3a
O.Oa

July 29
O.Oa
0.7 ± 0.3b
L7 ± 0.9b

Means (n = 9) within a column followed by the same letter do not differ significantly.

Our results also contrast with previous studies on predator abundance in
relation to weed controL Plots with low crop management intensity are gen
erally considered to favor predators through their lack of exogenous mortal
ity agents such as pesticides (Adams and Drew 1965, 1969; Neil et aL 1997)
and by providing more sources of alternate prey and supplementary food
such as weed pollen and nectar (Altieri and Whitcomb 1979). The only herbi
and intermediate eMI plots of spring wheat-alfalfa
cide application to
each year occurred
t one month before our sampling began. Predator
populations may have recovered from any negative effect of the herbicide, or
they may not have suffered any negative effect. Low eMI plots, which re
ceived no herbicide, were weedier, but, in a couple of instances, actually had
fewer predators than high and sometimes intermediate eMI plots.
Regressions between cereal aphids and their predators showed weak,
and in 1990, even inverse relationships. Similarly, in spring wheat fields of
eastern South Dakota, Elliott et aL (1991) did not find significant relation
ships between aphid infestation levels and the number of adult coccinellids
collected in sweep net samples, and Elliott et al. (1999) found a significant
regression only between cereal aphids and chrysopids. In our study, cereal
aphid levels were low and may have had relatively little influence on preda
tor abundance within plots. Generalist predators such as the nabids,
chrysoperlids, and coccinellids in our study may have responded more to

Table 7. Equations and adjusted r2 values for significant (P < 0.05) regressions be
tween the number of aphid-infested wheat tillers (x) and number of predators per
plot (Y).
Year
1990

1991
1992

Taxa
Nabis spp. nymphs
Chrysopid adults
Chrysopid larvae
Hippodamia tredecimpunctata adults
H. parenthesis adults
Coccinella septempunctata adults
Coccinellid adults
Hippodamia tredecimpunctata larvae
Nabis spp. adults
Chrysopid larvae
Hippodamia convergens adults

Regression equation

Adjusted r2

0.28 - 0,49x
0.36 + O.llx
1.60 - 0.2&'1:
0.58 0.10x
=1.33 0.23x
= 3.01 0,45x
= 5.12 0.71x
= 0.52 + 0.55x
= 1.22 + 0.68x
y = 0.15 + 0.23x
y 0.51 + 0.24x

0.09
0.09
0.19
0.13
0.16
0.18
0.27
0.20
0.09
0.16
0.07

y
y
y
Y
y
y
y
y
y

=
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other prey items in the intercrop plots. However, we did not measure levels
of alternate food items and, therefore, cannot estimate what effect these may
have had on predator abundance.
Additional studies are needed to more accurately determine factors that
influence the abundance of cereal aphids and aphidophagous predators in
spring wheat-alfalfa intercrops. Our study took a "systems approach" by
measuring aphid infestation levels and predator abundance across three crop
management intensities that broadly encompassed
amounts of fer
of tillage operations. Fu
tilizer and pesticide use and differences in the
ture studies may keep a similar scope of treatments but attempt to correlate
more variables (e.g., include alternate prey abundance), or studies may be re
duced in scope to focus on the effect of particular management practices (e.g.,
of studies are needed
effects of pesticide sprays). We believe that both
to improve understanding of relationships between crop management sys
tems, arthropod pests, and their predators.
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WHEAT STEM MAGGOT IN SPRING WHEAT-ALFALFA INTERCROPS
WITH DIFFERENT CROP MANAGEMENT INTENSITIES
Louis S. Hesler 1 and Robert W. Kieckhefer 1

ABSTRACT
Larval infestations and adult counts of wheat stem maggot (Meormyza
americana) were each compared among plots of intercropped spring wheat
and alfalfa grown under high, intermediate, or low crop management inten
sity (CMI). CMI varied primarily in the amounts of nitrogen fertilizer, herbi
cide, and tillage used. Infestation of wheat plants was measured from 1990
through 1993 as the percentage of white grain heads caused by larval feeding
within the stems. Adult counts were made from sweep net samples within
plots 3 to 5 times per year from 1991 through 1993. Larval infestation varied
among years but not by CMI. The mean percentages of white heads in 1991
(2.0%) was greater than in other years (each :s; 1.3%). Counts of adult M.
americana differed among sampling dates within years but not by CML The
number of adults collected was bimodal, peaking on the first and last sam
pling dates each year. The interpretation of our results is discussed in the
context of cropping systems research.

Wheat stem maggot (Meromyza americana Fitch) is an insect pest that
occasionally causes economic damage to spring wheat (Triticum aestivum L.)
in South Dakota (Gilbertson 1925, Kieckhefer and Morrill 1970). Adult M.
americana first appear in spring wheat fields in South Dakota from late May
to early June and deposit eggs on leaves near the stems of wheat plants
(Gilbertson 1925, Kieckhefer 1974). Larvae feed and tunnel within the stems,
resulting in sterile white heads among infested stems (Morrill 1995). Adults
emerge from stems in July, and second and partial third generations follow
(Gilbertson 1925).
M. americana is polyphagous, and the larvae may feed on many grassy
weed species in addition to small grain plants such as wheat, barley, and rye
(Gilbertson 1925, Morrill 1995). Thus, suppression of grassy weeds through
tillage and herbicides can aid in management of M. americana (Gilbertson
1925, Morrill 1995). Crop rotation also limits damage from M. americana in
small grain fields (Gilbertson 1925, Morrill 1995).
Spring wheat, an annual row crop, is sometimes intercropped with alfalfa
(Medicago sativa), a perennial forage crop, in eastern South Dakota and sur
rounding areas. Wheat produces a harvestable crop within one season. Al
falfa establishes during the first year and is maintained for an additional one
to three years. Spring wheat and alfalfa are often part of a larger crop rota
tion system that includes corn and soybeans in eastern South Dakota.

INorthern Grain Insects Research Laboratory, USDA-ARS, 2923 Medary Ave.,
Brookings, SD 57006-9410.
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Spring wheat-alfalfa intercrops may be produced in cropping systems
that vary in the kinds and intensity of crop management practices. Such
practices may include nitrogen (N) fertilizer application(s) to increase grain
yield of wheat; early season, post-emergent herbicide applications (particu
larly for broadleaf weeds); and tillage for seedbed preparation and additional
weed control. Individual crop management practices can vary in intensity by
the amount, frequency, or degree to which they are used within a particular
cropping system.
Some crop management practices used for improving fertility or weed
control may have inadvertent effects on populations of insect pests such as
M. americana. For instance, the use of N fertilizer generally increases the
growth rate and fecundity of phytophagous insects (van Emden 1966, Mc
Neill and Southwood 1978, Mattson 1980). Weed control may also affect in
sect population levels by eliminating alternate host plants for larvae and
sources of pollen and nectar for adults.
Studies have not been performed in the north central US in regard to the
effects of varying crop management intensity on levels of M. americana in in
tercropped spring wheat and alfalfa. Moreover, information about M. ameri
cana infestations in South Dakota was obtained more than 25 years ago pri
marily in wheat monocultures (Gilbertson 1925, Kieckhefer and Morrill
1970, Kieckhefer 1974). Our goals were to determine the incidence of M.
americana in eastern South Dakota among rotated spring wheat-alfalfa plots
and to compare the incidence under high, intermediate, and low crop man
agement intensities.
MATERIALS AND METHODS
Research was conducted at the Eastern South Dakota Soil and Water Re
search Farm (ESDSWRF) near Brookings, South Dakota, from 1990 through
1993. Our research was part of a series of studies at this site designed to
measure insect, crop and soil fertility
to various crop management
treatments (Ellsbury et al. 1998, Riedell
al. 1998, Hesler et al. 2000). Our
studies were conducted within 30.5 by 30.5-m plots that were part of a four
crop rotation with variable crop management intensities established in 1990.
The rotation included annual crops of corn, soybeans, and a spring wheat-al
falfa interplanting, 'with the alfalfa crop continuing an additional year. Plots
were farmed under one of three levels of crop management intensity (i.e.,
high, intermediate and low eMI). Plots were arranged in a randomized block
design, and each crop-eMI level combination was replicated three times per
year. Each block represented a replication.
Details about crops and eMI treatments are given in Table 1 and in Hes
ler et al. (2000). Briefly, high eMI plots received rates ofN fertilizer designed
to achieve relatively high yield goals (e.g., 3.0 MgJha wheat), broadcast appli
cations of herbicides, fall moldboard plowing and spring disking, and spring
field cultivation of corn fields. Intermediate eMI plots received one-half the
amount of N fertilizer applied to high eMI plots, and labeled rates of herbi
cides broadcast prophylactically in spring wheat-alfalfa plots and banded
along rows of preceding crops of corn and soybean as needed based on weed
seed counts in soil cores. Intermediate eMI plots received fall moldboard
plowing in years preceding corn and wheat and fall chisel plowing in other
years. In the spring, these plots were disked and cultivated. All agrichemi
and intermediate eMI wheat-alfalfa plots were applied before 1
cals in
June of each year. Low intensity plots received no fertilizer or herbicide.
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Table 1. Planting dates, wheat varieties, seeding rates, and fertilizer and herbicide use
in intercropped spring wheat-alfalfa plots under high, intermediate and low crop man
agement intensities (CMIl, Brookings, SD.
Year

