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NOTES O N PHALERIA ROTUNDATA LECONTE
WITH DESCRIPTION OF THE L A R V A
(COLEOPTERA: TENEBRIONIDAE)
Ian Moore
Department of Entomology, University of California, Riverside, California 9 2 5 0 2

I n 1956 I presented a discussion of the Coleoptera indigenous to the seashore of
Pacific North America. I divided the fauna into zones and subzones based o n type of
shore and reach of tide. Among the genera listed were two of the family Tenebrionidae,
Epantius (now called Apsena) and Phaleria. Each of these is represented in southern
California by a single species in decaying seaweed o n sandy beaches. The first of these,
Apsena obscura LeConte, is found only in the dry or nearly dry seaweed left o n the
berm of the beach by the highest tide of each tidal period (Moore's Zone 2, subzone A).
A. obscura is sometimes common but not nearly as common as the second species,
Phaleria rotundata LeConte. P. rotundata is unusual among the Coleoptera of this fauna
in that it is one of the few species to be commonly encountered in two separate subzones.
It is often abundant in both decaying seaweed and dry seaweed (Moore's subzones 2A
and 2B). It is one of the most common insects of the southern California seashore.
Phaleria rotundata is a medium sized stout, oval beetle of a color very near that of
seaweed, a moderately pale brown. Some specimens arc darker particularly in the center
of each elytron. Populations of certain beaches tend to be consistantly darker than those
of other nearby beaches. Such a dark population exists at La lolla Shores, San Diego
County, California. That beach has been kept so clean of seaweed by the County Park
Department for so many years that the population is endangered. Limitation of such
populations t o small restricted beaches indicates that gene flow in this species may be
slow along the coast. The distribution of rotundata is from an unknown distance south in
Baja California t o at least middle California. I t appears t o b e replaced in the north by P.
globosa LeConte (Hatch, 1957).
With adults of rofitndata are often found the larvae of a tenebrionid. Because these
larvae are abundant and are found in both subzones 2A and 2B i t seems clear that they
are not larvae of Apsena obscura. They most probably are larvae of rotundata.
Larvae of tenebrionids, often called false wueworms, are known t o feed on vegetable
matter in the form of roots of small grains, stored grains and fungus (Peterson, 1957).
Presumably both adults and larvae of this species feed o n seaweed. Larvae of a few
Nearctic species of tenebrionidae have been described and illustrated by Boving and
Craighead (193 1) and Peterson (1957).
LARVA O F PHALERZA ROTUNDATA LECONTE
Length 10.0 mm (largest specimens). Body (Figs. 1 , 2) elongate, slender, parallel
sided; in lateral view a slender crescent shape. Color pale brown with the dorsum of the
thorax somewhat paler and the mandibles black at apices. Head oval, a little wider than
long with a black eye spot o n each side, without distinct ocelli. Epicranial suture absent.
Labrum gently arcuate with a few fine setae a t apical margin. Antenna1 fossae located at
sides of head above the bases of mandibles. Antennae (Fig. 3) three-segmented; first
segment about as long as wide; second segment slightly wider and not quite twice as long
as first; third segment little more than one-third as wide as second, about as long as wide.
Mandibles (Fig. 4) symmetrical, massive, with a tooth o n the well developed mola and
three heavy teeth at apes, arcuate at outer edge. Maxillary palpus (Fig. 5 ) threesegmented; first segment widest, about as wide as long, second segment a little narrower,
about as wide as long; t h u d segment slightly narrower than second, one and one-half
times as long as wide, apex rounded. Mala elongate-oval with a series of curved setae at
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Figs. 1-2. Habitus, larva of Phaleria rotundata LeConte. Fig. 1. Dorsal view. Fig. 2.
Lateral view.

apex and along the inner edge. Libial palpus (Fig. 6) two segmented; first segment about
as long as wide, second segment a little narrower and slightly longer than first, narrowed
at apex. Pronotum quadrate, slightly longer than wide, anterior margin with a short
anteriorly directed lobe in central third, sides and base straight with angles minutely
rounded. Mesonotum and metanotum quadrate with apices, sides and bases straight.
Abdominal tergites each quadrate, about as wide as long. Abdomen very slightly
narrowed from base to apex, last segment (Figs. 7, 8) trapezoidal with a deflexed apical
tooth and a small tooth at each outer apical angle, without urogomphi.
Many specimens from La Salina, Baja California Norte, Mexico, August 13, 1971,
taken among decaying seaweeds, Ian Moore collector.
The most outstanding character of this larva is the shape of the terminal abdominal
segment which distinguishes it from known tenebrionid larvae and will probably help t o
distinguish it from other such larvae when these become known.

THE GREAT LAKES ENTOMOLOGIST

5

b

Figs. 3-6. Larva of Phaleria rotundata LeConte. Fig. 3. Antenna. Fig. 4. Mandible. Fig. 5.
Maxilla. Fig. 6. Labium.

Figs. 7-8. Terminal abdominal segment, larla of Phaleria rotundata LeConte. Fig. 7 .
Lateral view. Fig. 8. Ventral view.
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GENETIC DIFFERENCES I N RESISTANCE OF
SCOTCH PINE TO EASTERN PINESHOOT BORER^
Kim steiner2

