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DESCRIPTION O F T H E NYMPH O F CENTROPTILUM WALSHI
( E P H E M E R O P T E R A : BAETIDAE), W I T H BIOLOGICAL N O T E S ~
Edward A. Bergman and William L. ~ i l s e n h o f f ~
ABSTRACT
The nymph of Centroptilum walshi McDunnough is described. C. wal~hiappears to be
bivoltine in Wisconsin, with emergences throughout June into early July and from late
August to early November. Mature nymphs were smallest when stream temperatures were
the warmest. The nymphs were closely associated with Ranunculus sp., and numbers
increased when the Ranunculus beds became more dense.

Information on life histories and ecology of species of Centroptilum is limited because
nymphs of many species are either unknown or have not been associated with their
respective imagoes. This paper describes the nymph, life history, and habitat of
Centroptilum walshi McDunnough (1 929).
The investigation was conducted on Carter Creek, Adams County, Wisconsin, (T. 19N,
R. 7E, S. 26) at Highway G. This small spring-fed stream flows through interspersed
deciduous forest and meadows. The streambed is mostly silt with scattered beds of
Ranunculus sp. and the stream banks at this site are lined with shrubs and grasses, some
of which are partially submerged in the stream. At the sampling site the stream is
approsimately 5.4 m wide and 40 cm deep with little seasonal change. During the
sampling period current velocites ranged from .09 to .15 m/sec and water temperatures
ranged from 4°C to 21°C.
Carter Creek was sampled twice monthly from April through December, 1975,
monthly in February and March, 1976, and twice a month in April and May, 1976.
Samples were taken by holding a D-frame aquatic net (1 mm mesh) against the bottom of
the stream and disturbing the substrate upstream by kicking with one's foot. Samples
were collected for one minute, sorted for baetids in the field, and preserved in 70%
ethanol. In the laboratory nymphs were examined under a dissecting microscope,
separated to species, and counted. Growth was determined by measuring head capsule
width to the nearest .05 mm at its widest point using a binocular microscope with an
ocular micrometer. Emergence periods were indicated by the presence of nymphs with
black wing-pads. Sexes were separated when nymphs had head capsules .50 mm wide or
wider.
Adult male walshi have been previously reported from Iowa, Illinois, Kansas and
Manitoba (Daggy, 1941). Adults were reared in the laboratory from nymphs collected
from Carter Creek and identified using the keys of Traver (Needham et al., 1935), Daggy
(1941) and Burks (1953). Adult male walshi can be separated from other Wisconsin
species by their brilliant lemon yellow eyes (live), white abdomen with a yellowish tinge
and black spiracular lines, and by the shape of their genitalia (McDunnough, 1929). Male
imagoes change color rapidly after death making identification difficult.
C. walshi appears to be bivoltine in Wisconsin. It winters as eggs, which hatch in early
May. In 1975, emergence occurred from 6 June through 3 July and from 21 August
through 3 November. No mature nymphs were collected on 16 July and 6 August, and
this apparent gap in emergence was considered the end of the first generation and the
beginning of the second. Nymphs disappeared from Carter Creek between 17 November

lResearch supported by the College of Agricultural and Life Sciences, University of
Wisconsin, Madison, and by a grant from the Wisconsin Department of Natural Resources.
2 ~ e p a r t m e n of
t Entomology, University of Wisconsin, Madison, WI 53706.
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and 4 December, 1975, probably succumbing to low stream termperatures that typically
occur in central Wisconsin in late November.
Growth varied seasonally, presumably with changes in stream temperature regimes.
Maximum head capsule widths of mature nymphs were .90 mm for males and .75-.80 mm
for females and occurred in early June, and from September to November when stream
temperatures were cooler. From late June through August, when the stream was warm,
head capsule widths of last instar nymphs averaged .10 mm less.
Numbers of nymphs appeared to vary with the condition of beds of Ranunculus sp.,
which they used as their principal substrate. As the condition of Ranunculus beds
improved throughout the summer of 1975 and into the following spring, greater numbers
of nymphs were collected. Only 19 walshi nymphs were collected on 23 May, 1975,
while on 29 May, 1976, 379 nymphs were collected. A series of 896 nymphs and 8
reared adults are housed in the University of Wisconisn collection. Although there are
probably only four or five species of Centroptilum in Wisconsin, the nymphs are not
known well enough to provide a workable key.
DESCRIPTION OF NYMPHS OF CENTROPTZLUM WALSHZ
(Fig. 1)
(Mature male nymphs in 70% ethanol, females similar except as noted).
Length: 5.0-5.5 mm, Tail filaments: 2.0 mm
Head: Tan, narrowly darker along inner and posterior margins of eyes and along arms
of epicranial suture above antennae; a pair of very small, dark-brown spots on front just
below fork in epicranial suture; clypeus narrowly infuscate across base; dark brown spots
laterally at base of labrum.
Pronoturn: Bordered with brown; pale mesally and brown laterally with two pale areas
within brown lateral areas: a pair of narrowly-separated, small, dark spots near posterior
margin of mesal pale area
Mesonotum: Marked irregularly with tan and brown; a prominant dark brown spot at
base of each wing pad; a pair of small dark spots mesally near posterior margin and often
with darkened areas just anterior to these spots.
Metanotum: Light brown with a pair of small, narrowly separated dark spots mesally
near posterior margin.
Abdominal Terga: Terga 1, 4, 8 and 10 mostly pale; 5 and 9 pale anteriorly and dark
posteriorly; 3 dark anteriorly and pale posteriorly; 2, 6 and 7 predominantly dark with a
pair of pale oblique lines and dots anteromedially; each tergum with a large dark brown
spot at middle of lateral margin; tergum 1 with a pair of dark spots anteriorly and a
mesal posterior dark spot; paired tiny dark mesal dots on segments 1-8, difficult to see
on dark segments; in females pigmentation tends to be more unicolorous with fairly
diffuse, paired light areas mesally on terga 2-5 and 8-10.
Tail Filaments: Cerci and median filament of equal length, each pale with a broad
brown band just past middle and another at tip.
Gills: Rounded with pinnately branched tracheae; branching of tracheae limited, rarely
with more than four or five short branches; base of gills reddish in recently collected
nymphs.
Legs: A large brown spot on coxa; femur with large brown spots on outer face near
base and just past middle, and with distal projection brown at apex; similar markings on
inner face less distinct; tibia and tarsus with a brown band in basal half; tarsus usually
with a narrower apical band also and occasionally somewhat darkened between bands;
tarsal claws long (0.25 mm), gently curved, and extremely slender in distal two-thirds;
claws without denticles, but with a double row of fine, short setae ventrally in basal half.
Ventor: Thoracic sterna pale mesally, dark brown laterally; abdominal sterna 1-5
progressively darker, with 6 and 7 brown; sterna 8-10 pale with lateral dark blotches;,
dark blotches laterally on sterna 2-5 and a dark posterior border mesally on sterna 3-5;
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Fig. 1. Male nymph of C. walshi with gills removed from left side to show color pattern.

Drawing by Sarah Gerould.
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sternum 6 with a pair of large sub-mesal pale areas; sternum 7 pale mesally; all sterna
pale along lateral margin, except at extreme edge where dark spot on terga can be seen.
LITERATURE CITED
Burks, B. D. 1953. The mayflies or Ephemeroptera of Illinois. Bull. Ill. Nat. Hist. Surv.
26(1): 1-216.
Daggy, R. H. 194 1. Taxonomy and biological investigations of Minnesota mayflies
(Ephemeroptera). Ph.D. thesis, Univ. Minn.
McDunnough, J. 1929. Notes on North American Ephemeroptera with descriptions of
new species, 11. Can. Entomol. 61:169-180.
Needham, J. G., J. R. Traver, and Y. C. Hsu. 1935. The biology of mayflies with a
systemic account of North American species. Comstock, Ithaca.
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MATING FLIGHTS OF EPHORON ALBUM
(EPHEMEROPTERA: POLYMITARCIDAE) IN MICHIGAN
Kenneth J. Kraft, D. Kent Johnson, and Richard H. sypniewskil
ABSTRACT
Mating flights of the mayfly Ephoron album (Say) were observed on the Sturgeon
River in Houghton County, Michigan, on five evenings between 16 and 22 August, 1977.
Peak emergence occurred about 30 minutes befqre sunset on 19 August and the flight
period lasted about two hours. Many more adult males than females were collected on
three evenings, but on one evening females greatly outnumbered males collected.