Planting
date

Spring wheat
variety 1,

1990

26 April

'Guard,' 104

1991

4 April

'Guard,' 104

1992

7 April

'Guard,' 104

1993

20 April

'Butte,' 118

Fertilizer2;

Herbicide:>; liters (Al)lha

High: 101
Intermediate: 50
Low: 0
High: 117
Intermediate: 58
Low: 0
High: 90
Intermediate: 45
Low: 0
High: 90
Intermediate: 45
Low: 0

High: 1.2
Intermediate; 0.6
Low: 0
High: 1. 2
Intermediate: 0.6
Low: 0
High: 1.2
Intermediate: 0.6
Low: 0
High: 1.2
Intermediate: 0.6
Low: 0

1 Interseeded with 'Coyote 990' alfalfa planted at a rate of 12 kglha.
2 Applied as urea form of nitrogen (46-0-0, N-P-K), kg/ha.
3 MCPA
2-methyl-4-chlorophenoxyacetic acid. Applied post-emergent

=

during first

year of intercrop plots.

Tillage in these plots consisted of fall chisel plowing and spring disking and
field cultivation.
Spring wheat was sampled for adult M. americana and symptoms of lar
val infestation using methods similar to those of Kieckhefer and Morrill
(1970). Larval infestation was determined by counting the number of white
heads within each of 50 0.09 m 2-quadrats per plot. Mean head density was
estimated by counting all grain heads within an additional 10 quadrat sam
ples. The percentage of M. americana infestation per plot was expressed as
the ratio of the mean number of white heads per quadrat to the mean num
ber of grain heads per quadrat. Grain heads were sampled during the milk to
soft dough stages CZadoks scale 75-85 rZadoks et al. 1974]). Percentages of
M. americana infestation per plot were transformed (arcsine '>/x) to achieve
uniform variance (Ott 1984). Data were subjected to a two-way analysis of
variance using CM! and year as factors (PROC ANOVA; SAS Institute 1988).
Means were separated using the Student-Nueman-Kuels method (Ott 1984).
Adult M. americana were sampled in the spring wheat-alfalfa plots 3
times in June 1991 and 5 times in June and July in both 1992 and 1993 (see
Table 2 of Hesler et al. 2000). Samples consisted of 60 pendular sweeps with
a 38-cm diam. sweep net along two transects in each plot (30 sweeps per
transect). Flies collected along each transect were treated with chloroform in
the net, transferred to containers, and identified in the laboratory. The num
bers of adult M. americana collected per sample within individual treatment
plots were analyzed using a repeated measures analysis (PROC MIXED, Lit
tell et al. 1996), with CM! and sampling date as non-random independent
variables. A spatial covariance model was used in the analyses for unequally
spaced sampling dates. A separate analysis was performed on each year's
data, as the number and timing of sampling dates differed among years.
Treatment means were separated by using the LSMEANS option (Littell et
al. 1996).
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Table 2. F values from repeated measures analysis of the number of adult Meromyza
americana in spring wheat-alfalfa intercrop plots, Brookings, SD.
Source of variation
Year

SD (d£)

CMI (d£)

SD xCMI (d£)

1991
1992
1993

11.08* (2, 12)
3.64* (4, 24)
14.94* (4, 24)

1.56 (2, 4)
0.43 (2, 4)
0.40 (2, 4)

1.22 (4,12)
0.95 (8, 24)
1.63 (8, 24)

Asterisks indicate statistical significance (P < 0.05).

RESULTS AND DISCUSSION

Larval infestations. The percentage of white heads caused by M. amer
icana varied by year (F = 8.03; df = 3, 24; P < 0.01), but neither CMI
(F = 0.92; df = 2, 24) nor the year-by-CMI interaction (F = 0.83; df = 6, 24)
were significant (P > 0.05). M. americana infestation was greater in 1991
than in other years (Fig. 1). Although we did not directly compare larval in
festations in our intercropped spring wheat and alfalfa with those in wheat
monocultures, the damage from M. americana in our plots was comparable to
that reported previously for monoculture wheat fields of eastern South
Dakota, where 1 to 3% of wheat heads are typically infested (Gilbertson
1925, Kieckhefer and Morrill 1970). The small but significantly greater infes
tation in 1991 may have been due to natural variation in annual population
cycles of M. americana, as plots were treated similarly each year. Kieckhefer
and Morrill (1970) have suggested that the degree of synchrony between
early growth stages of wheat plants and the life cycle of M. americana may
influence the levels of larval infestation each year.
Adult M. americana. The numbers of adult M. americana collected
each year varied by sampling date, but, as with larval infestations, neither
CMI nor the year-by-CMI interaction were significant (Table 2). Collections
of adult M. americana were bimodal, with peaks on the first and last sam
pling dates each year (Fig. 2). This pattern was expected, and it is consistent
with the early June and mid-July peaks of these flies previously reported
within wheat fields in eastern South Dakota (Gilbertson 1925, Kieckhefer
and Morrill 1970). However, the high peaks late in the season contrast with
the collection pattern seen by Kieckhefer (1974), in which July peaks were
relatively small compared with those earlier in the season. It is unclear why
our collection pattern differed from his, but the smaller late-season peaks in
his study may have been due to poorer survival of M. americana to adulthood
or delayed emergence beyond Aug. 1 (his last sampling date).
In summary, our study showed that neither larval infestations nor num
bers of adult M. americana differed due to CM!. Other studies at the ES
DSWRF have shown some effects of CMI on insects (Ellsbury et aI. 1997,
Hesler et aI., 2000) and crop performance (Riedell et aI. 1998). In regard to
insects, Ellsbury et aI. (1998) found greater abundance of a ground beetle,
Harpalus pensylvanicus (DeGeer), and a greater Hierarchical-Richness Index
(a product of ground beetle species rank and relative abundance) in low CMI
plots across all crops in the rotation. Hesler et aI. (2000) found greater abun
dance of ladybird beetles in high CMI spring wheat-alfalfa plots in one of
four years, but mixed results for one ladybird species, Hippodamia tredecim
punctata tibialis (Say). However, Hesler et aI. (2000) found no effect of CMI
on infestation of spring wheat by cereal aphids.
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Figure L Percentage (mean ± SE) of spring wheat plants with white heads
caused by Meromyza americana infestation (n == 9). Means with the same let
ter are not significantly different.

As Riedell et al. (1998) noted, eMI treatments in experiments at the ES
DSWRF were used to investigate effects at the crop management systems
level. Each eMI treatment was a combination of different levels of tillage
and N fertilizer and herbicide use, and the particular combinations used in
our study did not lead to differences in M. americana infestation. N fertiliza
tion, grassy weed control through tillage and herbicide use, and crop rotation
may all influence infestation levels of M. americana, but the relative impor
tance of each is unknown. N fertilization generally increases infestation lev
els of phytophagous pests (van Emden 1966, McNeill and Southwood 1978,
Mattson 1980), whereas the control of grassy weeds within and around
wheat fields limits infestation by M. americana in wheat (Gilbertson 1925).
Practices (e.g., N fertilization) that could promote greater infestations by M.
americana may offset those that limit them (e.g., grassy weed control). Also,
crop rotation, common to all treatments in our study, may be an overriding
factor in limiting infestation by M. americana (Gilbertson 1925). Thus, crop
rotation, which suppresses populations of M. americana, may possibly have
masked any effects of eMI in our study. Our inability to clearly define the
relative contribution of individual factors within eMI levels demonstrates a
limitation to interpreting research at the crop management systems level.
Future studies that partition and compare the effects of individual crop man
agement factors may be useful for determining the relative importance of
each in limiting infestation by M. americana. These reductionist approaches
to research on insect pests can be complementary to cropping systems ap
proaches. Together, they may lead to a better overall understanding of the
factors involved in infestations of spring wheat by M. americana.
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Figure 2. Mean number of adult Meromyza americana collected from spring
wheat-alfalfa intercrop plots (n 9 samples per date, 60 sweeps per sample)
at the Eastern South Dakota Soil and Water Research Farm, Brookings,
1991-1993. Error bars omitted for clarity.
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FIRST RECORD OF TACHYSPHEX PECHUMANf
(HYMENOPTERA: SPHECIDAE) FROM INDIANA
Frank E. Kurczewski

ABSTRACT
A nesting population of Tachysphex pechumani is recorded from near In
diana Dunes National Lakeshore, Porter County, Indiana. This record is a
western extension of the known range of this uncommon species. Nesting bi
ology of T. pechumani at this locality was similar to previously published ob
servations on this species.