Scotch pine (Pinus sylvestris L.) is the most common plantation Christmas tree in the
northeastern United States. In its large native range, covering much of Europe and Asia,
this species is valued highly for timber. Its adaptability t o various sites and uses is partly
a result of its high degree of genetic variability. For example, varieties differ widely in
cold resistance, winter foliage color, growth rate, and needle length.
Unfortunately, however, Scotch pine may be damaged by several insect pests. One of
these is eastern pineshoot borer (Eucosma gloriola Heinrich). According t o Drooz (1960),
this insect is native to the area east of the Rocky Mountains in Canada and the northern
United States, and attacks many important conifers. Its favorite hosts are Scotch pine
and eastern white pine (Pinus strobus L.).
Drooz discussed the distribution, life history, and damage caused by the eastern pineshoot borer. The eggs are laid o n the needle sheaths of new growth and hatch in late
spring. The larvae bore into the expanding new shoots and, once inside, feed on the pith.
Normally only one lama occupies a shoot. I n mid-summer they emerge to pupate, girdling
and nearly always killing the twigs in the process.
The damage inflicted by this insect is easily visible in the autumn and early winter as
dead, drooping twigs o n the outside of the tree crown. A high incidence of attack results
in stem crooks and forks and poor appearance. Wilson (1972) reported that annual height
growth of an attacked tree may b e reduced as much as two to four inches.
King (1971) found genetic differences within jack pine (Pinus divaricata (Ait.)
Dumont) in resistance t o attack by eastern pineshoot borer. He measured three Wisconsin
and Michigan plantations of a provenance test started in 1952. Ten years after planting,
the proportion of attacked trees varied from 11 to 35% among the 26 seedlots.
The objectives of the present study were t o determine if there are genetic differences
within Scotch pine i n resistance t o attack b y this insect and to determine the importance
of such differences t o Scotch pine growers.
MATERIAL AND METHODS
Attack by eastern pineshoot borer was measured in three lower Michigan plantations
of Scotch pine. These were planted in 1961 by the Michigan Agricultural Experiment
Station as part of the NC-99 (formerly NC-51) rangewide provenance test of this species.
The plantations were established with 2-0 seedlings grown from seed obtained in 112
native stands of Scotch pine. In this study the offspring of a single stand are referred to
as a seedlot.
The plantations follow a randomized complete block design with an 8-ft spacing
between trees. Each plantation contains 8 to 10 blocks, and each seedlot is represented
once in each block b) a 4-tree plot. Further details of the history and design of these
plantations can be found in Wright and Bull (1963). Plantation descriptions follow.

l ~ h research
e
reported here was supported by a National Science Foundation Graduate Traineeship and is based o n a M.S. thesis submitted t o Michigan State University. The
experimental material used in t h e study was provided through funds from the NC-99
project "Forest Tree Improvement through Selection and Breeding." The author acknowledges the help of Drs. G. H. Fechner, J. P. King, R. A. Read, R. H. Smith, D. P. White,
L. F. Wilson, and J. W. Wright. These people offered many helpful hints in the conduct
of the work and in the preparation of t h e manuscript.
2 ~ r a d u a t eTeaching Assistant, Department of Forestry, Michigan State University,
East Lansing, Michigan 48824.
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Allegan Recreation Area, near Allegan, Michigan. Site level and sandy; plantation
well separated from other conifers; survival, 89%; average height in 1971 (age 11
from planting), 13.5 ft. Measured in 1968 (moderate infestation, 32% of trees
attacked) and 1970 (heavy infestation, 93% of trees attacked).
Rose Lake Wildlife Experiment Station, 10 miles northeast of East Lansing,
Michigan. Site rolling; plantation bordered on one side by a large Scotch pine
windbreak; survival, 92%; average height in 1971, 17.2 ft. Measured in 1969
(moderate infestation, 40% of trees attacked) and 1970 (heavy infestation, 83% of
trees attacked).
W. K. Kellogg Experimental Forest, 15 miles from Battle Creek, Michigan. Site
hilly; plantation surrounded by older plantations of other pine species; sumival,
92%; average height in 1971, 17.6 ft. Measured in 1970 (moderate infestation, 39%
of trees attacked).
Eastern pineshoot borer began to invade these plantations sometime before 1968.
Counts of successful attacks, dead shoots, were made at the above plantations in the
years indicated. In all cases presence or absence of attack was tallied for each tree. In
addition, the numbers of attacks per tree were counted at all plantations in 1970. Both
types of data were analyzed t o determine the significance of variety and seedlot-withinvariety differences for each plantation.
RESULTS
For convenience the seedlots were grouped according to the taxonomic varieties recognized by Ruby and Wright (in press). There were large differences among varieties in
resistance to attack by eastern pineshoot borer-some were attacked more than ten
times as much as others in the same plantation. The differences were statistically significant in all three plantations and in every year that they were measured. On the other
hand, variation among seedlots within varieties was nonsignificant in most sets of data.
Therefore, the genetic variation in resistance can be adequately described by comparing
variety means.
Both measurements, attacks per tree and percentage of trees attacked, gave similar
results (Table I ) , but the ranking of varieties was more consistent among plantations
when percentages were used to indicate resistance. This measurement was most reliable in
years of moderate attack. When infestation was heavy even relatively resistant trees often
had at least one attack, so that many varieties had nearly 100% of their trees attacked
(Table 1). Therefore, relative resistance is best expressed as the percentage of trees
attacked in each variety, combined for those years in which the respective plantations
were moderately attacked (Allegan 1968, Rose Lake 1969, and Kellogg 1970).
DISCUSSION
King (1971) found in jack pine that fast-growing seedlots were most resistant to
eastern pineshoot borer and that slowgrowing seedlots were least resistant. There is no
such linear relationship between growth rate (or height) and degree of resistance in
Scotch pine (Table 2). For the most part, short varieties were most resistant and varieties
of intermediate height were least resistant. The tall varieties were intermediate in resistance. Consequently, varieties uralensis and armena were almost equal in height but very
different in resistance.
Variety lapponica was, by a considerable margin, both the most resistant and the
shortest of the varieties. Resistance may have been a function of height in this variety.
Those trees were so short (many less than three feet when attacked) that they probably
escaped encounter by insects more often than trees in other varieties. But considering all
varieties it is unclear what function, if any, height may have in resistance of Scotch pine
to attack by eastern pineshoot borer.
Resistance varied noticably with the lattitude of origin of the trees. Northern varieties
were most resistant and southern varieties least resistant. The amount of yellow pigment
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Table 1. Differences among Scotch pine varieties in attack b y eastern pineshoot borer.
Variety
of Scotch
pine

Percentage of trees
attacked in years of
Moderate
Heavy
(*)
attack
(7)
attack
%

Attacks per tree, 1970
Allegan

Rose
Lake

Kellogg

No.

No.

No.