In August, 1977, we observed large numbers of Ephoron album (Say) (Ephemeroptera: Polymitarcidae) flying over the Sturgeon River in Chassell Township, Houghton
County, Michigan (Fig. 1A). The dense clouds of adults resembled those described by
Thomas Say in 1824, on the Rainy River (Needham, Traver and Hsu, 1935). E. album is
a moderate-sized, North American mayfly whose nymphs burrow in sand and gravel
substrates of larger rivers and shoal areas of large lakes. The nymph creates a current in
its burrow by moving the gills and feeds on organic matter strained from the water by
brushes on the forelegs and mouthparts. Britt (1962), in a study of this species in
western Lake Erie, found that the egg stage lasts about 8.5 months, the nymphal stage
about 3.5 months and the adult stage less than one hour..Britt reported adults emerging
from 25 July until 20 September, but the bulk of the emergence was in late July and
early August He found that the main emergence began each evening when the light
intensity dropped below 3.2 foot candles. The longest flight period he observed was 105
minutes on 5 August, 1949.
This white mayfly has been recorded from Ohio, Michigan, Indiana, Illinois, Iowa,
Minnesota, Nebraska, Montana, Utah, Idaho, Nevada, Washington, and Oregon (McCafferty, 1975). A single collection of 19 adult females from Berrien Springs, Berrien
County, Michigan, collected 14 July, 1962, by F. Giles, was listed as a new state record
by Koss (1970). Britt (1962) said that the distribution of album is not well known owing
to the short life span of the adult and the difficulty collecting nymphs. Britt found the
eggs would not hatch unless subjected to several weeks of near freezing temperatures
followed by temperatures above 1O0C, and believed that these temperature requirements
explained the relatively narrow north-south distirbution of this species between about 40"
and 50" north latitude.
OBSERVATIONS AND DISCUSSION
The mating flights were first observed about sunset on 16 and 18 August at the
mouth of the Sturgeon River. On 19 August systematic observations were made at three
stations along a 5 k m stretch of the river (Fig. 1B). The day was clear and bright. At
7:OOp.m. E.D.T. the air temperature was 13°C and the water temperature was 19'C. At
7:22p.m. the first adults were seen flying a few centimeters above the water in
mid-channel. About 8: 15 p.m. the number of adults suddenly increased and the air above
the river to a height of 1 to 2 m was thick with their white.bodies. The river surface was
covered with cast nymphal and subimago skins. Ducks, nighthawks, smaller birds, and fish
fed on the mayflies. The mayflies flew in horizontal paths upstream and downstream in
]Department of Biological Sciences, Michigan Tech'nological University, Houghton, MI
49931.
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Fig. 1. A shows the location of the study area in the Keweenaw Peninsula of the Upper
Peninsula of Michigan. B shows the location of the three observation stations on the
Sturgeon River near Chassell in Houghton County, Michigan.
about equal numbers. They were strong fliers and often were able to avoid capture by an
insect net. At stations 2 and 3 they avoided the edges of the river, but at station 1,
where the river was more exposed to a breeze, some landed on shore vegetation.
Only males molted in the winged stage. They landed on the water and on objects such
as snags, bridges, and canoes to molt. The average time required by six males to molt was
171 seconds (range 105 to 240 seconds) (see Thew, 1958, for description of subimago
molting). Many adult males flew with the subimago skin trailing behind, attached to the
cerci. Mating pairs remained in contact for only a few seconds. One pair was observed to
fall on the water. The male freed itself and flew off while the female remained on the
surface.
The maximum number of flying adults occurred between 8:30 and 8:45 p.m., at
which time dense clouds of mayflies covered the river to a height of 2 to 3 m. Sunset
occurred at 8:59 p.m., and air temperature was l l ° C at 9:08 p.m. At 9:00 to 9:15 p.m.
the number of flying mayflies decreased abruptly. The number in the air continued to
decrease until by 9:45 none were flying.
Mayflies were collected throughout this mating flight (Table 1). The ratio of males to
females was 67 t o 1. A collection made at station 1 on 18 August had a ratio of males to
females of 4 to 1.
On 21 August observations were again made at station 3. The day had been cloudy
until 6:00 p.m. when the skies cleared completely. At 8:00 p.m. adults began to fly, but
there were only about one-fourth as many as on 19 August. The river surface had
relatively few cast skins. The mayflies flew about twice as high as on 19 August. There
were only three males among the 319 mayflies collected.
In order to determine if time of capture affected the sex ratio in samples, collections
were made at 15 minute intervals at stations 2 and 3 on the evening of 22 August. The
number of mayflies was much reduced from 19 August and considerable effort was
required to capture 266 specimens. Table 1 shows that males were far more abundant
than females in all except one sample and, in that sample, the two sexes were about
equal. The overall ratio of males to females in the 22 August samples was 5 to 1.
Britt (1962) assumed the sex ratio of nymphs was equal and that winged males and
females emerged at the same time, but because winged females have a shorter life span
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Table 1. Number of Ephoron album males and females collected on the Sturgeon River,
Houghton County, Michigan, in 1977.
Date

Males

Station

Females

Ratio of
Males to Females

-

18 August
19 August
21 August
22 August

Station 1
Station 1
Station 2
Station 3
Station 3
Station 2
7:30-7:45 p.m.
7:45-8:00 p.m.
8:OO-8:15 p.m.
8:15-8:30 p.m.
8:30-8:45 p.m.
8:45-9:20 p.m.
Station 3
8: 15-8:30 p.m.
8:30-8:45 p.m.
8:45-9:00 p.m.
9:OO-9:15 p.m.

Total collected

and die within a few minutes, males predominate in the swarms. This would explain why
we found greater numbers of males than females in 14 of the 15 collections we took
(Table 1). But the 21 August sample at station 3 with 316 females and 3 males is a
puzzle. This collection was taken at the same location as the 19 August sample that had
a male to female ratio of 24 to 1. Do female nymphs respond differently than males to
weather conditions? The 21 August sample was taken on a day that was cloudy until
6:00 p.m. The Berrien Springs, Michigan, sample containing 19 adult females suggests that
female swarms may not be unusual.
E. album is quite likely a much more common species than present collection records
indicate. Persons interested in observing its mating flights and adding information about
behavior and distribution should be out along large rivers and lakes shortly before sunset
in July and August.
ACKNOWLEDGMENTS
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A MODIFIED METHOD FOR REARING MIDGES
(DIPTERA: CHIRONOMIDAE)
Peter G. Meier and Henry C. ~ o r r e s l
ABSTRACT
A small scale rearing chamber that provides a continuous source of different life stages
of Glyptotendipes barbipes Staeger for bioassay studies was developed. A modified glass
aquarium containing a substrate of shredded paper hand towels and artificial medium was
employed. The amount of protein fed to the larvae can be used to trigger peak
emergence, oviposition, and the rate of maturation. Fifty-three egg masses were sampled
and 68% were fertile. Ninety-five percent of these hatched and 85% emerged as adults.

Several methods have been described in the literature for rearing chironomids
(Diptera) under laboratory conditions. Biever (1965) cultured Chironomus sp. #51, C.
fulvipilus Rempel, C. monochromus van der Wulp, Pentaneura pilosella Loeu, Tanypus
grodhausi Sublette, and Micropsectra nifipilus Johannson. Hilsenhoff and Narf (1967)
grew Chironomus plumosus while Derr and Zabik (1972) presented a method for
culturing Chironomus tentans Fabricius.
Some problems were encountered in the application of the above listed methodologies
in rearing larvae of Glyptotendipes barbipes Staeger. Hilsenhoff and Narf's method
required too much laboratory space, while Biever's, and Derr and Zabik's techniques
produced a low percentage of fertilized egg masses. A combination of all three methods
with some modifications enables us to culture Chironomus tentans, Psectrotanypus sp.
and G. bmbipes
It is the purpose of this paper to describe the procedure employed in isolating and
culturing the sewage midge G. barbipes in a clean environment for biossay and
bioaccumulation studies.
MATERIALS AND METHODS
A stock culture of midges was maintained in a 38 liter aquarium which was covered
by a roof-like cover made of 0.6 cm plywood to allow mating space for the emerged
imagos (Fig. 1). The aquarium contained 12 liters of medium and was aerated continuously with two airstones. Two 1.3 m lamps, one Gro-Lux and one fluorescent, were
placed above this rearing house to provide a 16 hour fight and an 8 hour dark period.
Congregation of the imagos and enhancement of copulation was induced by placing a
night light outside near the top of the rearing chamber, which emitted a faint light during
the dark period. This procedure resulted in a higher percentage of fertile eggs which were
deposited into a white enamel pan containing Peter's osmotic solution (1921). From this
pan, egg masses were easily collected and adults removed with a wide bore pipette.
Ambient room temperature was maintained at 21"-22OC which simulated summer
conditions.
The substrate was prepared by blending 50 gm of shredded paper hand towels
(Nibroc, Brown Co., #23) and 2 g m food supplement (Sliver's Dog Treats, Gro-Kote,
Inc.) in 2 liters of distilled water for 5 minutes. This mixture was added to an aquarium
containing approximately 1 0 liters of Peter's medium. Late instar midge larvae were then
transferred to this suspension for culture.
l ~ e ~ a r t m e noft Environmental and Industrial Health, School of Public Health, The
University of Michigan, Ann Arbor, MI 48109.
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Fig. 1. Rearing chamber for chuonomid culture.

