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AN ASYMMETRICAL GYNANDROMORPH OF
CEROTOMA FACIALIS (COLEOPTERA: GALERUCIDAE)
Robert F. Ruppel
Department of Entomology, Michigan State University, East Lansing, Michigan 48823

There is a marked sexual dimorphism in beetles of the genus Cerotoma. The female has
cylindrical antennal segments; a smoothly convex frons that lacks lobes and subantennal
pores, and that is usually dark in color; relatively slender protibia with spurs; nearly
cylindrical protarsi 1 without pads; and is somewhat larger than the maIe. The male has
depressed and enlarged antennal segments 11 1 and 1V; a white, concave frons with various
lobes, enlongate setae, and subantennal pores (a pair of pit-like openings underneath the
dorsal lobe); rather swollen protibia without spurs; and enlarged protarsi 1 with ventral
pads. Only males of Nearctic C. trifurcata (Forster) lack the modified antennae and the
concave, lobed faces characteristic of all of the other Neotropical species of the genus.
Unfortunately, C. trifurcata is the genotype of Cerotoma.
My examination of several thousand specimens of Cerotoma for a study of variation in
the genus has disclosed only one specimen that shows mixed secondary sexual characteristics. This is one of a series of C. facialis facialis Erichson collected from cowpea (Vigna
siniensis) near Palmira, Valle de Cauca, Colombia, on 5 February 1960 by agronomist
Eduardo Idrobo. The specimen has all black (rather than tan to dark brown) markings, a
"clear" (one or more spots absent) elytral pattern, and a commissural suture that is 3.65
mm long. The markings and pattern are common in the deme of this species from this
region. The length is small for a female but near average for a male of this deme for this
season of the year.
The antennae, protibia, and protarsi of the specimen are typically female and no trace of
an aedeagus was found in the terminal abdominal segments. The right side of the face is also
black and smoothly convex as in the typical female. The left side of the frons is white and
concave as is typical of the males of the species. The dorsal lobe of the male side of the face
is well defined but small. It is a simple arch that extends only one-half way across the face,
of course, and lacks the characteristic form for the species. The subantennal pores and
lateral lobes of the face are full-sized and well-formed. The face is illustrated in Figure 1.
The specimen was dead and dry when received, and no examination of soft organs or
observations on behavior were possible.
The cause of the gynandromorphism in this specimen is unknown. As noted by Oliver and
Delfin (1967), gynandromorphs can be produced by different means. Whatever the cause, it
apparently affected only the left side of the face of an otherwise normal female. The
specimen has been deposited in the Entomological Museum of Michigan State University.
The striking sexual dimorphism of Cerotoma is shared by species of several related genera.
Gynandromorphs are rare and an intensive search through the Diabroticina could reveal
more material for studies of this phenomenon.

LITERATURE CITED
Oliver, H. H., and E. D. Delfin. 1967. Gynandromorphism in Dermacentor occidentalis
(Acari: Ixodidae). Ann. Entomol. Soc. Amer. 60: 1 1 19-1 121.
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Figure 1. Anterior view of the head of a partial gynandromorph of Cerotoma fi facialis
Erichson. The black side has female, and the white side has male characteristics.
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BIOLOGY A N D ECOLOGY O F MELANOPLUS BOREALIS
(ORTHOPTERA: ACRIDIDAE) I N FAIRBANKS, ALASKA
WITH SPECIAL REFERENCE TO FEEDING HABITS'
Tohko Kaufmann