.8
4.0
4.1

.9
3.1
3.9

.1
.3
.4

Russian and Siberian Varieties
83
2.7
82
4.7

2.0
2.5

.3
.2

2.0
3.7
1.7
2.6
5.5
3.1

1.1
.7
.6
.6
.8
.5

10.1
9.3
7.4
9.1
4.7
5.6
7.8

.6
1.3
1.O
1 .O
1.O
1.2
1.0

-

%
Scandinavian Varieties
50
87
90

lapponica
septentrionalis
rigensis

5
21
31

rnongolica
uralensis

19
19

polonica
hercynica
carptica
haguenensis
pannonica
'East Anglia'

37
41
41
38
47
36

scotica
iberica
aquitana
subil lyrica
illyrica
rhodopaea
armena

Western and Southern Eurasian Varieties
41
100
58
96
4.4
49
96
4.7
56
97
44
93
4.5
53
97
5.9
51
97
6.0

Central European Varieties
88
89
86
85
93
79

3.0
3.6
2.9
2.8
5 .O
-

(*) 1968 data from Allegan, 1969 data from Rose Lake, and 1970 data from Kellogg.

(1) 1970 data from Allegan and Rose Lake.
in the foliage during winter also varies with the lattitude of origin of the trees. Consequently, resistance was correlated with winter foliage color (I = 0.76, with 67 degrees of
freedom). Varieties which have yellow foliage in winter were most resistant t o eastern
pineshoot borer, and varieties which have green foliage in winter were least resistant
(Table 2). In Michigan the color change from yellow t o green usually occurs in April, and
this insect species oviposits in late April or early May. Thus, it remains uncertain whether
winter foliage color is a part of the mechanism of resistance t o eastern pineshoot borer.
The time at which shoot growth begins in the spring is another character which varies
with the latitude of origin of the trees. In Michigan the adult insect emerges about the
same time as Scotch pine is bursting bud, but northern varieties burst bud one t o two
weeks earlier than southern varieties. This could b e the source of variation in resistance if
adult insects prefer shoots and young needles of certain lengths for oviposition. Conclusive evidence on this point must await more detailed observations.
Wright er al. (1967) and Wright and Wilson (1972), working with the same material
used in the present study, found that varieties of Scotch pine differ in resistance t o two
other insects: European pine sawfly (Neodiprion sertifer (Geoff.)) and pine root collar
weevil (Hylobius radicis Buch.). The varietal resistance patterns to these insects d o not
conform with the pattern of resistance to eastern pineshoot borer (Table 2). The varieties
most susceptible to the other two insects are from central Europe; the varieties most
susceptible t o eastern pineshoot borer are from southern Europe.
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Table 2. Co~nparisonbetween resistance t o attack by eastern pineshoot border and other
traits of Scotch pine varieties.
Percentage of trees attacked by
Variety
of Scotch
pine

Eastern
European
Pine root
pineshoot
pine
collar
borer
sawfly (*)
weevil
(t)
-

%

%

%

Height
at age 11
from
planting ($)

Winter
foliage
color ($)

Ft.

1 = yellow
1 0 = green

lapporrica
septetltrionalis
rigensis

5
21
31

Scandinavian Varieties
0
14
2
38
6
45

8.4
13.0
15.1

1.O
2.6
3.4

mongolica
uralensis

19
19

Russian and Siberian Varieties
1
30
3
40

13.0
16.1

1.6
1.2

polonica
hercynica
carpatica
haguenensis
pannonica
'East Anglia'

37
41
41
38
47
36

Central European Varieties
19
67
20
44
19
53
26
65
20
45
26
55

19.0
18.9
19.6
20.3
18.2
19.7

5.6
7 .O
6.5
8.0
7.3
8.5

scotim
iberim
aquiratza
sub illj~rica
illyrica
rhodopaea
armem

Western and Southern Eurasian Varieties
41
6
18
58
11
17
49
10
12
56
12
11
44
19
10
53
9
19
51
7
12

17.1
14.5
16.7
17.6
16.4
16.5
16.2

8.4
9.7
9.4
7.9
7.6
8.3
8.7

p
p
p
p

(*) Adapted from Wright e t al. (1967).

( t ) Adapted from Wright and Wilson (1972).
($1 From plantation records at Michigan State University. Color measured at ages 3 to 9.

APPLICATION OF RESULTS
Damage from eastern pineshoot borer is of most importance in the ornamental and
Christmas tree industries. For these purposes, moderate growth rate (to avoid the need
for excessive shearing) and green winter foliage color are i~nportant traits. So the
southern and western Eurasian varieties are the ones most commonly planted. Unfortunately, these varieties are also least resistant to eastern pineshoot borer. Of this
group, varieties scotica and illyrica were most resistant, though they lack the best winter
foliage color that some less resistant varieties have (Table 2). 'East Anglia' is considered a
suitable Christmas tree variety and had a moderate degree of resistance.
No variety is best in all respects and compromises must be made in selecting one to
plant. Such decisions are best made if the grower knows which insects are abundant in
his area, how easily they can be artificially controlled, and the pattern of genetic variation in the tree species under consideration. Possessing this knowledge, he may then
choose the variety which best combines resistance to the most important insect with
desirable growth and foliage characteristics.