RESULTS AND DISCUSSION
Larvae of Glyprorendipes barbipes were collected with an aquatic hand net from the
local sewage lagoon and the late instars were transferred in the laboratory to the
culturing aquarium. After approximately a month, all life stages were present in the
rearing chamber. It is from this midge population that the following descriptive
observations were made.
Adults lived from 3 to 5 days, with males emerging several days prior t o the females.
Mating occurred immediately, but not in flight. Seventy-three percent of the females laid
eggs and 68% of these egg masses were fertile. The females usually died shortly after
oviposition. Fifty-three egg masses, ranging in size from 7 to 22 mm in length to 1.5 to
4.4 mm in width, were examined. The average egg mass was 15 mm long by 3 mm wide
and contained 503 eggs (S.D. ? 126). This differs from the data given by Sublette and
Sublette (1973) in which eggs per mass varied from 1500 to 2000.
Hatching occurred within 3 to 6 days at a mean water temperature of 22°C. Every
fifth fertile egg mass was sampled for hatchability. Out of seven samples examined, a
total of 3610 eggs were laid and 3432 larvae emerged resulting in over 95% hatchability
success. The early instars remained in the gelatinous matter of the egg mass for 2 to 3
days, after which they became free swimming. Immediately thereafter tube building
started, first on the walls of the aquarium and then in the substrate. Molting to second
instar occurred shortly after initial tube building.
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An 85% survival rate from hatching t o adult was recorded from seven randomly
collected egg masses. Of the 3432 fertile eggs, 2917 adults emerged with 481 larvae and
34 pupae dying during the maturation process. The most critical period appeared to be
the free swimming stage (Instar I) during which the greatest mortality occurred. The
pupal stage lasted from 2 to 5 days with death at this stage very low (<I%).
A temperature change of 5 3°C from 22'C had little effect on development time. At
19" and 25"C, maturation from immature to adult was 35 and 34 days respectively,
whereas 35 days was required for those exposed to 22OC.
The amount of protein fed to the larvae had a considerable effect on maturation.
Peak emergence and oviposition was triggered by increasing the food level 9 to 13 days
prior to the desired emergence. On the other hand, by reducing the food supply and by
lengthening the time interval between feedings, the developmental cycle of this midge was
retarded as much as 20 days. In experiments where larvae were fed 0.5 grn of Sliver's
every 10 days, maturation from the first instar to adult took 55 days. Approximately
2 grn of Sliver's Dog Treats provided sufficient food for 2500 to 3000 larvae for 4 days.
With the larvae and pupae occupying the lower chamber and adults mating in the upper
one, a continuous cycle was maintained.
CONCLUSION
This rearing technique enables one to maintain in a m a l l area a culture of midges
which over several generations can cleanse themselves of environmental pollutants. The
midge concentration can be manipulated by controlling the food supply in the substrate.
This system allows the researcher to select the life stages desired for experimentation.
Additionally, owing to the success in survival, it provides a method for carrying out
long-term chronic bioassays that could cause genetic alterations of successive populations.
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A NEW SPECIES OF PODAPOLlPlD MITE, A N D
A REDESCRIPTION OF TETRAPOLIPUS BLATTAE (OUDEIWANS)
(ACARINA: PODAPOLIPIDAE)
Robert W.

usb band'

ABSTRACT
A description of a new species of podapolipid mite, Tetrapolipus oudemansi,
associated with the Philippine cockroach, Panesthia angustipennis (Illiger) is presented.
Tetrapolipus blattae (Oudemans 19 11) collected from P. angustipennis from Java is
redescribed.

Tetrapolipus blattae (Oudemans 191 l), described from a single larviform female, was
placed by Oudemans in the genus Pediculoides. No mention was made of this species
when the family Podapolipidae was erected by Oudemans (1931). Vitzthum (1943) first
used the combination Tetrapolipus blattae and reports the species from both Panesthia
angustipennis and Periplaneta australasiae collected from Java. In an attempt t o find
males and adult females, the specimens of cockroaches examined by Oudemans were
reexamined and an additional specimen was found. A specimen of P. angustipennis from
the Philippines yielded a new species here described as Tetrapolipus oudemansi in tribute
to the numerous contributions t o acarology made by Dr. Oudemans. Tetrapolipus blattae
(Oudemans 1911) is redescribed and compared with T. oudemansi. An undescribed
species of Tetrapolipus from P. australasiae from Java is briefly mentioned as it is
probably the one which lead Vitzthum (1943) to change Pediculoides blattae to
Tetrapolipus blattae.
MATERIALS AND METHODS
Pinned cockroaches were placed in individual beakers of distilled water and heated to
approximately 50°C. for one half-hour. They were removed, placed over a Petri dish and
washed with 70% alcohol administered from a tube inserted in a plastic squeeze bottle.
Mites were removed from the Petri dish and placed in 70% alcohol in vials for storage.
Some mites were placed on slides in Hoyer's mounting medium and placed on a slide
warmer for a minimum of 24 hours. Mites were examined and drawn with the aid of a
Wild-Heerbrug phase contrast microscope with a drawing attachment. Some specimens
were placed on double stick tape on aluminum studs, gold coated, and examined with a
Hitachi HHS-2R scanning electron microscope at 20 kV. Terms used by van der Hammen
(1970) for Tarsonemidae and modified by Regenfuss (1974) for Podapolipidae have been
incorporated, in part.
Tetrapolipus oudemansi new species
(Figs. 1-5)
MALE: (Figs. 1, 2). Idiosoma 112 pm long, 92 pm wide. Gnathosoma: 30 pm long,
23 pm wide; gnathosomal setae very short, palps relatively well developed. Chelicerae
1 3 pm long. Propodosoma with three pairs of short setae; aedeagus located in anterior
314 of metapodosoma. Each coxal plate with a single short seta; coxae 111 in contact
medially. One spine on tibia I, 2 spines on tibiae 11, 111. Two dorsal blunt setae on tarsus
I, no solenidion on tibia I. Fourth pair of legs absent. Leg chaetotaxy as in Table 1.
l ~ e ~ a r t m e noft Biology, Adrian College, Adrian, M I 49221.
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Fig. 1. T. oudemansi n-sp. Dorsum of male.

LARVlFORM FEMALE: (Figs. 3, 4). Idiosoma 148 Mm long, 105 pm wide. Gnathosoma:
40 pm long, 49 pm wide; ventral gnathosomal setae less than 114 width of gnathosoma;
dorsal gnathosomal setae ca 113 width of gnathosoma; chelicerae 6 1 pm long. Propodosoma broader than long with three pairs of setae, posterior pair longest. Metapodosomal
plates 1 & 2 partially fused, three pairs of short setae. Opisthosomal plate 1 with 1 pair
of short setae. Opisthosomal plate 2, ventral, with two pairs of setae; lateral pair short,
medial pair more than 112 width of idiosoma. Coxae I, I1 fused, separated from coxae
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Fig. 2. T. oudemansi n.sp. Venter of male.

111; coxae 111 separated medially, each coxal plate with a single short setum. No tibia1
spines. Two dorsal blunt setae o n tarsus I, no solenidion on tibia I. Leg chaetotaxy as in
Table I.

FEMALE: (Fig. 5). Idiosoma 268 pm long, 195 pm wide. Gnathosoma 49 pm long, 35 pm
wide; Chelicerae 42 pm long. Idiosoma without plates or setae. Posterior ventral genital
opening extends 113 the distance of the ventral surface. One pair of legs; tarsi with three
setae, a medial stout spine and a terminal sucker.
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Fig. 3. T. oudemmsi n.sp. Dorsum of lamiform female.

EGG: 177 pm long, 82 pm wide; smooth, oval.
Type data: All collected from Panesthia angustipennis (Illiger) (Orthoptera: Blaberidae). Holotype, male, Balbalaan, Kalinga, Luzon, Philippines; March, 1918, by W.
Boettcher; allotype, larviform female, same data. Paratypes: 11 adult females, 9 lawiform
females, 3 males, 2 eggs. Holotype, allotype, and adult female paratype deposited in
Rijksmuseum van Natuurlijke Historie, Leiden, Netherlands. Additional male, larviform
female, female, and egg paratypes deposited in the Acarology Collection, Biology
Department, Adrian College, Adrian, Michigan.
Tetrapolipus blattae (Oudeman s)
(Fig. 6)
Pediculoides blattae in Oudemans (1 91 1, 1912, 19 15): as Tetrapolipus blattae in
Vitzthum (1943), Naudo (1967), Regenfuss (1968). Type locality: from Panesthia
angustipennis (Illiger) (Orthoptera: Blaberidae), East Java, Coll. MacGillavry.
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Fig. 4 . T. oudemansi n.sp. Venter of larviform female.

Vitzthum reported T. blattae from Periplaneta australasiae. This report is probably in
error as specimens collected from P. australasiae from Java and located in the Leiden
Museum yielded a new species of Tetrapolipus which is not closely related to T. blattae.
A second l a ~ f o r mfemale T. blattae has been collected from the specimen of P.
angustipennis which yielded the type specimen. These specimens resemble the first
described Tetrapolipus, Tetrapolipus batocerae (Berlese, 1910, 1911). When adult females
of T. blattae are found, they will probably have two legs as does T. oudemansi. Rather
than proliferating more new genera, I choose to leave both species with the other species
of Tetrapolipus in which lamiform females have very long chelicerae.
LARVlFORM FEMALE: (Fig. 6). Idiosoma 269 pm long, 181 prn wide. Gnathosoma
9 0 p m long, 78 pm wide; ventral gnathosomal setae slender, more than 112 width of
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Fig. 5. T. oudemansi n.sp. A. Venter of adult female. B. Dorsum of leg I. C. Venter of
leg I.
Table I. Leg chaetotaxy of Tarsopolipus oudemansi

Leg 1

0-1

1
1

1

0
1

0

1-

Leg 11

0-0 0
0

1

0
0

0

1- l o
1

2-1

Leg 111

0-0 0
0

1-0 0
0

0 --1 0
2

0
2-1 2

Leg I

0-1 1
1

1

0
1

Leg I1

1-0 0
0

1

00

0

Leg 111

0-0 0
0

1

00

0

1

Larviform Female
0
1 2
1
1
1

1

0

1

0

1
1

0

1

1-1 2
3
1
1

1

2
2
2
1-1
1

0

14-1
I

gnathosoma; dorsal gnathosomal setae more than 112 width of gnathosoma; chelicerae
148 pm long. Propodosoma with three pairs of setae, posterior pair longer than 112 width
of idiosoma. Metapodosomal plates 1 & 2 partially fused, three pairs of setae.
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Fig. 6. T. blattae (Oudemans 191 1) Dorsum of larviform female.