Tachysphex pechumani Krombein is unusual from the standpoint of
adult morphology, nesting behavior, ecology, and seasonal and geographic
distribution (Kurczewski 1987, Kurczewski and Elliott 1978, Kurczewski et
a1. 1970). It has a disjunct range in sections of the Lower Peninsula of Michi
gan, extreme northwestern Indiana, extreme northwestern Ohio, southwest
ern Ontario, and the New Jersey Pinelands National Reserve (Fig. 1). This
species was previously unknown from Indiana (Pulawski 1988, M. F. O'Brien
1994 pers. comm., R. Grundel1999 pers. comm.).
Tachysphex pechumani is an excellent indicator of ancestral oak savanna
(Kurczewski 2000). Northwestern Indiana was considered to be prime area
for this species at the time of Euro-American settlement because of the abun
dance of oak savanna, extent of appropriate sandy
historical climate,
and likelihood of periodic fires (Kurczewski 1998).
A population of T. pechumani was located in the Township of Pine, Porter
County, Indiana, on 21 June 1999 (Fig. 1). The site was on private property,
just south of the Indiana Dunes National Lakeshore but north ofU. S. Route
20. It consisted of exposed barrens, oak savanna, and oak-deciduous wood
land situated on Oakville fine sand. Tachysphex pechumani nests in Oakville
fine sand in the Oak Openings Preserve Metropark, Lucas County, Ohio and
the Allegan State Game Area, Allegan County, Michigan (F. E. Kurczewski
pers. obs.). In Indiana the wasps nested in sandy openings in oak savanna at
the edge of oak-deciduous woodland.
Two aggregations of wasps were separated by 91 m. A NE
compacted
by deer repose, contained two females. Their nest entrances were 24 cm
apart. A SW site, compacted by occasional off-road vehicular use, held five fe
males and 16 nests. Nests at the SW site were segregated into five clusters
(probably one for each wasp) of 2,3, 3,4, and 4 nests. Individual wasps tend
to excavate consecutive burrows close together in clusters (F. E. Kurczewski
pers. obs.). Distances between the five clusters ranged from 78 cm to 5.7 m.
Distances between entrances within a cluster averaged 14.4 cm (Range =
3-32 cm, N = 12).
1 Environmental and Forest Biology, State University of New York College of Envi
ronmental Science and Forestry, Syracuse, New York 13210-2778.
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Figure 1. Present-day (1991-1999) geographic distribution of Tachysphex
pechumani. Indiana record is shown by open arrow point. Sizes of closed cir
cles reflect abundance and extent of subpopulations. Individual localities can
be obtained by writing author.

Two entrances at the SW site were 8 and 7 mm in diameter. Tailings
from five wasp burrow excavations, one from each cluster at this site, aver
aged 80.0 mm (Range = 65-90 mm) long and 60.0 mm (Range = 55-70 mm)
wide. The five burrows averaged 53.4 mm (Range = 44-62 mm) long, includ
ing cell length, and 31.6 rom (Range 26-38 mm) deep, including cell depth
(Fig. 2). The five cells averaged 16.0 mm long (Range = 15-17 mm), 6.0 mm
high (Range::: 6 mm), and 6.5 rom wide (Range = 6-7 mm).
Each of the five cells contained a single, paralyzed prey grasshopper
placed head inward and ventral side upward. Each grasshopper bore a
slightly curved, sausage-shaped wasp egg, 2.0-2.5 mm long, affixed by the
distal end to the soft intersegmental membrane (corium) surrounding the
base of a procoxa, the egg lying transversely across the prey behind the front
legs. Three such eggs were affixed to the left and two were attached to the
right forecoxal coria. The grasshoppers were identified as late instar,
nymphal Melanoplus spp. (Acrididae). They weighed (wet) 111 to 178 mg
(Mean::: 128.8 mg, N ::: 5). One female, collected as a voucher specimen and
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Figure 2. Burrow and cell design of Tachysphex pechumani nest, as seen
from side. Burrow excavation tailings are stippled.

deposited at Cornell University, weighed (wet) 33 mg. Two cells in one SW
cluster contained small red ants [Acanthomyops claviger (Roger)] in the
process of amputating and carrying off pieces ofthe prey.
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VARIATION IN TIMING AI'lD ABUNDANCE OF ELFINS (CALLOPHRYS)
(LEPIDOPTERA: LYCAENIDAE) IN WISCONSIN DURING 1987-1999
Ann B. Swengel and Scott R. Swengell

ABSTRACT
In Wisconsin during 1987-1999, we recorded elfin (Callophrys) individu
als on 154 of 254 observation dates between 2 April and 11 July. The frosted
elfin (C. irus) occurred only in central Wisconsin; brown (C. augustinus),
hoary (C. polios), and Henry's (c. henrici) elfins in central and northern Wis
consin; and eastern pine elfin (C. niphon) from southern to northern Wiscon
sin. Most individuals were eastern pine elfins, which occurred at the most
sites, while Henry's elfin had the fewest individuals and sites. All five elfins
occurred in the most frequently visited subregion (central Wisconsin), where
they all had similar median and mean observation dates for all study years
pooled. For most elfins, the number of individuals observed per year covaried
significantly with the span of days between first and last observation dates
that year. Within species, mean and median observation dates in the earliest
year(s) always occurred before the first observation date in the latest year(s).
We compared the phenology of the frosted elfin flight period to the timing of
olympia marble (Euchloe olympia) adults and spring Karner blue (Lycaeides
melissa samuelis) larvae and adults. The least variable relatio
. was the
date of first mature Karner larva (typically before first frosted e m adult,
and bracketing that date by only 8 days). Only the frosted elfin showed a sig
nificant influence of weather (temperature only) on observed density, while
most elfins significantly increased the nearer to noontime. We recorded elfins
in broad ranges of weather conditions and daily timing. Elfin abundance fluc
tuated markedly among years based on the mean of peak survey totals at the
same monitoring sites in central Wisconsin each year from 1992 or 1993 to
1999. One "outlier" site each for frosted and eastern pine elfins had much
higher peak survey totals than the other sites. Abundance fluctuations in the
outlier and other sites did not correlate significantly for either species. For
most elfins, the percent sites where the species was recorded as present each
year covaried significantly with that year's annual mean of peak survey to
tals. This indicates that the ability to document presence of an elfin relates
to the species' abundance that year. Since elfin abundance and flight timing
and length varied considerably among years, the appropriate time for elfin
detection must be determined individually for each year and assessments of
an elfin's status and abundance cannot be reliably based on surveys at only a
few sites or in a few years.

Five species of elfins (Callophrys Billberg 1820) (Lepidoptera: Ly
caenidae) have been recorded in Wisconsin (Opler and Krizek 1984, Scott