-
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SUMMARY
Three lower Michigan plantations of a Scotch pine provenance test have been attacked
by eastern pineshoot borer. These plantations were established i n 1961 with seedlings
originating from 112 native stands distributed throughout the large natural range of this
species. Two of the plantations were measured for attack in 1968 and 1969, respectively,
and all three were measured in 1970. The proportion of trees attacked varied from 32 t o
93%.
The differences among Scotch pine varieties in resistance t o this insect were highly
significant in all sets of data; in nearly all cases, however, the differences among seedlots
within varieties were nonsignificant. Resistance was correlated with latitude of origin and,
consequently, with winter foliage color and date of bud burst. Yellow varities from
northern regions burst bud earliest and were most resistant; green varieties from southern
regions burst bud latest and were least resistant. Resistance was not related t o growth
rate. The varieties of Scotch pine most suitable for ornamental and Christmas trees in
other respects are least resistant to eastern pineshoot borer.
LITERATURE CITED
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NEGLIGIBLE FEEDING RESPONSES BY BIRDS TO VARIATIONS
I N ABUNDANCE OF THE BUDWORM, CHORISTONEURA PINUS
(LEPIDOPTERA: TORTRICIDAE)
William J. Mattson
USDA Forest Service, North Central Forest Experiment station'
St. Paul, Minnesota 5 5 101
Recent studies have emphasized that to evaluate the potential importance of any predators in prey regulation it is necessary to consider their functional (feeding) and numerical
responses to variations in prey abundance (Holling 1959, Buckner 1966, 1967). For
example, preliminary data from a study of bird predation on the jack pine budworm
(Choristoneura pinus Freeman) in Michigan indicated that budworm consumption by the
common resident birds in jack pine (Pinus banksiana Lambert) forests was only weakly
related to observed budworm abundance (Mattson et al. 1968). This note reports further
evidence to substantiate the preliminary data.
During the summers of 1965 through 1968, four to eight specimens of each of the
three most common resident birds-black-capped chickadee, Pams atricapillus L.; brownheaded cowbird, Molothrus ater (Boddaert); and chipping sparrow, Spizella passerina
(Bechstein)-were collected from the Panola jack pine plains in Iron County of Upper
Michigan. In addition, during 1965 and 1966, similar numbers of specimens were collected from jack pine forests in Crawford County of Lower Michigan. Collecting was
done on clear days between the hours of 8 AM and 6 PM while budworm populations
were in the late-larval and pupal stages-usually the last week of June and f i s t week of
July. Bird gizzards were preserved in formalin until dissection to obtain counts of larval
mandibles and pupal cremasters. Concurrently, budworm populations were measured by
scientists from the University of Michigan (Foltz e t al. 1968, Foltz et al. 1972).
RESULTS AND DISCUSSION
The gut contents of birds, were used as point measures of their rate of feeding on
specific foods. For example, Mook and Marshall (1965) concluded that pupal cremasters
found in gizzards of the olive-backed thrush (H~llochichlaustulatu (Tschudi)) represented
about 75% of the birds' actual consumption in the 2 hours before death. Gage r t al.
(1970) concluded that counts of larval mandibles and pupal cremasters found in the
digestive tracts of three bird species (two warblers and one sparrow) represented approximately 35% of their actual consumption in the 2-112 hours before death.
In this study, budworm populations varied from incipient to moderate outbreak levels
(i.e., 4 to 33 late-stage larvae and pupae per 100 branch tips, or about 94,000 to 802,000
per acre). Four insects per 100 tips caused negligible defoliation whereas 33 caused light
to moderate defoliation which resulted in conspicuous browning of tree crowns.
Consumption of late-stage larvae and pupae by chipping sparrows and chickadees
showed little or no change over the wide range of budworm intensities (Table 1). In
other words, these birds probably consumed as many budworms at the lowest level of
insect abundance as they did at the highest. Data derived by Holling (1965) and Buckner
(1967) on vertebrate feeding responses to increasing concentration of prey typically produced S-shaped functional response curves which eventually plateaued. Therefore, these
data suggest that the birds had already reached such a consumption plateau for budworms at the lowest observed abundance (4 per 100 tips).

' ~ 0 1 t h Central Experiment Station, U. S. Department of Agriculture, St. Paul,
Minnesota 55101 (station maintained in cooperation with The University of Minnesota).
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Table 1. Mean numbers* of budworms per gizzard for three bird species at different budworm population intensities.
--

-

Budworm Population lntensity (Number Per 100 Tips)
Bird Species
Chipping sparrow
B. C. chickadee
B. H. cowbird

4

5

12t

261

28

33

1966

1965

1966

1965

1968

1967

7 . 4 f 1.7

8.6 f 2 . 1

4.6f0.5

8.9 5 2 . 7

8.4f2.0

5.3 f 1.4

3.8 f 0.2

-

37.6 f 8.5 19.3 f 5.8 11.4 f 1.3

-

10.2 f 1.5 13.3 f 6.4
7.8f1.2

6.3f1.6

34.4 f 3.0 27.2 f 3.2

*Means f 1 standard error where sample size ranged from 4 t o 8.

f Data from Crawford County, Lower Michigan. Other data from Iron County, Upper
Michigan.

Consumption of budworms by cowbirds is more difficult t o interpret because of
variations in their behavior between areas and years. For example, at Panola in 1965 and
1968, as well as in Lower Michigan in 1966, the cowbirds fed individually or in small
groups rather than with nonresident blackbirds in large flocks, which occurred in 1966
and 1967 at Panola. When the birds fed more individually (at budworm intensities 5 , 12,
and 28), there was probably a two- to threefold increase in consumption with a two- to
fivefold increase in budworm abundance. When cowbirds fed in large flocks of blackbirds
(at budworm intensities 4 and 33), consumption rates did not differ even though budworm populations varied eightfold. This suggests that flocking stimulated the birds to
feed at their maximal rate at the lowest budworm intensity.
These data also imply that unless the resident birds could have responded numerically
their impact would certainly have decreased as budworm numbers increased above 4 per
100 tips. Mattson et al. (1968) concluded that it was unlikely that birds could make a
sufficient numerical response (barring large immigrations of nonresident birds) during
brief outbreaks when the insect can increase tenfold or more between years, as occurred
at Panola during 1966-1967. Therefore, it appears that the ability of resident birds t o
function as cybernetic regulators of budworm numbers is probably greatest when budworms are at endemic levels-somewhere below 4 per 100 tips in this case. Morris (1963)
made a similar conclusion in a study of the spruce budworm (C.fumiferana (Clem.)).
However, even a t these levels the impact of bird predation can b e variable and possibly
insignificant because of fluctuations in the relative abundance of alternative, desirable
foods.
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DIURNAL SAMPLING OF THE INSECT COMPLEX OF ALFALFA
Robert F. Ruppell
Department of Entomology, Michigan State University, East Lansing, Michigan 48823