Opisthosomal plate 1 with a pair of long thick setae, Opisthosomal plate 2, ventral, with
two pairs of setae; lateral pair moderately long and thick, medial pair longer than width
of idiosoma Coxae I, I1 fused, separated from coxae 111; coxae 111 separated medially,
each coxal plate with a single short slender setum. No tibial spines. Tarsus I solenidion
(w) equal to width of tarsus in one specimen, shorter in the second specimen. Tibia1
solenidion (w)about equal to the width of the tibia.
DISCUSSION
The larviform females of T. blattae and T. oudernansi have very long chelicerae, well
developed palpi, partial or complete fusion of metapodosomal plates I and 111, conspicuous caudal assessory setae, and both are parasites of Panesthia angustipennis.
Many of the setae on the idiosoma of T. oudemansi are shorter than in T. blattae. T.
oudemansi lacks solenidia on tarsus and tibia I. T. blattae was collected on the east coast
of Java while T. oudemansi was collected on Luzon in the Philippines.
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The specimens of Tetrapolipus from the Leiden Museum from Periplaneta australasiae
are probably those viewed by Vitzthum (1943). Vitzthum reports T. blattae from P.
australasiae collected from Java. These mites have four legs in the adult female and
resemble Tetrapolipus in other respects. However, the aedeagus is unique in originating
more forward and extending more forward than does the aedeagus of other Tetrapolipus.
The genus Tetrapolipus and those related mites in which adult females have two pairs
of legs have been discussed by Regenfuss (1973) and Feldman-Muhsam (1977). Tetrapolipus includes mites in which adult females have only one pair of legs if one includes
Coccipolipus with Tetrapolipus. Due to differences in all three stages and particularly the
smaller chelicerae of larviform females, I prefer to continue to refer to Coccipolipus as a
separate genus. Coccipolipus has adult females with either two or four legs. As
Feldman-Muhsam (1977) suggests, in most species considered Tetrapolipus the aedeagus
at least originates at or near the anterior border of the metapodosoma. Genera which
have the characteristic aedeagal position and very long chelicerae include Tetrapolipus,
Podapolipoides, Rhynchopolipus, Bakerpolipus and Stign~acatus. Rhynchopolipus and
Stigmacarus are associated with the weevil family Curculionidae, Podapolipoides has been
found only on grasshoppers, and Bakerpolipus has been found on cockroaches (Blaberidae). Tetrapolipus, sensu stnctu, has been found on Cerambycidae, Curculionidae and on
four species of cockroaches. It is likely that the genus Tetrapolipus may eventually be
restricted to only those mites from the beetle families. However, with only seven species
(including three undescribed), there is not sufficient material for restructuring the generic
concept at this time.
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A LOCAL REPLACEMENT OF BOMBUS TERNARIUS BY
BOMBUS TERRICOLA I N NORTHERN WISCONSIN
(HYMENOPTERA: APIDAE)
James D. ~ h o m s o n l
ABSTRACT
During the last few years, the bumblebee Bombus ternarius Say has markedly
decreased in numbers in Vilas County in northern Wisconsin while Bombus terricola
Kirby has increased. The great ecological similarity of these species suggests that
interspecific competition may cause or facilitate this replacement.

Bombus ternarius Say has apparently been moving north for many years. Say's
description stated that it "inhabits Indiana." In the early 1900's it was collected from
southern Wisconsin, but only one individual has been collected in the southern part of
the state since 1927 (Medlzr and Carney, 1963). The distribution given by Medler and
Carney as current in1 1963 shows the southern boundary of the range coinciding with
the vegetational "tension zone" described by Curtis (1959). Medler and Carney further
state that ternarius is "the most abundant (bumblebee) species" in this area of the state,
"along with B. terricola (Kirby)." In Vilas County, which is well north of the tension
zone, this assessment of abundance would have been correct in 1973 but has become
incorrect since then.
1 have been studying pollination in Vilas County, not bumblebee population dynamics, and I only have quantitative population data for one type of habitat, the
roadside stands of hawkweeds (Hieracium aurantiacum L. and H. florentinum All.) which
bloom in late June and July. However, it is my strong subjective opinion that the clear
reduction of ternarius which has occurred in this habitat has also occurred in the other
habitats frequented by the species, which include bogs, woodlands, and blueberry
openings (Thomson, 1975).
My data for each year come from sampling in a number of different hawkweed stands
along highways US 5 1 and County M. The area of collection spans about 20 km of road;
different year's data include some stands in common. In 1973 and 1976 I collected the
bees by sweeping, while in 1974 and 1975 I observed individuals foraging. The bees were
almost all workers, but a few queens were caught or seen as well (Table 1).
In all years there were smaller numbers of other Bombus and Psithyrus, but the data
are insufficient to show any trends. I did not have the impression that any of these
species changed in abundance.
Table 1. Numbers of bees caught in successive years.

B. ternarius

l ~ e ~ a r t m e noft Zoology, University of Wisconsin, Madison, W1 53706.

B. terricola

102

THE GREAT LAKES ENTOMOLOGIST

Vol. 11, No. 2

In 1974 and 1976 I estimated the combined density of ternarius and terricola while
they foraged on hawkweeds. Although there were variations depending on the floral
composition of a stand (Thomson, in press), the values for similar stands are relatively
constant from year to ye'ar. Two sites were sampled in both years; in both of these, bee
densities increased slightly. Thus the decline in ternaritis must have been accompanied to
some extent by an increase in terricola.
With respect to feeding, these two are the most ecologically similar species of Bombzrs
in the area. Although Hobbs (1967, 1968) has pointed out some ecological differences
between ternarius and terricola in southern Alberta, these relate to gross habitat
preferences and not to feeding when the bees do occur together as in the present case.
Body sizes of all castes are similar, and tongue lengths, which largely determine feeding
overlap (Heinrich, 1976), are even more similar (Medler, 1962a; Medler and Carney,
1963; Heinrich, 1976). Lists of plants visited by the two species are virtually identical in
Vilas County (Thomson, 1975), in Wisconsin in general (Medler and Carney, 1963) and in
bog habitats in Maine (Heinrich, 1976).
In Maine, Heinrich showed that food is often in short supply; these species would be
expected to compete strongly for it. Inouye (1976) has shown that tongue lengths,
through their influence on food competition, are very important determinants of
bumblebee community structure. His concluding generalization, in which Pyke (Unpubl.)
concurs, is that most bumblebee communities only comprise one common species of a
particular tongue length. Thus one usually finds one common short-tongued bee, one
medium, one long, and possibly a nectar-robbing species. This certainly suggests instability in the present case, where the two commonest species are both short-tongued. Morse
(1977) has documented behavioral avoidance (within an inflorescence) of large foraging
individuals of terricola by small individuals of ternarizrs; but it is uncertain whether this
facultative reduction of interference competition has more than a small influence on
community structure, which Heinrich (1976), Inouye (1976), Pyke (Unpubl.) and I feel is
more affected by exploitation competition. Since Fye and Medler (1954; also see Medler,
1962b) were able to increase some Bombus spp. populations by providing artificial
domiciles, nest sites might also be objects of competition. Both species are subterranean
nesters, but details of their preferences in Vilas County are not known.
Substantial fluctuations in bumblebee populations have been reported commonly,
especially in the European literature (Inouye, 1976) The changes are often "erratic and
unpredictable" (Holm, 1966), and often related to weather or weather-caused food
shortage (Bohart and Knowlton, 1952). However, three features of the ternarius/terricola
case combine to suggest a more direct species interaction: the ecological similarity of the
species; the continued directionality of the changes; and the opposite, apparently
compensatory, nature of the changes.
Although the two bumblebees do coexist in native habitats, their large ecological
overlap would tend to increase any deleterious effects of interspecific competition. While
Gausian exclusion certainly does not fully explain the shrinking range of ternarius, the
high potential for food and nest competition might make the balance between these
species particularly susceptible to destabilization by external factors such as habitat
deterioration. The role of competition in the local destabilization described here would
be worth investigating, as would the relationship between local and regional abundance
shifts in these species.
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PHENOTYPIC EXPRESSION IN T H E PAPER WASP

POLISTES FUSCATUS (HYMENOPTERA: V E S P I D A E ) ~
Bonnie K. ~ a c ~ e Leland
a n ~ chandler3 and David B. ~ a c ~ e a n ~
ABSTRACT
Quantification of color/color pattern in Polistes fuscatus (Fabricius) revealed that
these attributes were the interaction of two antagonistic color sequences; their expression
being highly correlated with nest microclimate (relative humidity-temperature). Color/
color pattern expressions were modified under experimental conditions to produce forms
having natural counterparts in the field.
Principal coordinates analyses and trend surface analyses using specimens collected
throughout the United States indicated three color pattern trends, representing three
distinct geographic areas, and, when objectively defined, without intergradation between
and/or among areas. It was concluded that fuscatus should not be considered a
widespread, polytypic species; rather, as three discrete species: an eastern, P. fuscatus
(Fabricius); a western, P. aurifer Saussure; and an undescribed "yellow form" from the
southwestern United States.