1909 Birch Street, Baraboo, Wisconsin 53913 USA.
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1986, Glassberg 1999). They complete one generation per year, with the
adult stage occurring in spring. Brown [C. a. augustinus (W. Kirby 1837)]
and hoary (C. polios Cook and Watson 1907) elfins range widely in boreal
and montane North America in acidic habitats (bogs, barrens, upland forest
edges). In the eastern U.S., they use short shrubby heaths (Ericaceae) as
larval food plants. The range of the frosted elfin [CaZZophrys i. irus (Godart
1824)] occurs from northern New England to Michigan and Wisconsin, with
scattered populations southeast to northern Florida. This subspecies is
known or inferred to use wild lupine (Lupinus perennis L.) (Fabaceae) as
larval host (Kuehn 1983, Gatrelle 1991, Schweitzer 1992, Swengel 1996,
Nielsen 1999), a perennial herb of open-canopied habitats on xeric, sandy
soil (Dirig 1994). With a range in the eastern U.S. and adjacent Canada,
the Henry's elfin [C. h. henrici (Grote and Robinson 1867)] uses various
flowering shrubs and trees (Aquifoliaceae, Caprifoliaceae, Ebenaceae, Eri
caceae, Fabaceae, Rhamnaceae, Rosaceae) as host. Usually only one host is
used in an area, and the host(s) in Wisconsin remain unreported. The east
ern pine elfin (C. niphon clarki T. N. Freeman 1938), which uses pines
(Pinaceae) as larval host, ranges throughout the eastern U.S. east of the
Great Plains and southern Canada east of the Continental Divide. The
frosted elfin is the only elfin species with legal protection (as a threatened
species) in Wisconsin (Bureau of Endangered Resources 1999), as well as
Michigan, bordering to the east (Nielsen 1999). No elfins are listed in Min
nesota, bordering to the west (Cutler et al. 1988, Minnesota Department of
Natural Resources 1995).
In this paper, we analyzed the variation in relative abundance and tim
ing of adults ofthese elfins, as observed in formal surveys and informal visits
at numerous sites in Wisconsin during 1987-1999. These analyses included:
(1) comparisons of the earliest, latest, mean, and median observation
dates among four subregions of Wisconsin,
(2) tabulations of these dates by year in central Wisconsin (the most fre
quently visited subregion), with tests for significant correlations be
tween span of observation dates and number of individuals recorded
within year,
(3) tests for significant relationships between a species' observation rate
(individuals recorded per hour of surveying) with geographical, tim
ing, and weather factors, and
(4) comparisons of relative abundance among years (i.e., annual fluctua
tions) at sites surveyed for many consecutive years.
We also sought sympatric butterfly species that might be useful for gauging
the phenological progress of the frosted elfin. These analyses should prove
useful for designing, implementing, and interpreting surveys to research and
monitor populations of these species. In our analyses, we gave particular em
phasis to the frosted elfin. As it is the elfin species receiving the most conser
vation attention in Wisconsin, it would most likely be a particular focus of
surveying, which is a necessary component of conservation programs (New
1993, Pollard and Yates 1993). Results for the other elfin species are provided
not just as natural history information, but as a context for interpreting re
sults for the frosted elfin. The phenological data for all the elfins also provide
a basis for study of possible future climate change (Dennis 1993, Kuchlein
and Ellis 1997, Sparks and Yates 1997).
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METHODS
Field observations. Since 1986, we conducted formal transect surveys
of adult butterflies along similar routes at each site on each visit, as de
scribed in Swengel (1996, 1998) and Swengel and Swengel (1996, 1997).
These surveys occurred at about 160 Wisconsin pine-oak barrens sampled be
cause of their apparent potential to support barrens-specialized butterflies.
These sites represent a diversity of ownerships and land uses, including gov
ernment or private conservation reserves, government-owned forest reserves
for timber harvest, military reservation, and rights-of-way for highways and
utility lines. All sites could not be visited each year, but most were visited
more than once both within and among years. Most surveys occurred during
1991-1999. Survey time" and locations were selected especially to study bar
rens-specialized butterflies, as classified in Swengel (1998). A high priority
was the frosted elfin, of lesser priority was the Henry's elfin, while no prior
ity was given to other elfin species.
Walking at a slow pace (1.5-2 kmJhr) on parallel routes 5-10 m apart, we
counted all adult butterflies observed ahead and to the sides, to the limit of
species identification (possibly with binoculars after detection) and ability to
track individuals. Within a barrens site, we designated a new sampling unit
(i.e., subsite) whenever the habitat along the route changed by management
type and/or year of treatment, canopy, and/or vegetative quality (based on di
versity and abundance of native and exotic flora). We tried to avoid double
counting an individual, either within or among units, during a survey at a
site. For each unit, we recorded temperature, wind speed, percent cloud
cover, percent time sun was shining, route distance, and time spent survey
ing. Data from each unit were kept separate. Surveys occurred during a wide
range of weather conditions and times of day. Occasionally surveys occurred
in intermittent light drizzle, so long as butterfly activity was apparent, but
not in continuous rain.
We kept records on informal observations of elfins that might occur be
fore/after a formal survey while we were still at the study site or on informal
visits to a variety of other sites and habitats in Wisconsin. In these informal
observations, sampling did not necessarily follow a set route nor were time
(duration) and weather recorded. However, numbers of elfin individuals ob
served were usually tallied. Butterfly nomenclature follows North American
Butterfly Association (1995).
Dataset assembly. The dataset included all formal surveys and infor
mal observations recording any elfin(s), identified or not. These elfin locali
ties were grouped into subregions based on county boundaries (Fig. 1). Lati
tudinally, subregion 3 grouped logically with subregion 4, but we kept
subregion 3 separate because the sites visited there had a greater
in
habitat to sites in 2 than 4. Elfin observations occurred on formal surveys in
all four subregions.
We included formal surveys not recording any elfins, if they were within
the span of dates in that subregion that year when we observed any elfins.
The species total was set as zero (so as to include that survey result in analy
ses) for an elfin if the survey date occurred within the span of dates that
species was observed in that subregion that year. Sometimes we recorded one
or a few individuals 1-2 weeks outside the regular span of observation for
that
in that subregion that year. In that case, we did not insert zeroes
for surveys on dates between those outlier date(s) and the next nearest date
of observation that year, as absence on surveys during that period could be
attributed to seasonal timing rather than low numbers of the
in the
site.
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Figure 1. Map showing boundaries offour study subregions in Wisconsin.

In this dataset, the latitudinal ranges for the sites in each subregion
were 43.19-43.61, 43.97-44.70, 45.73-46.09, and 45.36-46.86 2 N, respec
tively. The longitudinal ranges were 89.73-90.53, 90.12-91.02, 92.11-92.74,
and 88.32-92.162 W, respectively. Most sites in subregions 1-3 had sandy
soils, while the
. subregions 2-3 had peat soils and the remaining sites
in subregions 1
silty loess soils (based on Zimmerman 1991). All these
soil types, plus heavy clay soil, were represented in the sites of subregion 4.
To document additional opportunities to record elfins that turned out to
occur outside the span of dates for our elfin observation in that subregion
that year, we included formal surveys before any elfins were observed in that
year (as early as 2 April), and after (as late as 11 July). These surveys
weren't included in elfin analyses (i.e., species totals were set as no value,
not zero), but serve only to define the precision of first and last dates of ob
servation we recorded. If no formal surveys occurred between 2 April and 11
July but outside the span of dates any elfins were observed in that subregion
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that year, we included informal visits during that time period, but only if any
butterflies of any species were recorded (i.e., demonstrating that it was
weather conducive to butterfly observation) and the visit was to a site where
we had ever observed elfins.
We sought other sympatric butterfly species that might be useful for
gauging the phenological progress of frosted elfin adults, the only elfin with
legal conservation status in Wisconsin. We selected olympia marble [Euchloe
olympia (W. H. Edwards 1871)] and spring larvae and adults of the bivoltine
Karner blue (Lycaeides melissa samuelis Nabokov 1944), because they are
easily detected and identified, widely distributed in frosted elfin habitat, and
occur before or overlapping with frosted elfin adults. The Karner blue, feder
ally listed as endangered, is the subject of much surveying in Wisconsin,
such that a state-operated telephone hotline provides timely phenological in
formation on this butterfly (Wisconsin Department of Natural Resources
1999). Comparisons occurred only in subregion 2, where all our frosted elfin
observations occurred, and during 1992-1999, when we surveyed most often.
Phenological events included:
(1) first date of observation for a 13 mm or larger larva,
(2) first date for mean 10 mm or larger larvae,
(3) last date before any adults observed (if <7 days before date of first
adult observed),
(4) first date for adults,
(5) date for "maximum" adults (highest relative density-i.e., individu
alslhour per unit survey--on a single survey),
(6) date for "peak" adults (highest mean relative density, if >1 site sur
veyed that date), and
(7) last date for adults.
Definitions of phenological events and dates for Karner blue events during
1992-1998 follow Swengel and Swengel (1999).
Statistical analysis. We calculated first and last observation dates of
the season for each species in each subregion for all years pooled (using both
formal and informal observations). If we observed the species on more than
one date, we calculated median and mean observation dates by weighting
each date by the number of individuals observed. For subregion 2, which had
the most survey dates, we calculated first, last, median, and mean dates for
each species in each year. Spearman rank correlation was used to test for sig
nificant relationships between number of days in the observed flight period
and total number of individuals observed.
Spearman rank correlation was used to test observation rates (relative
densities or abundances) of each study species for patterns relative to:
(1) geography (latitude and longitude),
(2) timing (beginning time of survey and crepuscularity-Le., difference
between 1200 hr CST and time when unit survey started), and
(3) weather (percent time sun was shining, percent cloud cover-i.e.,
mean of beginning, ending, lowest, and highest percent cloud cover,
temperature-i.e., mean of beginning, ending, lowest, and highest
temperature, and wind speed-i.e., mean of lowest and highest wind
speed).
We calculated observation rates as individuals observed per hour in each for
mal unit survey. It was necessary to standardize the data as observation
rates because the routes varied in length among units. Unit surveys were in
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eluded in an analysis only if held on dates during the species' flight period
(i.e., within the span of dates adults of the species were observed in that sub
region that year) at sites within the range of the species recorded during
these surveys. Analysis was performed at the scale of the unit rather than by
site, because unit surveys within the same site varied, sometimes consider
ably, in vegetative characteristics and weather. The Mann-Whitney U test
was used to test for significant differences in geography, timing, and weather
on unit surveys during the elfin's flight period by whether the
was
recorded (in any numbers) or not.
We computed all statistics with ABstat 7.20 software (Parker, Colorado,
USA). Significance was initially set as a two-tailed p<0.05. Since significant
results occurred overall at a frequency well above that expected due to spuri
ous
I statistical error, we did not lower the P value further, as many
more pe II errors (biologically meaningful patterns lacking statistical
nificance) would then be created than Type I errors eliminated.
Population monitoring. For species observed in sufficient numbers
and years (aU except Henry's elfin), we identified sites surveyed formally for
the most consecutive years possible where we had ever recorded the elfin
species in formal surveying during that period: seven and five monitoring
sites, respectively, for brown and hoary elfins during 1993-1999; and nine
and ten sites, respectively, for frosted and eastern pine elfins during
1992-1999. We conducted a similar analysis with 17 sites for frosted elfin
during 1994-1999. Analysis limited to 1994-1999 did not markedly increase
the sample of sites for the other elfins. This analysis was limited to subre
gion 2, where we conducted the most surveying, so that our peak counts
would most closely correspond to actual peak in the elfins' flight periods.
We identified the peak survey per site per year on formal surveys during
flight period. In the few instances when we observed the elfin in the subre
gion on only one date in a year and a monitoring site lacked a survey on that
date, we used a survey from another date for this analysis, if that date oc
curred (1) within one week of the single observed date and that single date
occurred around the typical median and mean observation dates, (2) within
one week after the single observed date if that single date fell near the typi
cal first observation date for that elfin, or (3) within one week prior if that
single date fell near the typical last observation for the elfin. This was neces
sary only for brown elfin (for 8 of 49 surveys; once each for six
twice for
the seventh
in 1997 and once in 1998) and hoary elfin (for 3 of 35 sur
veys, twice for one site, once for another site; once each in 1996, 1997, and
1998).
In comparisons within species of abundance trends and fluctuations
among sites and years, the peak survey total (not observation rate per hour)
was analyzed, since survey route and length within a site was held constant.
For each monitoring site, we calculated the percentage the elfin was recorded
as present, both by year (using peak survey) and for all formal surveys dur
ing the flight period.
RESULTS
During 1987-1999, we recorded elfin individual(s) on 154 of 254 observa
tion dates in the study season (Fig. 2), and on 82 of 120 dates in the most fre
quently visited subregion (Fig. 3). On every date we recorded unidentified
elf'in(s) in a subregion, other elfin(s) were identified to species. Frosted elfins
occurred in only one subregion (2) and eastern pine elfins in all four, while
the other species occurred in the three more northern subregions (Table 1).