The appearance of the alfalfa weevil, Hypera postica (Gyllenhal), in Michigan in 1966
(Dowdy 1966) necessitated intensive testing of methods for its control. There is a
con~plexof insect pests in alfalfa, and the effects of control measures for alfalfa weevil
on these other pests needed t o be considered. An efficient sampling method that
measures as many species of the complex as possible was needed. Preliminary tests of the
author showed that 20 sweeps with an insect net of 15 in. diam., a standard sampling
tool for alfalfa, was satisfactory for sampling the insect complex. A means of separating
the insects from the plant debris collected in t h e net, and information on the time of day
that samples should be made were needed. Satisfactory answers to thesc two problems
were found and are summarized here.
SEPARATING THE INSECTS
Efficient methods of sampling, labeling the samples, and separating the insects from
the debris were found by a series of trial-and-errors during the 1968 and 1969 seasons.
Quart-sized wide-mouthed jars 114 full of 70% ethanol were used. A strip of masking tape
with a sample identification written on it was fastened t o the top of each jar. The insect
net was used t o make the samples, the entire contents of the net were emptied into the
jars, and the jars taken t o a Laboratory. The samples could b e stored, with more 70%
ethanol added t o them as needed, until it was convenient t o separate the insects from the
debris.
A 1 0 in. diam. funnel with a 14 in. length of 518 in. diam. Tygon tubing fastened to
it was filled with 70% ethanol. Hose clamps were placed at the upper and lower end of
the tubing. A 4-mesh hardware cloth basket was placed in the funnel, the insect sample
emptied into the basket, and the upper clamp opened. The basket was shaken in the
ethanol to dislodge the insects from the debris. The insects sank through the ethanol into
the tubing while most of the debris either floated or was trapped in the basket. Use of
70% ethanol was important as some insects floated in lower concentrations and some
debris sank in higher concentrations of ethanol. The upper clamp was closed when the
insects had all settled in the tubing. A 4-ounce wide-mouthed jar was placed under the
tubing, the lower clamp opened, and the insects collected in the jar. The masking tape
label from the quart jar was transferred t o the 4-ounce jar t o identify the sample. The
sample could be stored until convenient t o sort and count the different insect species.
A 7 in. by 11-112 in. enamel pan about 2 in. deep was filled with sufficient 70%
ethanol t o cover the insects in the sample for counting. The insect sample from the
4-ounce jar was emptied into the pan, any debris removed, the insects sorted by species
and stages, and counted. Sorting was facilitated by having only enough ethanol in the pan
to cover the specimens. The insects could b e returned to the 70% ethanol in the 4-ounce
jar for later examination when desired.
The sampling method described has proved efficient for studies of the insect complex
of alfalfa and can be adapted t o other studies. Its special advantages when large number
of samples are taken are: speeding up the collection of samples in the field; minimizing

he author expresses his gratitude t o Messrs. J. Velarde and S. L. Taylor of Michigan
State University for their capable assistaqce, and to Dr. C. Van den Brink of the United
States Department of Commerce for supplying the weather data for this work. Michigan
Agricultural Experiment Station Journal Article Number 6640.
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escapes of insects from the net; facilitating separation of the insects from the debris; and
preserving specimens for identification until time permits. The last point is very
important, even when smaller numbers of samples are taken, as the identification of the
specimens can be varified if there is question of their identity. This point permitted the
use of inexperienced personnel, with supervision, in making the counts.
DIURNAL SAMPLING
Two large fields of vigorous alfalfa near East Lansing, Michigan, were sampled at 6:00,
10:00, 14:00, 18:00, and 21:OO hours EST on 1 3 August and again on 24 September,
1969. Samples of 20 sweeps with a 15 in diam. insect net were made in five areas of
each field (in each corner and the central area) as suggested by Blickenstaff (1966). The
samples were separated and counted as described above. Statistical analyses were made
using the chi2 tests of independence.
There were light winds and no precipitation that would interfere with sampling during
both dates. The weather during the two days was otherwise very different with 13
August being warm and dry and 24 September being cool and moist (Table 1). The
collections made at 6:00 hours were at dawn or low sun, and those at 21:OO hours were
made in darkness. The samples made at 18:OO hours were in full sun on 1 3 August and
in low sun on 24 September.
The insects that were found in sufficient numbers to yield reliable results on the
effect of time of collection on sampling were: grubs and adults of the alfalfa weevil; all
stages of the pea aphid, Acyrthosiphon pisum (Harris), and tarnished plant bug, Lygus
lineolaris (Palisot de Beauvois); and adult meadow spittlebug, Philaenus spumarius (L.).
The potato leaf hopper, Empoasca fabae (Harris), that is usually abundant in mid-to-late
summer was scarce in the samples. The pea aphid was too abundant in the collections
made on 24 September to justify counting, and the volume, in cc, of pea aphids collected
on this date was recorded. The other species and the pea aphid collected on 1 3 August
were counted.
Except for the adult meadow spittlebugs collected on 1 3 August, the differences
between the numbers of insects collected in the different areas of the fields were significant on both dates of sampling (Table 2). Except for the alfalfa weevil grubs on both
dates, the differences between the numbers of insects collected at different times of day
were significant on both dates of collection (Tables 2 and 3). The interactions of area by
time were not significant on either date of collection except for the pea aphid and
tarnished plant bug on 13 August (Table 2). There were significant differences in the
numbers of insects collected in the different fields on the same date and in the same field
on different dates with the exception that the number of alfalfa weevil grubs collected on
the different dates were not significant (Table 2). The interaction of date by field was
significant for all insects (Table 2).

Table 1. Summary of weather in East Lansing, Michigan, o n 1 3 August and 24 September,
1969.
TIME
Sunrise
Sunset
6:00 hrs.
10:OO hrs.
14:OO hrs.
18:OO hrs.
21:oo hrs.

1 3 AUGUST
TEMP..FO
RH.%

24 SEPTEMBER
TEMP.,FO
RH ,%

5 :47 hrs.
19:47 hrs.
63
62
79
84
80

6: 32 hrs.
18:37 hrs.
92
100
45
45
52

50
54
54
51
48

100
100
100
100
100
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Table 2. Significance of differences between samples of the alfalfa insect complex drawn in
different areas, i n different fields, o n different days, and a t different times o f day*.

Factors

Date

-

Areas
Time
Area X Time
Fields

Alfalfa
weevil
Grubs

Alfalfa
weevil
Adults

Meadow
spittleBug
-

Pea
Aphid

**
**
**
**
**

13 Aug.
24 Sept.
13 Aug.
24 Sept.
13 Aug.
24 Sept.
13 Aug.
24 Sept.

Tarnish
plant
Bug

~p

**
**
**

**

Date
Field X Date

* A * indicates significance at 5% level, a ** indicates significance a t the 1% level, and "ns"
indicates no statistical significance as determined by a chi2 test of independence.
No analysis made as t h e counting methods differed in t h e t w o dates. The pea aphids were
obviously more abundant on 24 September than o n 13 August.

Table 3. Mean numbers of alfalfa insects collected a t different times of day o n 13 August
and 24 September, 1969.
Insect

Date

6:OO

1O:OO

Time, hrs. EST;
14:OO
18:OO

21:OO

-

Alfalfa weevil grubs

13 Aug.
24 Sept.

20
18

33
18

24
26

28
17

30
22

Alfalfa weevil adults

1 3 Aug.
24 Sept.