Coco Research Institute, Box 8, Tafo, Ghana, West Africa

ABSTRACT
Overwintered Mela~zoplusborealis (subspecies, borealis Fieber) eggs hatched within 10-15
days in mid-June. The nymphs molted 5 times and became adults in about 45 days in
nature. In both sexes, sexual maturity was attained about 3 weeks after emergence and
oviposition started 8-1 0 days after sexual maturity.
M. borealis is primarily a forb feeder as its mandibular morphology indicates but it also
developed and reproduced exclusively on Gramineae in the laboratory.
In the Fairbanks area, Alaska, these grasshoppers were found in sunny open fields where
vegetation was short and sparse enough to allow sunrays to penetrate to the ground surface.
However, the size of the population in one habitat was never large. M. borealis hibernates as
eggs from September to June of the following year.
INTRODUCTION
According to Gurney (1 959), the subspecies, Melanoplus borealis b'orealis (Fieber) occurs
throughout Alaska (including arctic tundra), Canada, British Columbia, and the northern
parts of the United States. I had many disappointing experiences, however, looking for
populations of this grasshopper in and around Fairbanks, Alaska (64"54'N., 147"501W.)
before 1 discovered one open field with a sufficient number of M. borealis to make this
study possible. The difficulty was not due to the rareness of this species, but to the paucity
of individuals in one habitat.
The biology and ecology of M. borealis has not been fully studied. As my previous
experiences cover those Acrididae occuring in temperate regions of the world including the
United States and Europe as well as tropical West Africa (Kaufmann 1965a, 1965b, 1968), I
thought i t would be worthwhile to study a species in the arctic for comparison. With this in
mind I have paid special attention to the problems of adaptation of this grasshopper to the
harsh and hostile environment of interior Alaska.
OBSERVATION SITE
The observation site used for this study was a sunny open field approximately 150 meters
long and 100 meters wide surrounded by other physically similar fields and spruce woods.
This site lay under snow from October to April; turned into a marsh land after snow melt
until the end of May; and finally became free of standing water from June to September.
METHODS
In mid-June 1968, about 100 newly eclosed nymphs of Melanoplus borealis collected at
the observation site in Fairbanks were reared in cages (30 x 30 x 30 cm with wire gauze
covering the 4 sides and the top) in the laboratory. The cages were placed side by side facing
an open window and received 8-12 hours of direct sunlight a day depending upon the
month. A recording hygrothermograph was installed near the cages for registration of daily
temperature and relative humidity.
Throughout the nymphal periods, each cage floor was covered by a metal water basin
under a perforated plate with equally spaced holes through which food plants were made to
1Publication Number 100 from the Institute of Arctic Biology, University of Alaska, College, Alaska 99701
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stand in water (Kaufmann 1968). During the period of oviposition, an aluminum soil pan
with sterilized soil replaced the water basin and the perforated plate.
To determine food preferences, 3 different species of plants were placed simultaneously
in about equal quantity in each cage for 3 consecutive days. According to the results
obtained at the end of this period, the food plants were categorized in 4 classes, namely: if
all the plants were eaten, the plant was placed in Class 1; if one-half, in Class 2; if
one-fourth, in Class 3; and if nibbled at, in Class 4.
The eggs laid in 1967 in the soil pan in the laboratory were put into a refrigerator with
the initial temperature of 4'C, gradually lowered to -15OC from December to February,
then gradually raised back t o 4OC from March until mid-May, 1968.
GENERAL BIOLOGY
EGGS: The egg pods of M. borealis are straight or slightly curved, 8-18 mm long, and 3-5
mm thick, each containing from 2 to more than 30 eggs. The eggs are yellowish, cylindrical,
1 mm thick, and 3.5 mm long on an average. The incubation period was about 9 months
including the diapause during winter. In nature, overwintered eggs hatched within 10-15
days in June and during two summers in the Fairbanks area no newly eclosed nymphs were
found after June 23. The eggs did not hatch unless they were submerged in water in spring
shortly before hatching (page 10). Thus, soil containing overwintered laboratory-laid eggs
was sprinkled daily for 1.5 months with water after hibernation, but none of the eggs
hatched.
NYMPHS: M. borealis nymphs molt 5 times; individuals of various instars were found from
mid-June to the end of July, but after July 25, the grasshopper population in the field
consisted exclusively of adults (Table 1). In captivity, mortality was highest in the first 2
instars and this is also probably the case in nature. The total nymphal period was about 45
days in the field (Table 1).