2000

•

~::: t

•
•

1993

=

0

••

..

•

• • •

om

=

ICl

•

0

•

=

0

=

0

• ICJ

a:

•

-==

IIIl

• •
•
• •
•

::J

•
•

C

0

C

•

a:J

0

•

•

~

•

..•

IIIl

ICJ

•

•

•

• IIIl

o. c:.

0

•

••

rn

_

IIIl ICl

0

1989
1988

::0

ITD •

•

••

.:om

I{J

0=

..

•

IlJ

OJ

..

IlJ

DC::r::w

0

IlJ

•
0

• CIIIJ

om

•

1991

C

o

•

-

1994

1987

0

IO:IIJ

o

1995 .

1990

•

0

m

[IT]

•

1996

o

DO

1997

1992

51

THE GREAT LAKES ENTOMOLOGIST

• IIIl

• •

1Cl.

....

+-~~+----.+-~~~rID-G-~~---~~D;~--~~---+·~·~-+---.·--4

2 Apr

12 Apr

22 Apr

2 May

12 May

22 May

1 Jun

11 Jun

21 Jun

1 Jul

11 Jul

Figure 2. Dates of observation during the study season (2 April-11 July) and
study years (1987-1999) in the entire study region (Fig. 1), by whether any
elfins (identified to species or not) were observed on that date.
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Most identified individuals were eastern pine elfins, which occurred at the
most sites, while Henry's elfin had the fewest individuals and sites (Table 1).
Elfin flight periods. Median and mean observation dates tended to
occur progressively later the more northerly the subregion, but less so the
last dates and not so the first dates (Table 2). Since subregion 3 had the
fewest survey dates, with none in June, that subregion should either be dis
regarded or combined with the latitudinally similar subregion 4 for compar
isons among subregions. In the most frequently visited subregion (2), hoary
and eastern pine elfins had the earliest observation dates, while frosted elfin
was somewhat later in first and last dates than the other elfins except east
ern pine elfin, which had the latest date. But within subregion 2 and subre
gions 3--4, the different elfins had similar median and mean dates.
All elfin observations in subregion 1 occurred in uplands; most in subre
gions 2-3 did too, but a few were in bogs. In subregion 4, the data were ade
quate for subdivision by these habitats (Table 2). The first and last dates for
brown elfin were later in bogs than uplands, but median and mean dates
were similar. All dates for eastern pine elfin were simil ar between these
habitats.
In comparisons between Michigan (Nielsen 1999) and Wisconsin of cumu
lative elfin flight periods based on decades of records (Table 3), first dates in
Michigan were earlier than in Wisconsin except vice versa for Henry's elfin.
Recorded flight spans were longer in Michigan than Wisconsin except for
Henry's and frosted elfins. In both states, brown and eastern pine elfins had
the longest spans, followed by hoary elfin, while frosted and Henry's elfins
had the shortest.
In subregion 2, the frequency of survey dates was sufficient to analyze
flight periods by year (Tables 4-5). Comparisons among years are more
meaningful in 1994-1999, which had more elfin observation dates per year
than 1987-1993 (Fig. 3). The number of individuals observed per year often
covaried significantly with the span of days between first and last observa
tion dates, and no correlations were significantly negative (Table 6). These
correlations were significant when the lowest number of individuals recorded
in a year was 0 or 1, but were not significant when >110 individuals were
recorded in the sample (except for all elfin species pooled) (cf. Tables 5-6).
During 1994-1999, mean flight spans per year were 20, 18, 31, 10, and 36
days for brown, hoary, frosted, Henry's, and eastern pine elfins, respec
tively-i.e., a mean of 56% (range 38-76%) ofthe cumulative flight spans for
these species over all of those years. During 1994-1999, variability in timing
among years differed by type of date (first, last, median, mean) and species
(Table 7). The frosted elfin varied least in first and last dates, and brown
elfin in median and mean dates. The hoary elfin, which had the most years
(3) with single observation dates (Table 4), varied most in timing except east
ern pine elfin varied most in first date.
The Highway X powerline corridor had the highest numbers and most
consistent observations of frosted elfin (Fig. 4). We observed this species on
each visit there within the flight span we recorded for frosted elfm through
out subregion 2 (cf. Fig. 4, Table 4), except for none seen at this corridor in
the midst of the flight on 23 May 1994 (in overcast, deteriorating weather),
at the end of the flight on 12 June 1995, and at the start of the flight on 6
May 1997. At this corridor, we walk down the ditches on either side of the
highway and return by the powerline paralleling the highway to the east. To
avoid double-counting, we do not record individuals by the power line from
the ditch or vice versa. Most individuals (126) were by the powerline, and few
(21) in the ditches, including dates of highest survey totals: 23 by the power
line and 5 in the ditches (5 May 1998), 29 and 7 (13 May 1998), and 11 and 3

Table L Thtal individuals (total) and number of sites (sites) recorded for each
and total observation dates (total) of any elfin
subregion (mapped in Fig. 1). The number of
(identified or not), and total number of sites (sites) visited on dates shown in Fig. 2,
dates per subregion sums to >154 because on a few dates, elfins were recorded in more
one subregion.
Subregion 1
sites
Brown elfin
Hoary elfin
Frosted elfm
Henry's elfin
Eastern pine elfin
Unidentified elfin

60
1

Observation dates

31

N study sites

12

Subregion 2

Subregion 3

Subregion 4

All
subregions

total

sites

total

sites

total

sites

total

sites

total

sites

100
130
350
15
341
154

26
29
41
13
45

7
26

3
9

85
117

11
6

221

16

14
12
5

6
1

115
42

14

1
7
4

1
4

413
273
350
30
535
206

56
44
41
20
76

82
13

Subregion 4
upland

29

8

136

24

14
22

154
17

N

o
o
o

-I

I
m
G)

;>0

212

m

2:;

:;
A

m

Table 2. First and last observation dates of the season for each elfin, and median and mean dates if recorded on > 1 day, by subregion,
and first and last observation dates (as in Fig. 2) for each subregion.
Subregion 1