70
4

49
17

34
20

76
47

160
31

Pea aphid

776
13 Aug.
24 S e ~ t . ~ 292

1822
362

1430
370

1832
322

698
249

Tarnished plant bug

13 Aug.
24 Sept.

457
274

368
176

244
191

401
259

460
192

Meadow spittlebug adults

13 Aug.
24 S e ~ t .

17
114

14
84

7
107

5
119

16
69

aTotal volume, in cc, of pea aphids collected on 24 September was recorded as there were too
many pea aphids t o justify counting.

The test shows that samples of alfalfa weevil grubs can be taken at any time of day.
The results also show that the area of a field sampled is extremely important and that
there is marked field-to-field variation in alfalfa pests. Pooled samples from at least five
areas of each field, as suggested by Blickenstaff (op. cit.), should be the minimum used
t o sample a field. Later work has shown that a t least five fields should be sampled to
derive reliable estimates of tarnished plant bug populations in alfalfa o n a single date
(Romero 1972). The time of day that the sample was made will also affect the results,
except for the grubs, with date or weather. There was no single "best" time for sampling
all species. The alfalfa weevil adults, tarnished plant bug, and meadow spittlebug were all
most abundant in the early morning and late afternoon. Daylight appears to be an
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important factor with these insects. Their numbers dropped between 18:OO and 21:OO
hours on 24 September when the temperature dropped from 51" t o 48"F, respectively. It
appears that samples made on warm evenings give the most reliable sweep net samples of
the complex. The only exception to this would be an underestimation of the population
of the pea aphid. A striking result of the present test is that a 40-fold error in population
estimates from sweep samples is possible if time and area sampled are ignored.
LITERATURE CITED
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Entomol. Soc. of America 12(1):29-30.
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EMERGENCE PATTERN O F STONEFLIES (PLECOPTERA)
IN O T T E R C R E E K , W I S C O N S I N 1
Richard P. ~ a r and
f ~ William L. ~ i l s e n h o f f ~

Until recently, little was known about life cycles of stoneflies in the Great Lakes
region. Frison (1935) and Harden and Mickel (1952) reported dates of collections of
adult stoneflies in,Illinois and Minnesota respectively, and thus suggested emergence
patterns for midwestern species. But, as Harper and Pilon (1970) point out, the duration
of the emergence period cannot b e determined solely from adult collection records
because of the relatively long life-span of adults. Recent studies i n Quebec (Harper and
Magniri 1969, Harper and Pilon 1970) and Ontario (Harper and Hynes 1972, Harper
1973a, 1973b) have added significantly t o our knowledge of the life cycles and ecology
of eastern Nearctic stoneflies.
With increased emphasis o n the use of stoneflies as indicators of water quality, a
knowledge of their life histories and ecological requirements becomes very important. We
undertook this study t o determine emergence patterns and general ecological requirements of Plecoptera in southern Wisconsin. Otter Creek was chosen because it is the only
stream in the southern third of Wisconsin with a rich stonefly fauna. I t originates from
springs in a n unglaciated area of Sauk County about 30 miles northwest of Madison
( T l l N , R6E, S29) and flows south t o the Wisconsin River. It is a soft water stream (total
alkalinity 14-18 ppm CaC03) that is low in nutrients (total N 0.12-0.14 ppm and total
P 0.02-0.04 ppm) as determined from winter and summer low flow measurements. The
portion of the stream that was studied descends 300 feet in 2 miles (Fig. 1) over granite
rocks and through a forest of mixed hardwoods and conifers. In this area, levels of
dissolved oxygen remain near saturation throughout t h e year and water tetnperatures
range from - l o t o 19' C. The pH ranges from 7.2 in winter t o 6.2 in summer. Typical
flow volumes are 12 ft3/sec (flow rate 2.0 ftlsec) in spring and 2.8 ft3/sec (1.5 ft/sec) in
summer at site 1 , and 0.4 ft3/sec (1.1 ft/sec) in spring and 0.4 ft3/sec (0.9 ft/sec) in
summer at site 4.
METHODS
Six collection sites were established (Fig. 1). Sites 1, 2, and 3 were 150 ft. sections of
stream characterized by rock and gravel pools and rock riffles (Fig. 2). Site 4 was a 100
ft. section of a continuous rock and gravel riffle. Site 5 (Fig. 3) was a 100 ft. headwaters
section of the west tributary. Site 5a was a 100 f t . section of this tributary 0.6 miles
below site 5. Only winter and early spring collections were made at sites 5 and 5a
because access t o these sites was unattainable during the spring thaw. Adults were collected every 6 t o 8 days from September 1968 t o November 1969 b y sampling the
streambanks, rocks in the stream and all objects adjacent to the stream. Species determinations were made using keys and descriptions by Harden and Mickel (1952), Harper
and Hy nes (1 97 I ) , Hilsenhoff and Billmyer (1973), Needham and Claassen (1925), Ricker
(1952), Ricker and Ross (1968, 1969) and Ross and Ricker (1971).
A program of rearing was carried o u t during the study period to obtain species that
might otherwise be missed. Bottom debris was gathered from sites 1 to 4; no stoneflies

' ~ e s e a r c h supported by the College of Agricultural and Life Sciences, University of
Wisconsin, Madison, and by the Wisconsin Department of Natural Resources.
2 ~ i s c o n s i nDepartment of Natural Resources, 3911 Fish Hatchery Road, Route 4,
Madison, Wisconsin 5 37 11
3 ~ e p a r t m e n tof Entomology, University of Wisconsin, Madison, Wisconsin 53706
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Fig. 1. Location of sampling sites on Otter Creek.
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Fig. 2. Sampling site 2 in early spring.