Polistes fuscafus (Fabricius) is a social vespid wasp, widely distributed in North
America, and recognized as a polytypic species. It was selected for study because it was
available in numbers and suitable for laboratory studies of variation.
The objectives of this research were: (1) to quantify and assess the variation in color
and color patterns of fuscatus; (2) to determine the distribution of color variation in
relation to environmental factors (e.g. temperature and moisture); (3) as a means of
subspecific diagnosis, t o utilize methodology, classical or numerical, to gain the benefits
of each; and, (4) to test, under controlled conditions, the influence of temperaturemoisture factors o n color expression.
Hayward (1933) stated that it was difficult to divide fuscatus into its several color
varieties5 since every color variety intergraded with neighboring ones to the extent that
many specimens could never be placed definitely in one variety or another. In some
instances two or three of these color forms may occupy the same area and still retain
their distinctive characteristics. It is usually the case, however, that as the ranges of the
two varieties overlap there is an intergradation in coloration which is often difficult to
interpret. In a study of Palaearctic Polistes and other vespids, Zimmerman (1931) found
that color patterns became lighter from north to south, with extremely dark individuals
in the mountains.
P. fuscatus is an extremely variable species, making taxonomic analysis very difficult
(Bequaert, 1940). The variability in coloration even applies to the progeny of a single
queen (Rau, 1931). Currently seven subspecies of fuscatus are recognized: P. f. aurifer

l ~ a s e din part on the Ph.D. dissertation of the senior author.
Z ~ e ~ a r t m e noft Allied Health, Youngstown State University, Youngstown, OH 44555.
3 ~ e p a r t m e n tof Entomology, Purdue University, W. Lafayette, IN 47907.
4 ~ e p a r t m e n tof Biological Sciences, Youngstown State University, Youngstown, OH
44555.
5~istorically,in Polistes (and other groups), the use of color as a principal means of
identification resulted in the use of the category, 'Cariety", to designate "color forms".
With the trend toward disuse of "variety", and its subsequent invalidation as a
nomenclatorial category, varietal names were often preserved by equating them to
subspecies. Hence, the confusion and delay in our understanding.
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Saussure, P. f. centralis Hayward, P. f. fuscatus (Fabricius), P. f. laurentianus Bequaert, P.
f. pallipes Lepeletier, P. f. utahensis Hayward, and P. f. variatus Cresson (Bohart, 1951;
Bequaert, 1940; Snelling, 1954).
The degree of melanism has been correlated with humidity for a number of insect
groups including coccinellids (Dobzhansky, 1933; Johnson, 1910), syrphids (Smirnov,
1925), wasps (Bequaert, 1292; Femald, 1926), bees (Sladen, 1919; Kirkton, 1968;
Franklin, 19 12) and butterflies (Hovanitz, 194 1).
CHARACTER SELECTION
The characters most often used in the separation of subspecies of fuscatus are the
coloration of the antennae, scutellum, legs, wings, the first and second tergites and
sternites of the gaster, and total body length (Bequaert, 1940). Analysis of variance based
on 15 randomly selected specimens of the subspecies variatus, aurijer, pallipes, centralis,
fuscatus, and montanus showed no significant difference (P > 0.05) in body length. Wing
color varied greatly within subspecies and was not highly correlated with body coloration.
Leg color patterns were difficult to record and were not used.
Color patterns were recorded on 12 body areas of 3842 female and 445 male fuscatus
representing the six subspecies listed above. Eighteen distinct color patterns were
recorded for the clypeus, 12 for the vertex and frons, 11 for the mesothorax and
post-scutellum, 23 for the scutellum, 14 for the propodeum, 15 for the side of the
prothorax, 20 for the first tergite of the gaster, 26 for the second tergite of the gaster,
17 for the first sternite of the gaster, and 29 for the second sternite of the gaster. Based
on the date and locality data, each specimen was given a number according to the
potential natural vegetation of the region (Kuchler, 1964).
ANALYTICAL METHODS
In order to analyze the data objectively it was necessary first to recode specimens by
means of an additive procedure (Sneath and Sokal, 1973). Color pattems were numbered
from 1 to n for each of the 12 body areas (n represents the last pattern number for a
specimen). Since the pattems were arranged in order of increasing melanism it was
possible to code each pattern as the additive result of all preceeding color states. Thus
the color patterns for each specimen were replaced by ones and zeros. Data in this form
were next subjected to a principal coordinates analysis. Because of the large number of
characters (color patterns) it was necessary to limit the number of specimens analyzed by
one particular computer run to 70. Two groups of 70 specimens each were selected
which represented 31 geographic areas (Table 1). Specimens representing each area were
randomly selected. More specimens were selected from areas that either covered large
geographic regions or included a wide range of color variations than from smaller more
homogeneous areas. A principal coordinates analysis was performed on the transformed
matrix of association coefficients (Rogers and Tanimoto coefficient) for 95 coded color
states from seven body areas: (1) head: vertex and clypeus; (2) alitrunk: postscutellum,
dorsal surface of the mesothorax, and propodeum; and, (3) the gaster: first and second
sternites. These seven areas were selected due to their more definitive attributes; thus, as
being most objectively quantified.
In order to evaluate any geographical distribution of color patterns, a trend surface
analysis (Fisher, 1968; Gittins, 1968) was carried out on the factor loadings of all
principal coordinates with eigen values larger than 1.0 Longitude and latitude were
determined from the date locality data. To compare any geographical trends in color
patterns with climate, separate analyses were carried out using temperature and rainfall
data (monthly averages for May through September) based on meteorological records
from specific sites within the 31 different areas.
A second factor analysis was run on females using the coefficient of similarity
C = 2w/(A + B) where A equaled the total samples containing pattern A, B equaled the

1978

THE GREAT LAKES ENTOMOLOGIST

107

Table 1. Geographic areas based on potential natural vegetation (Kuchler, 1964).
Area

Reference sitea

Area

Medford, OR
Ashland, OR
Tustin, CA
Lonepine, MT
Albuquerque, NM
CON~KS,OR
Alpine, TX
Palm Springs, CA
Riverside, CA
Tuba City, AZ
Needles, CA
Yuma, AZ
Willows, CA
Danair, CA
Richland, OR
Burns, OR

Reference sitea
Redig, SD
Brooklings, SD
Dallas, TX
Houston, TX
Urbana, IL
Medora, ND
Lafayette, IN
Columbus, OH
Marietta, OH
Ithaca, NY
-

Freehold, NJ
Raleigh, NC
Orlando, FL
Shreveport, LA

aSource of meteorological data
total samples containing pattern B, and w, the total of samples containing both patterns
A and B. Coefficients of association were calculated for 4 1 geographic areas.
EXPERIMENTAL REARINGS
In order to determine what effect environmental conditions may have on wasp
coloration, wasp pupae were maintained in 125 mm desiccators at three temperatures:
22.2", 26.6", and 35" C, and five humidities (concentrated salt solutions): 33, 44, 54, 65,
and 76 percent. Excessive mold growth prevented successful pupal development at
humidities higher than 76 percent. Adult wasps collected from nests were preserved for
comparison with the laboratory reared material. Pupae and late instar larvae were placed
in paper straws cut into 31.75 mm (1 114 inch) lengths that had been plugged on one
end with cotton and individually placed in zipper cases. Inhabitants of a single nest were
distributed as evenly as possible among the five humidities and three temperatures. One
day after emergence, each wasp was killed, pinned and labeled for examination.
PRINCIPAL COORDINATES ANALYSIS
The results of the principal coordinates analysis are presented in Table 2. Only the
f i s t 1 0 principal coordinates are given in the table. Five principal coordinates were
extracted from group one which accounted for a combined 66 percent of the total
variation in color patterns. The first coordinate accounted for 36.69 percent while
coordinates two, three, four and five accounted for 12.58, 7.89, 5.12, and 3.82 percent,
respectively. Analysis of group two resulted in only four principal coordinates which
accounted for 38.38, 17.69, 8.85 and 4.91 percent for a combined total of 7 0 percent of
the variation in color patterns. The correlation between the association matrix and an
euclidian distance matrix was very high in both cases (-0.976 and -0.977). Factor scores
from the analysis of both groups one and two were combined for the trend surface
analysis.
Analysis of the association coefficient, C = 2w/(A + B), gave similar results. Three
factors accounted for a combined 78 percent of the variation in color patterns. The
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Table 2. Principal coordinates analysis of an association matrix (Rogers and Tanimoto
coefficient) based on 95 color states from two groups of 70 adult female Polistes fuscatus.
Coordinate no.