Subregion 3

Subregion 4
upland

Subregion 4
bog

23 May-25 May
28 Apr-25 May

26 Apr-20 Jun
20 May-13 Jun

21 May-25 Jun

26 Apr-05 J un

30 Apr-06 ,Tun
28 Apr-06 Jun
04 May-14 Jun
04 May-30 May
28 Apr-26 ,Tun

23 May-26 May
28 Apr-26

28 Apr-14 Jun

25
25

11 May/14 May

17 May/16 May
16 May/17 May
20 May/20 May
16 May/19 May
19 May/20 May

2 Apr-7 Jul

13 Apr-ll Jul

First-last dates
Brown
Hoary
Frosted

E.
Median/mean dates
Brown
Hoary
Frosted
Henry's
E. Pine
First-last dates
Observation

Subregion 2

V>

m

Z

~o
6G)

U)
-l

28 May
28 Apr-I:! Jun

May
May

30 May/28 May
2:! Mav/26 May

24 May/29 May

24 May/24 May
26 May/20 May

24 May/27 May

24 May/22 May

28 Apr-26 May

2Apr-24Jun

28

th
W

Jun
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Table 3. Cumulative flight spans based on decades of records for the study species in
Michigan and Wisconsin, where the elfins' ranges are similar latitudinally except
frosted elfin's recorded range is narrower in Wisconsin than Michigan COpier 1995,
Nielsen 1999).
Wisconsin2

Michiganl
Brown
Hoary
Frosted
Eastern pine

range

span

range

span

18 April-16 July
3 ApriI-3 June
25 April-5 June
5 May-6June
18 April-ll July

89
61
41
32
84

26 April-25 June
25 April-13 June
4 May-14 June
26 April-6 June
26 April-26 June

60
49
41
41
61

lfrom Nielsen (1999).
2from Ebner (1970), Leuschner (1974-1975), Winter (1980-1982), Kuehn (1983), Pre
ston (1983-1991), McKown (1992-1994), Minno and Minno (1995), Tuttle (1996-1999),
and Table 2.

(11 May 1999). Th guard further against double-counting, on these dates as
on the others, we moved past individuals with care and they usually did not
flush. Even on 13 May 1998, when we recorded the most individuals ever, we
moved easily from one frosted elfin to the next with both remaining in view.
We compared the phenology of the frosted elfin flight period to the timing
of olympia marble adults and spring Karner blue larvae and adults (Table 8).
During 1992-1999 in subregion 2, we recorded 1753 olympia marbles in for
mal surveys on 54 dates and 1659 Karner blue adults on 25 dates through
the end of the frosted elfin flight period; 485 spring larvae occurred on 46
dates, 346 frosted elfins on 52 dates. The first date for frosted elfin followed
that for olympia marble by a mean of +8.6 days (range 0-21). In two years
(1994, 1997) of the three when we first observed both species on the same
date, no visits occurred in that subregion for 20 days prior, so we were un
likely to have recorded earlier dates for either species. The first date for a
mature Karner blue larva (? 13 mm in length) preceded that for adult frosted
elfin by a mean of -1.0 days (range -7 to +l-i.e., preceding by 0-7 days ex
cept following by 1 day in 1995). The first date for an adult Karner blue fol
lowed that for frosted elfin by a mean of +14.3 days (range +6-21), and fol
lowed frosted elfin peak by a mean of +0.4 days (range -8 to +11). The first
date of an adult Karner blue followed the frosted elfin maximum by a mean
of +3.0 days (range -6 to +11). The least variable relationship to frosted elfin
phenology was the first mature Karner larva (typically before first frosted
elfin adult, and bracketing that date by only 8 days). The most consistent
phenological markers in terms of sequence were the first olympia marble
adult (never following first frosted elfin adult) and first Karner blue adult
(always after first frosted elfin adult).
Weather, timing, geography_ Of the four analyzable species, only
frosted elfin showed any significant influences of weather (temperature only)
on observed density (Table 9). But we observed frosted elfins in nearly the
full range of temperatures occurring on formal surveys in the species' flight
period and range (15-32° out of 13-32°C). Likewise, we recorded brown,
hoary, and eastern pine elfins in temperatures ranging from 13-16°C to
30-32°C, out of a possible 12-13°C to 30-32°C.
Three of four elfins related significantly and negatively to crepuscular
their observed densities increased the nearer to noon (Table 9). The

Table 4. First and last observation dates for each elfin, and median and mean dates if recorded on >1 day, by year in subregion 2.
First-last dates
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
All

Brown elfin

Hoary elfin

Frosted elfin

Henry's elfin

30 Apr
17 May-27 May
17 May

17 May-18 May
11 May-17 May

17 May-18 May

17 May

10 May-15 May
27 May
11 May-Ol Jun
10 May-22 May
02 May-31 May
07 May-06 Jun
23 May
13 May
04 May-22 May
30 Apr-06 J un

10 May-15 May
20 May
05 May-Ol Jun
10 May-31 May
05 May-31 May
21 May-06 Jun
OS May
2SApr
04 May
28 Apr-06 Jun

20 May
20 May-Ol Jun
11 May-05 Jun
10 May-Ol Jun
15 May-14 Jun
20 May-12 Jun
06 May-12 Jun
05 May-26 May
04 May-02 Jun
04 May-14 Jun

16 May-17 May
15 May-30 May
21 May-29 May
04 May
04 May-30 May

Eastern pine elfin

tv

0
0
0

17 May-27 May
17 May
10 May-29 May
18 May-02 Jun
05 May-Ol Jun
10 May-Ol Jun
05 May-06 Jun
07 May-26 Jun
26 May-ll Jun
28 Apr-26 May
28 Apr-22 May
28 Apr-26 Jun

-i

I

m

Q
70

m

~

'>A
m

(.n

m

Median/mean dates
1987
17 May/20 May
1988
1989
1990
14 May/13 May
1991
1992
11 May/19 May
1993
14 May/14 May
1994
15 Mayl14 May
1995
21 May!20 May
1996
1997
1998
11 May/12 May
1999
All
17 May/16 May

Z

-i

17 May/17 May
14 May/l4 May

17 May/IS May

S
Q

27 May/26 May
01 Jun/28 May
17 May/18 May
30 May/26 May
29 May/29 May
03 Jun/02 Jun
13 May/lO May
11 May/12 May
20 May/20 May

29 May/26 May
20 May/22 May
01 Jun/26 May
11 May/l7 May
17 May/22 May
29 May/27 May
03 Jun/04 Jun
13 May/11 May
19 May/15 May
19 May/20 May

15 Mayl13 May
01 Jun/23 May
16 Mayl15 May
17 May/20 May
28 May/27 May

16 May/17 May

0

18 May/18 May

17 May/17 May
16 May/21 May
25 May/25 May

16 May/19 May

0
r
0
Vi

-i

lh
lh
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Table 5. Span of observation dates and total individuals recorded for each elfin, by year
in subregion 2. During 1994-1999, values are provided for years when we recorded no
individuals of an elfin because survey dates were sufficiently frequent and broadly
timed (Fig. 3) for that elfin's flight period likely to be covered anyway.
Brown elfin

Hoary elfin

Frosted elfin

Henry's elfin

span

span

span

span

total

0

1

total

total

total

1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999

0
10
0

2
12
8

1
6

7
2

1

2

5
0
21
12
29
30
0
0
18

6
4
5
16
23
17
1
1
5

5
0
27
21
26
16
0
0
0

3
5
3
65
35
6
2
1
1

0
12
25
22
30
23
37
21
29

2
13
10
38
99
33
26
84
43

15
8
0
0
0

1987-1999
1994-1999

37
35

100
63

39
39

130
110

41
41

350
323

26
26

span total
10
0

10
3

0
0
1

19
15
27
22
32
50
16
28
24

40
36
21
72
29
33
15
41
6

15
14

59
59

339
196

2
9

1

Eastern
pine elfin

2

Table 6. Coefficients (r) and P values for Spearman rank correlations between span of
observation dates and total elfin individuals recorded in a
during 1994-1999 in
2, by individual years and for all years pooled (as Table 5). N = number of
years x number of species in correlation; ns "" not
individually
elfin
Hoary elfin
Frosted elfin
Henry's elfin
Eastern pine elfin
All five elfin species
All years pooled
All five elfin species

N

r

P value

6
6
6
6
6
30

+0.882
+0.893
-0.257
+0.938
+0.143
+0.789

<0.05
<0.05
ns
<0.01
ns
<0.01

5

+0.900

<0.05

All

Table 7. Variation among years (difference in days) in first, last, median, and mean ob
servation dates (Table 4) for each elfin in subregion 2 during 1994-1999. When a
species was recorded on only one date in a year, that date counts as beginning, end,
median, and mean date.
Date
First
Last
Median
Mean