were reared from sites 5 and 5a. Samples were placed in incubators made from 2 refrigerators that had their light switches shunted to provide continuous light. Temperatures (t
1°C) were maintained a t 1.5"C Jan. 5-10, 3OC Jan. 11-March 5, S°C Mar. 5-April 17, 6°C
Apr. 17-23, 18'C Apr. 23-May 1 8 , 19°C May 18-August 18, 20°C Aug. 18-Sept. 21, and
17°C Sept. 21-30.
RESULTS
The distribution, abundance, and emergence patterns of stoneflies in Otter Creek are
summarized in Table 1. Emergence began in January when species of Allocapnia appeared
and continued through September with Leuctra tenuis. The emergence of most Allocapnia in February and early March was closely followed by two other winter stonetlies,
Taeniopteryx nivalis and Paracapnia angulata in March and early April. Nemoura similis
emerged in April and was the only species t o begin emerging during that period. The
remainder of the species emerged mostly in late spring and early summer. This pattern of
emergence was similar t o that observed by Harper and Hynes (1972) in Ontario where
many of the same species occur. The most abundant species were Allocapni~pygmaea, T.
nivalis, and P. anplata. Allocapnia nivicola, Leuctra sibleyi, L. tenuis, Zealeuctra narfi,
and Isoperla cotta were rare. Allocapnia illinoensis, A . nivicola, and A . vivipara were
confined t o sites 5 and 5a, while L. sibleyi, L. tenuis, Z. narfi, and Allocapnia rickeri
were restricted to the lower reaches of the study area. Adults of most species were both
caught in the field and reared; however, L. tenuis and Acroneuria 1)~coriaswere obtained
only from reared material.
There was an apparent relationship between water temperature and emergence in
many species. The study area had the typical continental climate of interior North
America consisting of a large temperature range (-42" t o 34'C) with frequent short
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Fig. 3. Sampling site 5 in early spring.
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period changes (Fig. 4). Precipitation also varied sporadically from normal during the
study period (Fig. 4) with heavy snowfall throughout the 1968-69 winter. The relationship of temperature and other factors pertaining t o emergence are discussed below under
each species in order of their emergence. Additional details can be found in Narf (1972).
Allocapnia vivipara (Claassen, 1924) was collected almost exclusively in spring areas
from mid-January t o early-March (Table 1). Adults were found o n rock and leaf mats,
and none were observed more than 10 ft. from the stream. Harper and Hynes (1972)
report this species emerging slightly later than A. pygmaea in Ontario.
A ~ [ o c Q pygmaea
~ ~ ~ Q (Burmeister 1839), the most abundant species, was found mostly
in faster water (Table 1). Emergence began in mid-January and continued through March.
Stream temperatures at emergence were 0.5-1.5"C and incubator temperatures were 3'C.
Adults were taken from all objects adjacent t o the water as this species appeared to
restrict its movements t o the proximity of the stream. During the first half of February
females outnumbered males in the field by about 2 to 1, but thereafter males predominated by more than a 2 t o 1 ratio. In reared material, this trend did not appear and
if anything was reversed, so no plausible explanation can be given for field observations
of changing sex ratios. Harper and Hynes (1972) found males and females to have
identical emergence patterns, and reported emergences to b e triggered by increases in air
temperatures. In Otter Creek, slight rises in water temperature may trigger emergence,
since stream temperatures frequently rise to 0.5 or l.O°C during the winter in response to
above normal air temperatures and warm water from springs. This occurs even though
more than 90% of the stream ren~ainscovered with ice.
Allocapnia illinoensis Frison 1935 was taken along with vivipara from headwater
spring areas (Table 1) where massive amounts of oak leaf debris lodged among the rocks.
Peak emergence was from late February to mid-March.
A[locapnia rickeri Frison 1929 was uncommon at sites 1 and 2 from late-January t o
mid-March.
Allocapnia nivicola (Fitch 1874) was rare (Table 1). Three adults were collected from
rocks and leaf mats in early March.
Taeniopteryx nivalis (Fitch 1847) adults were collected mainly from partially submerged leaf mats from late February to April (Table I), with males emerging about 10
days before females. Males predominated in field collections, probably because many
females climbed t o upper tree branches and were not collected. Reared material produced
an equal sex ratio. Teneral females were often met at the waters edge for copulation by
fully sclerotized males. No teneral males were observed copulating. Stream temperatures
were l.S°C and incubator temperatures 3°C at the start of emergence.
Paracapnia angulata Hanson 1961, the second most abundant species, emerged mostly
from late March t o Mid-April. Emergence was slowed by a temperature drop from 5" t o
1°C on April 1, but continued as temperatures again rose. Emergence in the incubators
began when the temperature was 3°C. Females only slightly outnumbered males in
reared material, but outnumbered them 2 to 1 in the field, indicating that the males
dispersed widely or had a shorter life span.
Nemoura sirnilis (Hagen 1861) began emerging in early April, and although adults
were occasionally encountered through May, emergence was apparently over by April 20.
Stream temperatures at the time of emergence increased from lo t o g°C. Reared adults
began t o emerge in March when the temperature was raised from 3" to S°C.
Zealeuctra narfi Ricker and Ross 1969 was described from 10 specimens collected on
April 29, 1967 from tree trunks at site 1 where they hid in crevices of the bark. This
species was not taken during the study period and is apparently restricted t o slower and
deeper areas of the stream below site 1.
Nemoura delosa Ricker 1952 emerged from late May into mid-June (Table 1). There was
no gradual buildup of adults, b u t a nearly spontaneous burst about May 20 and decreasing
numbers until only a few emaciated females remained in late June. This differs from
observations by Harper (1973) of a prolonged emergence. Adults were collected from leaf
mats, boulders, and alders. Stream temperatures rose from 2°C (March) to 18'C (May)
because of warmer air temperatures and solar radiation. From May 10 to 20 the temperature

Vol. 7, No. 4

THE GREAT LAKES ENTOMOLOGIST

-

Ln

0

rn

T e m p e r a t u r e

-

,.

I

.u

I

Table 1 . Numbers of adult stoneflies collected and reared from Otter Creek and ueriods of collection.
Site Number
Species

Source

Total

Collection
Period
-.
-. -.
-

-- -.

100%

---- -. ..-

-

-

-

.-

-

- Feb.

+
w

50% or More

4

P

Allompnia vivipara

Field

Jan. 1 8 - Mar. 22

Peb. 8

22

A . pygmaea

Field
Reared

Jan. 1 8 - Mar. 22
Jan. 22 -Mar. 29

Feb. 15 -Mar.
Feb. 8 -Mar.

Feb. 22 -Mar. 15

1
8

A . illinoensis

Field

Jan. 1 8 -Mar.

A . rickeri

Field
Reared

Feb. 8
Jan. 31

- Mar.