Eigen value

1
2
3
4
5
6
7
8
9
10

10.76
3.69
2.31
1.50
1.12
0.91
0.79
0.73
0.59
0.54

1
2
3
4
5
6
7
8
9
10

11.78
5.35
2.68
1.49
0.89
0.79
0.75
0.53
0.48
0.42

Percent
variation

Accumulated
Percent

36.69
12.58
7.89
5.12
3.82
3.11
2.7 1
2.49
2.03
1.85

36.69
49.26
57.15
62.27
66.09
69.21
71.92
74.41
76.43
78.25

38.88
17.68
8.85
4.91
2.95
2.64
2.48
1.76
1.58
1.37

38.88
56.56
65.41
70.31
73.26
75.90
78.38
80.14
81.72
83.09

Group 1

Group 2

factor loadings of factor I were highest west of the 100th meridian, exclusive of the
southwest. Factor I1 had its highest values throughout the eastern U.S. and southeastern
Canada. The third factor was restricted to the arid southwest.
TREND SURFACE ANALYSIS
The results of the trend surface analysis are given in Table 3 for the first four
principal coordinates. The highIy significant F values for the first three principal
components revealed a geographic trend of the color patterns represented by these
components. The first two regression equations accounted for 65 and 68 percent of the
variation of coordinates one and two while the third regression accounted for 41 percent
of the variation of coordinate three.
Trend surface maps were prepared by plotting trend lines with longitude and latitude
(Figures 1, 2, and 3). These maps provided a visual interpretation of the trend surface
analysis and represented three major geographic color trends of fuscatus.
Figure 1 depicted a highly significant geographic trend in color pattern from the
northeast to the southwestern United States. The contour lines represented areas of equal
factor scores. The zero line showed the average value for a coordinate and separated a
trend into its two extremes as measured by increasing positive or negative scores. The
zero line for coordinate one was narrow which indicated an abrupt transition in color
patterns. The highest positive scores occurred in the northeast and also in the southeast.
Negative scores occurred in the southwest with the highest values in the arid desert
regions of Arizona and California. Zero and low positive values were found in the
northwest. Based on typical specimens in these regions, coordinate one represented a
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Table 3. Summary of trend surface analysis (5th degree polynomial) of the first four
principal coordinates with longitude and latitude.
Principal
coordinate

R

RZ

s

F(21, 118 d.f.)

Fig. 1 . Trend surface map (5th degree fit) of coordinate one with longitude and latitude.

trend in color from dark, highly melanic browns and blacks plus yellows in the east, to
decreasing melanism in the southwest dominated by pale ferruginous and yellow
markings. The extremes of trend 1 occurred in the humid east and the extremely arid
southwest.
The second trend (Figure 2) showed another east-west progression of changes in color
patterns of fuscatus. Unlike the first trend, the zero line in Figure 2 was wide which
indicated that there was a gradual transition for this trend throughout the central United
States. Positive scores increased slowly toward the east coast while negative scores
increased more rapidly and reached their values in the Pacific Northwest. The extremes of
this trend were yellows and blacks in the northwest and browns, blacks, and yellows in
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Fig. 2. Trend surface map (5th degree fit) of coordinate two with longitude and latitude.
the east. Specimens from hot arid regions away from the coast had varying amounts of
ferruginous on more body areas with ferruginous replacing the black entirely on some
segments. Specimens from the eastern part of coordinate two (positive scores) are
described under coordinate one.
The contour lines of figure 3 showed a somewhat poorly defined trend in the central
United States. The highest negative values occurred from the Canadian border through
the Dakotas, Nebraska, Iowa, and Minnesota. Positive values were restricted to the
northwest and northeast. The width of the contour lines indicated that changes occurred
gradually over wide geographic areas. The dominant colors represented by this trend
included yellows and browns through the central states (negative values), extreme
melanism with yellows and blacks in the northwest. None of the remaining coordinates
produced a significant fit with longitude and latitude.
Trend surface analysis of the three factors extracted in the analysis of the coefficient
C = 2w/(A + B) showed similar results. Factor 1 (55.7%) was distributed west of the
100th meridian exclusive of the arid southwest; factor I1 (15.7%) extended throughout
the eastern U.S. and Canada west to approximately the 100th meridian; and factor I11
(8.4%) was found in arid regions of the southwestern U.S.
CLIMATE AND COLOR TRENDS
A trend surface analysis produced a highly significant fit of average monthly rainfall
(May through September) with longitude and latitude (Figure 4) but not for temperature.
In general, contour lines of equal average precipitation ran in a north-south direction
decreasing from east to west Monthly averages ranged from 76.2 mm (3.0 inches) in the
southeast to 12.7 mm (0.50 inches) in the extreme southwest. Comparison of Figure 4
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Fig. 3. Trend surface map (5th degree fit) of coordinate three with longitude and
latitude.
with Figures 1 and 2 revealed that many of the color trend contour lines approximately
paralleled the rainfall contour lines.
Since the intensity of melanism was probably determined by the effect of temperature
on the rate of development, hythergraphs (Figure 5) were constructed for three different
areas based on meteorological records of temperature and rainfall. These hythergraphs
were composites based on extremes of all included stations. The areas were chosen from
the results of the trend surface analysis: (1) eastern United States (high positive factor
scores of coordinates one and two); (2) western United States (high negative factor scores
of coordinate two); and (3) southwestern United States (high negative factor scores of
coordinate one).
The range of average temperatures for areas 1 and 2 was remarkedly alike for the
April-October nesting season (Fig. 5). The major differences between these two areas were
the amount and distribution of rainfall. The difference in temperature-rainfall conditions
within the range of areas 1 and 3 were dissimilar. Temperatures were higher and rainfall
lower for area 3. Also, the two wettest months (July and August) for area 3 were the
two driest months for area 1. The hythergraph constructed from ranges of temperature
and rainfall rather than monthly averages resulted in considerable overlap between areas 1
and 2 and less between areas 2 and 3. However, during the period from May t o
September when most of the specimens were collected, virtually no overlap occurred.
There was almost no overlap between the hythegraphs of areas 1 and 3 and conditions
during the developmental season were quite dissimilar (area 1 is warm and wet, area 3,
hot and dry).
The lime of demarcation (zero contour lines of trends one and two) between eastern,
western, and southwestern color patterns vacillated across the 100th meridian. In general,
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Fig. 4. Trend surface map (4th degree fit) of average monthly rainfall for May, June,
July, and August with longitude and latitude.
this line was associated with an east-west annual rainfall of 50-60 cm. The superposition
of temperature conditions (occurring latitudinally) in the eastern United States accounted
well for the ranges of infraspecific forms recognized within fuscatus.
The range limits of the two western forms wire most closely associated with rainfall
amounts and distribution (late summer vs. winter). Additionally, the average temperatures
were much cooler within the range of area 1.
EXPERIMENTAL REARlNGS
Specimens kept at 33 percent humidity for four to five days showed little notable
differences from the nest specimens. Some body parts were lighter in color (yellow in
place of ferruginous, ferruginous in place of black) while others appeared darker (black or
ferruginous in place of yellow, black in place of ferruginous). After six to eight days, at
least 75 percent of the body parts were lighter than the nest adults and if nine or more
days were required for emergence, 100 percent of the body parts were lighter in color
than those of the nest adults.
There were no apparent differences between experimental specimens kept at 5 4
percent humidity and nest adults. Specimens kept in the desiccator up to 11 days before
emergence were both lighter and darker than nest adults and n o trend could be discerned.
At 65 percent humidity, (reared) wasps tended to be darker after seven days than
those from nests, but the results were not conclusive. Darker individuals predominated at
76 percent humidity. After five days the wasps tended to be darker than those of the
nest adults. No related color differences could be shown between temperatures of 22.2"
or 26.6" C and too few wasps sunived at 35' C to draw any conclusion regarding
effects of this temperature.
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( - AREA 1 [East]

I( - AREA 2 ( W e s t ]
111 - AREA 3 [Southwest]

Precipitation Crn.
Fig. 5. Hythergraphs representing average temperature and rainfall conditions for: I the
east, I1 the west, and 111 the southwest. Shaded areas represent active developmental
season for Polistes. spp.