Brown elfin

Hoary elfin

Frosted elfin

21
24
12
11

23
39
30
29

16
19
23
23

elfin
17
26
21
21

Eastern
pine elfin
28
35
23
24
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Figure 4. Frosted elfin flight period recorded each year at Highway X, based
on 147 recorded individuals (143 on formal surveys, 4 informally-either be
fore/after formal surveyor on a visit of casual observation only) seen on 27 of
46 dates for visits during the study period.

eastern pine elfin also correlated significantly and negatively with increasing
time of day. Nonetheless, the frosted elfin was observed in a wide range of
timings (0710-1750 hrs CST), nearly the entire range possible (0649-1812
hrs), as was hoary elfin (0714-1715 out of 0649-1715 hrs). We recorded
brown elfin during 0753-1530 hrs (out of a possible 0649-1715 hrs) and east
ern pine elfin during 0714-1618 hrs (out of a possible 0649-1715 hrs).
Three of four species (except eastern pine elfin) covaried significantly
with increasing latitude (Table 9), including frosted elfin, which occurred
only in subregion 2 in a rather narrow latitudinal range (Table 1). Hoary
elfin also covaried significantly with longitude (Table 9).
Identical patterns of whether a test was significant, and in what direc
tion, occurred in Mann-Whitney U tests for differences in weather, timing,
and geography between unit surveys with the species recorded as present or
not.
Population monitoring. All four analyzable elfins fluctuated markedly
in abundance among years, based on the mean of peak survey totals at the
same sites per year (Figs. 5-7). These elfins all had a relatively high mean in
1994 and low means in 1996 and 1997. Brown and hoary elfins were most
similar in fluctuations and were the only species pair (in all combinations of
values in Figs. 5-7) to correlate significantly in annual means (Spearman
rank r",,+0.806, n=7 years, p<0.05).
These peak survey totals varied little among years and sites for two
elfins (0-5 individuals for brown and 0-4 for hoary elfins), but one site each
for frosted and eastern pine elfins had much higher peak survey totals than
the other sites (Table 10). These "outlier" sites had by far their highest sur
vey totals in 1998 (Figs. 6-7), and with these outlier sites included, both
elfins had their highest annual means that year. But excluding the outlier

u,
00

Table 8. Dates (MDD; e.g., 426 = April 26) of phenological events for olympia marble, frosted elfin, and spring Karner blue adults, and
spring Karner blue larvae, in subregion 2 for each year during 1992-1999.
Frosted elfin

marble
none l
1992
1993
1994
1995
1996
1997
1998
1999

505
426

first 2
505
511
510
502
507
506
428
413

last3
528
605
601
606
606
612
513
526

none 1
506,518
505
505,509
507,513
428
413,428

first 2
520
511
510
515
520
506
505
504

peak4
601
605
517
530
528
604
513
511

max. 5
601
601
517
522
528
526
513
511

Karner blue
last 3
601
605
601
614
612
612
526
602

none 6
602,610
606,622
604,606,613
625,626
623
602,622
608

13 7
518
511
510
516
520
506
428
504

108
518
519
510
516
520
506
506

none 1
521
527
520
530
530
526
512
519

first 2
526
601
522
531
601
527
513
522

lLast date no adults were observed prior to the first date adults were observed, based only on visits to sites where the species was
ever recorded.
"First date adults were observed.
3Last date adults were observed.
4Date with highest mean relative density (individualslhour per unit survey), if>1 site surveyed that date.
5Date with highest relative density on a single survey.
6First date no adults were observed after the last date adults were observed, based only on visits to sites where the species was ever
recorded.
7First date 13 mm or larger spring larva was observed.
8First date with mean of 10 mm or larger for spring larvae, if >1 larva observed that date.
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Table 9. Spearman rank correlation coefficients of relative density (individualslhr, per
unit survey) with geography, timing, and weather factors, with * for p < 0.05 and ** for
p < 0.01. N = 546, 482, 713, and 899 unit surveys, respectively, during the elfin species'
flight period in all subregions in range.
Brown elfin
Geography
Latitude
Longitude
Timing
Crepuscularityl
Time of day
Weather
Percent cloud cover
Percent sunshine
Temperature
Wind speed

Hoary elfin

Frosted elfin

Eastern pine elfin

+0.153**
+0.008

+0.212**
+0.228**

+0.148**
+0.035

-0.031
-0.005

-0.130**
-0.063

-0.044
+0.016

-0.113**
+0.044

-0.156**
-0.098**

+0.005
+0.008
-0.029
+0.026

-0.046
+0.070
-0.054
-0.007

-0.062
+0.040
+0.083*
+0.015

-0.059
+0.011
-0.026
+0.011

INumber of hours from noon CST. A higher number is more crepuscular (i.e., nearer to
sunrise/sunset.

5
- . - Brown Elfin (7 sites)
---0--

Hoary Elfin (5 sites)

4
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Figure 5. Mean survey totals for brown and hoary elfins on the peak survey
per site each year during 1993-1999 in subregion 2 (Fig. 1). For each species,
all analyzed sites had recorded the species in at least one of the analyzed
years and had been surveyed each year in the species' flight period.
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Figure 6. Mean survey totals for frosted elfin on the peak survey per site
each year in subregion 2 (Fig. 1), both as all sites and as all sites except for
the outlier site (Highway X, Table 10), which is presented separately. All ana
lyzed sites had recorded the species in at least one of the analyzed years.
Nine sites (top) aud 17 sites (bottom) were surveyed each year in the species'
flight period during 1992-1999 and 1994-1999, respectively.
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Figure 7. Mean survey totals for eastern pine elfin on the peak survey per
site each year during 1992-1999 in subregion 2 (Fig. 1), both as all sites and
as all sites except for the outlier site (Stanton, Table 10), which is presented
separately. All analyzed sites had recorded the species in at least one of the
analyzed years and had been surveyed each year in the species' flight period.

Table 10. Variation among years in peak survey totals, as analyzed for population
monitoring of frosted and eastern pine elfins (Figs. 6-7), between the outlier site with
the highest survey total and the other sites. Outlier sites had the highest relative den
sity (individualslhr).
Outlier site
Frosted elfin, 1992-1999
Frosted elfin, 1994-1999
Eastern pine elfin, 1992-1999

Other sites

mean

range

mean

9.4
12.2
5.8

1-36
5-36
0-26

0.8
0.9
1.1

0-7

0-7
0-16

sites, these elfins' annual means in 1998 were much lower than in two or
more other years. For both frosted and eastern pine elfins, peak survey totals
at the outlier site did not relate significantly in Spearman rank correlations
with the annual means for the other sites.
We calculated annual means for frosted elfin both for 9 sites during
1992-1999 and 17 sites during 1994-1999. Annual means for these two
groups of sites covaried significantly (Spearman rank correlation r = +0.886
including outlier site and r +0.870 excluding it; n = 6 years, p<0.05).
For the sites analyzed from 1992 or 1993 through 1999, the proportion of
sites with any individual(s) of the species recorded on the peak survey was
similarly low for all analyzed elfins in 1993 and high in 1994 (Fig. 8). Other
wise these proportions were desynchronized among years, and no species
pairs related significantly in Spearman rank correlations. Within species,
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Figure 8. Percent of peak surveys each year with the elfin species recorded as
present at sites analyzed for population monitoring from 1992 or 1993
through 1999 (Figs. 5-7), by year.

this presence/absence proportion did covary significantly in Spearman rank
correlations with the annual mean of peak survey totals (cf. Fig. 8 to Figs.
5-7) for brow>!, hoary, and frosted elfins (for this last species, both including
or excluding outlier site), but not for eastern pine elfin. For both frosted and
eastern pine elfins, the outlier site (as described in Table 10) had the highest
rate of presence on peak surveys and all surveys.
For brown, hoary, and eastern pine elfins, the proportion of peak surveys
recording the species per year was <50% in more than half the years (Fig. 8).
In the majority of years, the median of the peak survey totals was O. For
frosted elfin, with the outlier site included (as in Fig. 8), this proportion was
<50% in three years and >50% in five years (median always 1). Excluding the
outlier site, this proportion was <50% in three years, at 50% in three (with a
median of 0.5 individuals-this being the mean between 0 and 1 as necessi
tated by the even number of sites analyzed), and >50% in two (median al
ways 1). For all analyzed elfins (with or without outlier sites), positive medi
ans were usually 1 and never >2. Use ofthe median would alleviate skewing
of the mean annual index by the outlier site in the outlier year, but at great
loss of resolution, since the medians reduced the analysis nearly to pres
ence/absence, with absence usually occurring in more years than presence.
When these sites were ordered by the proportion of years any individ
ual(s) of the species were recorded in the peak survey, slopes were fairly lin
ear (Fig. 9), with brown very similar to hoary elfin, and frosted to eastern
pine elfin. For the proportion of all surveys during the species' flight period
with any individual(s) recorded, all four elfins had similar curvilinear de
clines (Fig. 10).
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Figure 9. Percent years each elfin was recorded as present on the peak sur
veys at each site analyzed for population monitoring from 1992 or 1993
through 1999 (Figs. 5-7), in descending order of percent.
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Figure 10. Percent surveys each elfin was recorded as present on the peak
surveys at each site analyzed for population monitoring from 1992 or 1993
through 1999 (Figs. 5-7), in descending order of percent.