A . nivicola

Field

Feb. 22

-

Taeniopteryx nivalis

Field
Reared

Feb. 22 Apr. 5
Feb. 11 - Mar. 24

Mar. I -Mar. 15
Mar. I -Mar. 15

Paraca pnia arlgulata

Field
Reared

Mar. 8 -May 19
Jan. 31 - Apr. 17

Mar. 22 - Apr. 19
Mar. 22 - Apr. 5

Field
Reared

Apr. 5 -May
3
Mar. 1 8 - Apr. 27

Apr. 5
Apr. 5

14
19

P
E

N. delosa

Field
Reared

May 2 5 - J u l y
May 9 - J u l y

May 25 - June 8
May 18 - J u n e 1

50

Isoperla clio

Field
Reared

May 25
May 9

Field
Reared

May 25 - June 2 8
May 18 -May 24

I. dicala

Field
Reared

May 25 -July
May 9 - J u n e

13
8

Leuctra sibleyi

Field
Reared

May 25 - J u n e
May 9 -May

28
27

Acroneuria 1.vcorias
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dropped from 18' to 12OC as the tree canopy developed and then increased steadily t o a
maximum of 19°C in July. N. delosa began emerging at the time of the mid-May
temperature decline.
Isoperla clio (Newman 1839) was represented by one reared female and 1 male captured
in the field (Table I), although nymphs were frequently encountered at sites 1-4. This was
the only species that did not adjust well to conditions in the incubators, the nymphs often
dying in the rearing chambers.
Isoperla cotta Ricker 1952 was rare from late-May t o late-June, and nymphs were
infrequently seen in material taken for rearing.
Isoperla dicala Frison 1942 emerged in late-May and early June, with males appearing
before the females (Table 1). One female was collected as late as July 13. Adults were found
on moss and leaf mats close to the water, and none were observed more than 25 ft. from the
stream.
Leuctra sibleyi, Claassen 1923 emerged in-June and was represented by only 6 adults that
were taken off tree trunks. It is a very good flier, and probably dispersed widely.
Acroneuria lycorias [(Newman 1839) adults were not collected, although nymphs and
exuviae were abundant in most sections of the stream. We suspect that the adults inhabit the
tree canopy, making collection almost impossible. Five adults were reared; all emerged in May.
Paragnetina media (Walker 1852) nymphs were commonly collected from sites 1, 2, and
3, but only 1 adult was found (Table 1). I t was collected in early June, coinciding with peak
emergence from the incubators. Twenty adults were reared, emerging from late-April to
early-July.
Leuctra tenuis (Pictet 1841) was not collected in the field. Thirty adults were reared from
May 18 t o September 2, 1969.
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T H E SOURCE OF TOWNEND GLOVER'S
"AMERICAN MOTH TRAP"
Ronald S. Wilkinson
The Library of Congress, Washington, D.C. 20540

In an earlier paper (Wilkinson, 1969) I suggested that Townend Glover (1 81 3-83), the
fust United States Entomologist, was the "Mr. Glover" credited with the invention of the
first known portable light trap for the collection of study specimens, announced in the
English Entomologist's Monthly Magazine (Knaggs, 1866). The history of the well-known
"American Moth Trap" was traced in my 1969 paper. but I had not then discovered the
obvious antecedent of Glover's device.
There was a long tradition in entomological and other literature by the mid-nineteenth
century suggesting the use of movable lights (lanterns) t o attract insects: a refinement of this
method was the placing of a lainp inside a tent or open-windowed room t o form a sort of
rudimentary "trap." It would be supposed that these ideas might have suggested an obvious
combination, a portable light trap for moth collectors. Quite possibly Glover had them in
mind, but the Glover trap announced by Knaggs had quite a distinctive origin before it was
redesigned for the purpose of furnishing specimens t o entomologists.
Glover's extensive work on cotton pests has been noted by his biographer (Dodge, 1888).
He made a special study of the several noctuids which combined forces to wreak havoc in the
cotton fields of the American South. In his 1856 paper on "Insects Frequenting the Cotton
Plant, " Glover explained that "several methods of destroying insects on plantations and
elsewhere have been recommended, one of which is the use of fire or burning torches. The
innumerable myriads of nocturnal moths, being attracted by the lights, burn their wings as
they hover around, and are either destroyed at once, or disabled from flying about to
deposit their eggs in distant parts of the field. A species of lantern has been used for
entrapping such as are attracted by light, and with some success. It is formed of a top,
bottom, and back, inade of wood, with a glass front and sides, a little more than a foot
square, according to the size of the glasses used. The front is supported by a pillar at each
corner; on the inside of the back of ihe lantern is fastened a tin or glass reflector. The three
glazed sides consist of two panes, sliding in grooves, made in the top and bottom boards,
and meeting in the middle at an angle of about 120°, instead of one pane, as in common
lanterns. These panes can be slipped in and out, so as to leave a space open between them,
larger or smaller as may be desired. A lamp is placed in the centre of the bottom, protected
from insects and wind by a common glass chimney, which protrudes through a hole in the
top. All the bottom of the box inside of the glass having been previously cut away,
excepting a circular place on which t o put the lamp, it is then deposited on avessel or barrel
covered with cloth, having an aperture cut in i t corresponding with the bottom of the box,
and the vessel beneath, containing molasses, or some other adhesive substance. The insects
which may be flying about will be immediately attracted by the light, and approach the
angle of the panes until they shall have entered the aperture, when, once within, and not
being able to fly out again, they will come in contact with the heated glass chimney, and
thus be precipitated into the vessel beneath, in which they will perish" (Glover, 1856).
Glover's report5 were certainly read by a number of educated planters, but probably due
t o the complexity and expense of the "lantern" which he described, as well as its small area
of attraction when compared t o the size of a cotton field, and the consequent necessity of
employing many "lanterns" in adjoining fields t o achieve a good result, the trap does not
seem to have been widely used. Glover himself turned t o more efficient means of destroying
cotton pests (indeed he mentioned the trap as only one possible method). By 1879, when J.
Henry Comstock's extensive Report upon Cotton Insects was published, there were many
sorts of traps in use t o kill moths in the cotton fields, and most of these were light traps.
But, it is evident from Comstock's lengthy appendix of interviews that few planters
depended on them.