DISCUSSION
I t became quite apparent at the time of examining and recording the many color
variations from museum specimens that the current subspecies recognitions within Polistes
fuscaws were untenable. Some of the more obvious evidences for this conclusion were:
(1) several "subspecies" were sympatric, synchronic, and snytopic; (2) two or more
"subspecies" were taken from the same nest; (3) many "subspecies" determinations were
apparently based on locality rather than on color expression; (4) the recognition of P. f.
pallipes involved misidentification and confusion with P. metricus Say which, in many
instances, made up the bulk of the material identified as P. f. pallipes; and, ( 5 ) in the
relatively restricted areas of sympatry, the colors and/or color patterns were not ones of
intergradation, but objectively discrete termina of respective climes. While these appeared
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subjectively to satisfy subspecific criteria, in reality they represented parallel or convergent expressions as would be expected under identical (or nearly so) climatic conditions
to which both populations were subjected. Though constituting certain problems of
specific determination, the color/color pattern of one species was not reproduced in
another, even in the areas of sympatry, being wholly continuous within one, and wholly
discontinuous within the other.
Principal coordinates analysis subsequently confirmed that color and color patterns
were to some extent clinal under broad climatic conditions. Laboratory rearings provided
evidences that changes in color were affected by temperature-moisture combinations.
Basic coloration in Polistes is at least a dual expression of cuticular pigments (brown:
cinnamon-brown to black) and of epidermal pigments (yellow) (Enteman, 1904). This
condition is somewhat analagous to coloration in some species of Bombus (Friese and
Wagner, 1904), Bembicinus (Krombein and Willink, 1950) and Sphecidae in Madagascar
(Arnold, 1944).
While the phenetics of these situations can be described and interpreted, the genetic
aspect is poorly understood, and Bequaert's (1940) plea for genetic studies'remains valid.
Interpretation of field and experimental data indicated the following hypotheses concerning coloration in Polistes.
1) There are two sequences of color expression which are independent in expression
and appear t o be antagonistic (i.e., tend to replace one another);
2) Phenotypic expression differs with sex, yellow being more prominent in haploid
males than in diploid females;
3) Phenotypic expression is broadly correlated with macroclimatic factors but is really
an expression of temperature-humidity conditions at the nest site (microclimate);
4) Each regional population exhibits a range of color variation which could be
manipulated experimentally under controlled conditions to produce many (most)
of the variations to be found in that region, but which could not be manipulated
experimentally t o produce the forms unique or predominant in other regions;
5) Color and color patterns change in response to seasonal climatic conditions and
similar forms appear as a result of similar climatic conditions not wholly related to
seasonal time;
6) In the periphery of the range of each set of color patterns there is a tendency to
approach the color patterns of the adjacent sets. However, numerical analysis
shows these to be areas of overlapping color patterns, not intergrading.
Applying the results of this study to the populations of fuscatus the most logical
interpretation of the color pattern trends is that there are three species involved. The
distributions of these species are shown in Figure 6. These would be catalogued (with
infraspecific categories listed in parenthesis without status designation):
Polistes aurijer Saussure 1853
(anaheimensis Provancher 1888; montanus Bequaert 1940; centralis Hayward 1933;
utahensis Hayward 1933)
Polistes fuscatus (Fabricius) 1793
(nestor Fabricius 1793; laurentianus Bequaert 1942; pallipes Lepeletier 1836; exilis
Saussure 1853; variatus Cresson 1972)
Polistes sp. (undescribed species-"yellow form")
Variation within a geographic area .is clinal with the percentage of ferruginous
increasing over black with higher temperature and lower humidity. Typical fuscatus can
be manipulated experimentally to exhibit the entire color range of fuscatus (including
"pallipes" and "variatus"); however, specimens resembling aurifer or the yellow form
could not be produced.
The range of aurifer (negative factor scores of coordinate two, Fig. 2) and P. fu~catus
(positive factor scores of coordinates one and two, Figs. 1 and 2) are t o a large extent
abutting and, where sympatry does occus, the color forms are objectively discrete. There
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Fig. 6 . Distribution map of Polistes fuscatus, Polistes aurifer, and Polistes "yellow form".

is no apparent intergradation or-production of intermediate populations. The range of the
undescribed "yellow form" (negative factor scores of coordinate one, Fig. 1) barely
overlaps with that of aurifer, but the color expressions are separable, though convergent.
Vegetational units (a phytosociological indication of climate) correlate well with the
range limits of the wasp species. Hythergraphs of average temperature-humidity conditions are also non-overlapping for the ranges of the wasp species. Considerable overlap
occurs among the hythergraphs based on ranges of conditions which is certainly
responsible for parallel color expression among the species.
The contiguous distribution of "Polistes fuscatus auct.", with taxonomically identifiable and geographically located populations, appears to satisfy the criteria of subspecific
recognition. However, the absence of intergrading forms in regions of sympatry, or the
disjunction of variation; the discreteness of intrapopulation clines though with environmentally-induced convergence of expression; and the virtual lack of sympatry, is best
interpreted by the recognition of three species.
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CEREAL LEAF BEETLE (COLEOPTERA: CHRYSOMELIDAE):
INFLUENCE OF SEEDING RATE OF OATS ON POPULATIONS~
J. A. ~ e b s t e r D.
, ~ H. Smith, J I . , ~and S. H.

age^

ABSTRACT
In field and greenhouse studies, more cereal leaf beetle [Oulema melanopus (Linnaeus)] eggs and larvae were found per unit area on spring oats, Avena sativa L., planted
either at intermediate (54 kg/ha) or high (136 kg/ha) seeding rates, than when planted at
a lower seeding rate (14 kg/ha). However, there were fewer eggs and larvae per stem in
plantings of the high or intermediate rates than in those of the lower rate. Oats should
not be planted at less than the recommended rates in beetle-infested areas.

Since the detection of the cereal leaf beetle (CLB), Oulema melanopus (Linnaeus), in
North America, a variety of pest management efforts have been made, including
quarantine, chemical and biological control, plant resistance, and various cultural practices. One cultural practice that has been shown to reduce the population densities of
other insect pests of small grains is seeding rate. For example, Luginbill and McNeal
(1958) found that infestation and cutting of wheat by the wheat stem sawfly, Cephus
cirrctus Norton, decreased as the seeding rate increased and row spacing decreased.
Apparently, the sawfly selected the larger, more succulent stems in the plots with fewer
stems per unit area Also, Agrios (1969) reported that better yields of barley were
sometimes obtained despite the presence of barley yellow dwarf by increasing the number
of plants per unit area through increased planting rates. When there were few aphid
vectors, a greater number of plants escaped infection, but when the density of aphids was
great, healthy plants could not be found in most fields, regardless of seeding rate. In
parts of Russia, dense sowings in spring wheat nurseries are often used to reduce damage
from a frit fly, Oscinosoma pusilla Meigen (Maistrenko, 1976).
Recommended rates, however, may not be used in planting for various reasons ranging
from limited seed supplies to an improperly calibrated grain drill. Grafius (1956) and
Woodward (1956) both found that in the absence of insects, diseases, or other stresses,
wide variations in seeding rates of oats (around the optimum) produced only minor
variations in yield. Woodward (1956) stated that on western irrigated land, farmers who
planted at half the usual rate could afford to plant certified seed at no extra cost, and
could thus reduce many farm problems associated with plant diseases and grain mixtures.
The present work is the initial phase of a long-term study to determine whether
seeding rate can be used as a cultural practice in CLB management. In this work, we
report the influence of three seeding rates of spring oats in small plots and in the
greenhouse on CLB populations.
MATERIALS AND METHODS
Clintland 64 (C.I. 7639) oats were sown at rates of 14, 54, and 136 kg/ha [the
recommended seeding rate in Michigan is 72-90 kg/ha (Hildebra5d and Copeland, 1975)l
l ~ i c h i ~ aAgricultural
n
Experiment Station Journal Article 8033. Part of a cooperative
project between the Agricultural Research Service, USDA, and the Entomology Department and Crop and Soil Sciences Department, Michigan State University, East Lansing,
MI 48824.
2 ~ e s e a r c h Entomologist, USDA, Agricultural Research Service, Department of Entomology, Michigan State University, East Lansing, MI 48824.
3~esearchGeneticist, USDA, Agricultural Research Service, Department of Crop and
Soil Sciences, Michigan State University, East Lansing, MI 48824.
4 ~ e p a r t m e n tof Entomology, Michigan State University, East Lansing, MI 48824.

118

THE GREAT LAKES ENTOMOLOGIST

Vol. 11, No. 2

in 1970 and 1971. A 3 x 3 Latin square design with 6 X 6 m plots was used in 1970,
while 9 X 27 m randomized strips with 1 striplseeding rate were used in 1971. Plantings
were made at two Michigan locations in 1970: Ingham County (1 May) and Kalamazoo
County (5 May). In 1971, plots were sown in Kalamazoo County on 4 May.
In 1970, estimates of plant density were obtained by counting the number of stems
collected on 19 June from 6 1 cm of row. In 1971, stem counts were made periodically,
and also from 61 cm of row, but without removing the plant material from the field.
In 1970, one estimate of the CLB population was made by counting eggs and larvae
on the 1 9 June plant samples. In 1971, cumulative egg input (Helgesen and Haynes,
1972) was used as an insect population Index. Counts were made at 3 4 day intervals in
the same 61 cm sections of row during the oviposition period in late May and early June.
At each sampling, the eggs found and counted were destroyed so none remained on the
plants. Counts within the survey row were totaled at the end of the oviposition season to
obtain the cumulative egg input.
Since 1971 the CLB population densities have not been great enough at the test sites
to obtain suitable data on the interaction of the CLB and plant density; therefore, a
similar experiment was conducted in the greenhouse. Oats were planted and thinned in
two rows, 17.8 cm apart, in soil in standard wood flats to obtain about the same plant
densities as in the field tests. One flat of each seeding density was randomly positioned in
each of four s'creened oviposition cages. Each cage was held in a greenhouse with
conditions similar to those described by Schillinger (1969). When the seedlings were in
the early two-leaf stage, ca. 15 cm high, 100 field-collected spring adult CLB were
introduced into each cage. Egg counts/30.5 cm of row were made 72 hours later.
RESULTS AND DISCUSSlON
Figure 1 and Table 1 show that CLB counts per unit area were directly related to the
number of oat stems per unit area when CLB populations were high, as in 1971. Also,
there was an inverse relationship between oat stems per unit area and CLB counts per
stem, but this relationship was only clearly evident in the greenhouse test (egg counts)
and to a lesser extent in the 1970 Kellogg test (egg and larval counts) (Table 2). When
populations were much lower (30 eggs161 cm of row in tests not reported here), linear
relationships between stem density and CLB eggs per unit area or e s s per stem were not
evident.
Several environmental factors need to be considered to interpret the data obtained in
this study. For example, the CLB adult developmental temperature threshold is 9.9"C
(Gage, 1972), while that of oats is between 3.3"C and 4.4"C (Coffman, 1923; W i ~ a n s ,
1956). Thus, in cool growing seasons, oat plants in thinly seeded fields may compensate
by producing tillers so that by peak beetle activity, differences in tiller numlxrs lxtween
plots planted at different seeding rates will be minor. But lxcause of wet soil conditions
in the spring, the Michigan oat crop is often planted late enough so that peak beetle
activity occurs in the early seedling stage. When this occurs, our hypothesis is that there
will be greater beetle pressure per plant accompanied by reduced grain yield and quality.
Unfortunately, our insect and grain yield data from more recent unpublished tests
(which included plots seeded at the recommended planting rates) have not been suitable
to test the interaction of the beetle with the g a i n because of low populations. Several
years of yield data including the effect on panicles per unit area, 1000 kernel weight,
kernels per panicle, and leaf feeding damage are needed to completely understand the
relationship of planting rates and the CLB. Until more yield data can be obtained, we
believe that planting oats at less than recommended rates, while economically feasible in
some parts of the country, is not a sound practice in CLB-infested areas.
LITERATURE CITED
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Fig. 1. Relationship between oat stems per unit area and CLB eggs per unit area when
seedling oats were infested with dense populations of spring adult CLBs.
Table,]. Cereal leaf beetle counts per unit area on Clintland 64 oats seeded at three rates.
1970, n = 9; 1971, 1975, n = 4.
CLB counts 2 SEa on oats
seeded at indicated rates
Year a n t
location