•

64

THE GREAT LAKES ENTOMOLOGIST

Vol. 33, No.1

DISCUSSION
Since the study sites in subregion 2 were strongly biased toward frosted
elfin habitat (areas with wild lupine, the larval host), the relative abundance
of frosted elfins in this study, compared to brown, hoary, and eastern pine
elfins, is not representative of their distribution and abundance in that sub
region overall. The latter three elfins often occurred in frosted elfin localities,
but also in a variety of sites lacking lupine. Thus, the more localized occur
rence of the frosted elfin, relative to these three elfins, is not readily appar
ent from summary statistics of our results (Table 1). Henry's elfin also oc
curred in non-lupine sites, but very few were recorded anywhere in this
study. It is unclear whether we would have encountered more Henry's elfins
if we had surveyed other places, but it is highly likely we would have
recorded brown, hoary, and/or eastern pine elfins in additional sites (bogs,
pine plantations, sandy uplands lacking lupine) had we visited them.
Detectability also affects the relationship between numbers seen and ac
tually present. We observed all the study species flying upward out of sight,
particularly in interactions with other elfin(s), but it is our impression that
the species with herbaceous or short shrubby hosts (brown, hoary, and
frosted elfins) seemed more often to perch below eye level and engage in hori
zontal flight. It is unclear what host(s) Henry's elfin uses in Wisconsin, but it
and eastern pine elfin (tree host) readily flew skyward when disturbed. We
observed all the study species to engage in rapid flight we could not track,
but frosted elfins tended to be most sedentary and short and slow in flight
(Swengel 1996). All these factors would make the frosted elfin relatively
more detectable than the other elfins.
Elfin flight periods. Comparisons of these elfins' cumulative flight
spans between Michigan and Wisconsin (Table 3) suggest that, with more
records in more years, the span for Henry's elfin in Michigan will likely in
crease, as should those for brown, hoary, and eastern pine elfins in Wiscon
sin. Despite the eastern pine elfin being the most widespread and abundant
elfin in Wisconsin (Ebner 1970, Opler 1995, this study), the fewest records
were available for determining its cumulative flight span, since Ebner (1970)
described its flight period without precise dates and records for this common
species are rarely published (Leuschner 1974-1975, Winter 1980-1982, Pre
ston 1983-1991, McKown 1992-1994, Minno and Minno 1995, Tuttle
1996-1999). By contrast, Nielsen (1999) determined Michigan flight spans
for all the elfins based on decades of records. Thus, the longer spans reported
for more elfins in Michigan than Wisconsin (Table 3) agree with the positive
correlation of number of observed individuals with flight spans in this study
(Table 6). However, for individual species, a threshold seemed to occur above
which additional recorded individuals did not contribute significantly to an
increased flight span in a given year (Table 6). This limit is likely reached
more quickly within a given year because of the constraints of phenology on
flight period. When pooling records from many years, the very wide range of
phenologies allows a much larger cumulative span than observed in a single
year (Table 4).
For all elfin study species, the mean and median observation dates in the
earliest year(s) occurred before the first observation date in the latest year(s)
(Table 4). Even the long-term mean and median dates occurred before the
first date in the latest year(s) for all species except all these dates were the
same for frosted elfin (Table 4). Despite considerable dissociation among
years in flight periods, they did overlap at least some in most years. During
1994-1999, the flight periods of the four analyzable elfins in individual years
averaged about half the cumulative flight span for all those years. Since
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flight spans for butterflies are often reported as first and last dates from a
pool of years (e.g., Glassberg 1999, Nielsen 1999), these percents provide
some indication of how much of that span a flight period is likely to cover in
a given year.
In contrast to the considerable phenological variation between the
Karner blue and gypsy moth (Lymantria dispar L.) (Herms et a1. 1997),
frosted elfin phenology corresponded to that for olympia marble and Karner
blue rather consistently (Table 8), especially given the approximate dating in
this study since we could not sample every day or every other. To obtain and
apply these phenological markers in future surveys, a pool of sites should be
sampled, since a single site may have low numbers of these other butterflies
in those year(s). Based on a pool of sites, olympia marble adults, and then
mature Karner blue larvae, appear before frosted elfin adults, and the first
spring Karner blue adult indicates that the frosted elfin flight period is
around peak or maximum by about :1:1 week. These phenological markers
would be particularly useful in surveys for frosted elfins at sites where few (if
any) may be seen, as it still appears possible to validate the appropriate time
for fielding surveys.
Weatber, timing, geograpby. Analyses indicated virtually no signifi
cant effects of weather on observed densities of the four analyzed eifins
(Table 9), and we recorded them in broad ranges of weather conditions. Three
elfins significantly related to time of day, especially nearness to noon (Table
9), although all were detected in a wide range of daily timing. Three elfins
significantly related to latitude and/or longitude within their Wisconsin
range. Thus, it appears that location within range and daily timing, as well
as flight period timing (discussed above) are more important for elfin detec
tion than weather, within the broad range of conditions in which any butter
fly activity is apparent.
Population monitoring. In a few years, abundance was higher or lower
for eifins generally (Fig. 8), but only brown and hoary elfins correlated signif
icantly with each other in annual fluctuations. Thus, the elfins' marked an
nual fluctuations (Figs. 5-7) were desynchronized for most species-pairs.
Some de synchronization also occurred within species, based on non-correla
tion of annual indices between the outlier and other sites for frosted and
eastern pine elfins (Figs. 6-7; see Results). An outlier site experiencing an
outbreak year can heavily influence the mean annual index, which would
then become a less accurate representation of the annual fluctuation for the
pool of sites.
For frosted elfin, nearly doubling the pool of sites from nine to 17 did not
markedly alter the analysis of annual fluctuation, since their mean annual
indices covaried significantly. This implies that the smaller pool was suffi
cient to characterize annual fluctuations. However, this was a narrow analy
sis. All sites had ever recorded the species during the period of analysis and
we recorded presence at slightly more than half the sites in >50% of the
years. If these proportions were lower, a larger number of sites would be nec
essary. Moreover, to obtain the sample of sites used in the analysis, we actu
ally conducted consistent surveying at additional sites of plausible habitat
where we failed to record frosted elfin. Since this analysis only covered six
years, we did not address turnover (extirpation and founding of populations),
which is an important element of long-term population monitoring. A sample
of nine sites would likely be inadequate for robust population monitoring
over the long term, especially for a rare species with typically low density
populations, volatile flight period timing and abundance, and potential popu
lation turnover.
At only one monitoring site for one species (Highway X for frosted elfin)
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was the species recorded as present in each year we monitored, although the
frosted elfin was the elfin we most concentrated on finding each year (by fo
cusing site selection in subregion 2 on frosted elfin habitat). While all moni
toring sites had at least one record of the elfin species being monitored, some
sites may not have supported regularly resident populations of the species.
But other sites likely did, yet with frequent observations of the species at
these sites, we still did not record the species there each year, much less on
each survey during the species' main flight period. The percent sites where
the species was recorded as present covaried significantly with that year's
annual mean of the peak survey totals (Figs. 5-7) for most analyzed elfins.
This indicates that the ability to document presence of an elfin relates to the
species' abundance (annual fluctuation) that year.
Summary. Since elfin abundance and phenology vary considerably
among years, the appropriate time for detecting these species' adults must be
determined individually for each year. For the frosted elfin, it was especially
valuable to survey the Highway X corridor often within and among years, as
this was our most reliable site for observing this species. Given the fewer and
more erratic observations at the other sites, we could have become discour
aged and ceased surveying them before the flight period was over, although
we sometimes obtained the survey with peak (or any) numbers at these sites
late in the flight period. With the intensity of surveying and types of popula
tions sampled here, our results indicate that it is unlikely an elfin species
will be recorded each year even at sites where resident populations likely
occur consistently. In the last few years, we recorded some elfin species only
on one date in all of subregion 2, although we visited a number of sites with
regular occurrence of species throughout the season of its cumulative flight
span. Since the ability to demonstrate presence of these elfins varies among
years due to variation in annual abundance and flight period length, assess
ments of their status and abundance cannot be reliably based on surveys at
only a few sites or in a few years.
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