Lowest

Intermediate

-

Highest

LSD~.~5c

-

a1970: Combined egg and larva1 counts from 61 cm of row on 19 June. 1971: Cumulative
eggs per 61 cm of row during the oviposition period. 1975: Cumulative eggs per 30.5 cm
of row 3 days after infestation.
b~ = Kalamazoo County, MI; I = Ingham County, MI; G = greenhouse.
V o r mean separation horizontally; ns = horizontal means ndt significantly different.
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Table 2. Cereal leaf beetle counts per oat stem on Clintland 64 oats seeded at three rates.
The stem density for the corresponding date is shown in parenthesesa. 1970, n = 9; 1971,
n=4.
CLB counts/stem i S E on
~ oats
seeded at indicated rates
Year
location
and datec
1970-K
19 June
1970-1
197 1-K
20 May
1975-G
8 May

Lowest

Intermediate

Highest

LSD~.~5d

0.8 + 0.1
(21.7 1.8)
0.5 + 0.1
(15.7 + 1.7)

*

1.5 + 0.3
(14.5 1.7)

*

6.4 + 1.3
(8.0)

aStems/61 cm-field, stems/30.5 cm-greenhouse.
b ~ a t i oof CLB counts per unit area to stems per unit area. Combined egg and larval counts
in 1970, egg counts in, 1971 and 1975.
CK = Kalamazoo County, MI; I = Ingham County, MI; G = greenhouse.
d ~ o rmean separation horizontally; ns = horizontal means not significantly different.
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INCIDENCE AND LOCATION OF EASTERN PINESHOOT BORER
DAMAGE IN SOME SCOTCH PINE CHRISTMAS TREE PLANTATIONS
IN MICHIGAN (LEPIDOPTERA:OLETHREUTIDAE)~
M. McKeague and G. simmons2
ABSTRACT
A survey of Christmas tree farms in Michigan revealed that 26% of the Scotch pine
Christmas trees have one or more shoots injured by the eastern pineshoot borer, Eucosma
gloriola Heinrich. Most attacks occurred on lateral branches in the top half of the tree.
Only 2% of the observed trees had pineshoot borer injury on the terminal leader. Control
except for normal shearing, was not recommended for most plantations.

The eastern pineshoot borer, Eucosma gloriola Heinrich, (Lepidoptera: Olethreutidae)
which is injurious to Christmas trees, is distributed throughout the northeastern U.S. and
southern Canada. It feeds in the new shoots of Scotch pine, Pinus sylvestris L.; eastern
white pine, Pinus strobus L.; jack pine, Pinus banksiana Lamb.; red pine, Pinus resinosa
Ait.; Austrian pine, Pinus nigra Arnold; mugho pine, Pinus mugho Turra; and occasionally
on white spruce, Picea glauca (Moench) Voss and Douglas fir, Pseudotsuga menziesii
(Mirb.) Franca (Baker, 1972; Wilson, 1977). Its preferred host, however, is Scotch pine
saplings from 3 to 8 feet tall (Wilson, 1972).
The pineshoot borer is sometimes a pest in Michigan's Christmas tree plantations
(Wilson, 1977) since approximately 85% of the trees grown are Scotch pine3. It does not
kill the tree but its feeding is detrimental to the tree's form and aesthetic appeal, as the
dead, brown tips are unattractive to Christmas tree buyers. Repeated damage to new
branch tips, especially terminal leaders, can cause bushiness and forked trunks. In the fall
of 1977, 21 Christmas tree farms in Michigan were surveyed to determine the extent of
injury caused by this pineshoot borer.
METHODS
Scotch pine Christmas tree plantations in 11 counties in Michigan's Lower Peninsula
(Fig. 1) were surveyed for eastern pineshoot borer damage. Several plots were chosen in
each of the 21 plantations, each plot in a different aged (sized) stand. Each plot
consisted of 40 trees; a plot being determined by randomly choosing a location in a stand
and examining the closest 40 trees. For each plot the following data were recorded: the
number of injured shoots, location of the injury (i.e. terminal leader or laterals in the top
or bottom half of the tree), and tree height. The injury present in early fall was surveyed
because the hollowed-out shoots turn brown and usually bend over at right angles at that
time, making it very noticeable. These bent-ver, brown tips and the exit hole at the base
of the injury are reliable identifying characteristics of injury by gloriola.
RESULTS AND DISCUSSION
The eastern pineshoot borer was found to be widespread throughout the Lower
Peninsula of Michigan, but at low population densities. Damage was observed in all but
I ~ i c h i ~ aAgricultural
n
Experiment Station Journal Article No. 8476.
a ~ e p a r t m e n tof Entomology, Michigan State University, East Lansing, MI 48824.
3pers. comm., Dr. M. Koelling, Extension Specialist in Forestry, Michigan State
University, East Lansing, MI 48824.

THE GREAT LAKES ENTOMOLOGIST

Vol. 11, No. 2

Fig. 1. Christmas tree plantations surveyed in the Lower Peninsula of Michigan.

four plots out of 52 surveyed. About 26% of all trees observed had one or more injured
shoots, with the percentage of trees attacked ranging from 0 t o 97% per plot (Table 1). A
maximum of nine injured shoots per tree was observed in one plot. In examining genetic
differences of Scotch pine varieties to attack by the eastern pineshoot borer, Steiner
(1974) found that some varieties were attacked 10 times as heavily as others in the same
plantations. This may help to account for the large differences observed between plots.
The incidence of attack for all trees observed averaged less than one (0.83) shoot per
tree. The mean number of damaged shoots per attacked tree was 3.23, suggesting a
tendency for the female moth to lay several eggs on one tree before moving to the next
one. The results show the damaged shoots to be heavily concentrated (99%) on the
laterals in the top half of attacked trees.
Drooz (1960) found a high incidence of terminal leader attack on Scotch pine by
gloriola in Pennsylvania making it a serious problem to Christmas tree growers there. In
this study, however, only 2% of the trees had terminal leader injury. The highest
incidence of attack (25%) occurred on lateral branches in the top one or two whorls of
branches. Lateral shoot injury is far less serious than terminal injury. When branch tips
have been killed, the tree reacts as if i t has been sheared and sets buds just below the
dead portion of the injured shoot. Bushiness will result, which is a desirable characteristic
for Christmas trees.
Butcher and Hodson (1949) found that this pineshoot borer (erroneously listed as E.
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Table 1. Location of damage by eastern pineshoot borer on Scotch pine Christmas trees
in Michigan.
Location of Injury
Laterals

Damage on all trees observed
Damage on attacked trees

TerminaI
Shoot

Top half
of tree

Bottom half
of tree

2%
7%

25%
99%

2%
9%

sonomana ~ e a r f o t t 4 )on jack pine preferred larger trees presumably because there is more
food available on them. Our data suggested a slightly higher incidence of eastern
pineshoot borer attack in the 3-4 foot size class, but differences between size classes were
not significant at the 5% level (analysis of variance). Shearing the trees for the Christmas
tree market might disguise a heavier attack of larger trees by the eastern pineshoot borer,
since trees under 3 feet are seldom sheared.
Christmas trees are usually sheared in June and July while the eastern pineshoot borer
larvae are still feeding inside the shoot, causing some of the infested shoots to drop off.
Once the shoot is cut off the tree, the larva inside dies before completing its
development. Normally, the full grown larva drops to the ground to pupate between
midJune and early July (Wilson, 1972). Therefore, if shearing is done before the insect is
ready to pupate, it reduces the populations of the eastern pineshoot borer. Infested
shoots, however, are not always recognizable at shearing time because they generally do
not turn brown until late July (Wallner, 1975).
The results of this survey indicate that the eastern pineshoot borer is currently a
minor pest in Michigan's Scotch pine Christmas tree plantations. At these low population
densities and damage levels, attempts at control except for normal shearing are not
recommended.
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