Table 1. Percentages of nymphs and adults of M. borealis in the Observation Site in June
and July, 1967 and 1968 in Fairbanks.
Date

I st

2nd

3rd

4th

5th

6/10
6/ 15
6/20
6/25
6/30
715
7/10
7/15
7/20
7/25

100
60
40
8
0
0
0
0
0
0

0
40
50
40
10
0
0
0
0
0

0
0
10
40
45
20
8
0
0
0

0
0
0
12
35
52
35
9
0
0

0
0
0
0
10
28
40
28
15
0

Adults

a

0
0
0
0
0
0
17
63
85
100

ADULTS: Adults appeared from the middle to the end of July within a period of 15-20
days in nature. In the laboratory, emergence took place between July 10 and August 3, and
although the first mating was observed on July 28, it did not become very common until
August 7. In both sexes, sexual maturity was attained about 3 weeks after emergence.
Mating normally occurred during the warmest part of the day and the pairs remained in
copula for 10-15 minutes only. Oviposition began 8-10 days after mating and lasted from
mid-August to mid-September in nature, until October 1 in the laboratory. The female
pushed approximately one-half of her abdomen straight into the soil for several minutes and
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the resulting egg holes were often covered up with loose soil particles by the back-and-forth
movement of her jumping legs. During her entire oviposition period, an average female
produced 4-6 egg pods, each containing an average of 15 eggs (Table 2). From the end of
Table 2. Developmental Periods, nymphal mortality, body weights, lengths of body and
hind femur, adult longevity and fecundity of M. borealis reared on different diets (see text
for food plants provided in each cage).
Cage 1

First stadium
Second stadium
Third stadium
Fourth stadium
Fifth stadium
Total

10.3 (8-1 1)
9.3 (7-15)
12.9 (7-19)
9.8 (9-1 1)
9.5 (8-1 1)
51.8

Cage 2

Developmental periods, days
11.0 (8-12)
8.8 (6-15)
13.2 (8-22)
9.6 (8-12)
10.4 (8-1 5)
53.0
Nymphal mortality
35

No. nymphs at start
No. death during:
First stadium
Second stadium
Thud stadium
Fourth stadium
Fifth stadium
Total nymphal deaths
Percent mortality
No. adults reared
Adult (male)
Adult (female)

254.2 (21 1-304)
376.8 (255-555)

Body weight, mg.*
263.3 (209-303)
298.3 (262-352)

Adult (male)
Adult (female)

21.2 (19-22.5)
22.7 (21-25)

Length of body, mm
21.7 (21-23)
24.1 (19-28.5)

Adult (male)
Adult (female)

Length of hind femur, mm
11.1 (9.5-12)
11.4 (11-12)
12.1 (11.5-13)
11.2 (10-14)

Adult longevity and fecundity
Longevity, days
Male
69.4 (48-90)
67.4 (45-88)
Female
76.0 (53-1 10)
66.2 (40-85)
Minimum period of
emergence to oviposition, days
28.0
30.0
Duration of oviposition,
days
30.0
30.0
Mean no. pods/female
6.3
4.1
14.5 (1 1-30)
17.2 (5-35)
No. eggs/pod
Mean no. eggslfemale
91.4
70.5
*measured 1-2 days after emergence.

Cage 3
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July to the end of August, a few females were seen occasionally sprinkling eggs to the
ground from wherever they happened to be at the time. These egg masses were amorphous,
seldom well wrapped in egg pods, and quickly dried. At least one of these females was
unmated. I have observed a similar phenomenon in many species of Acrididae in central
Europe and tropical Africa. After the beginning of September, mating became infrequent in
cages, as all the females were concentrating on oviposition. At this time, males sometimes
mounted females either in early morning or late at night when female resistance was at
minimum; these males were usually kicked off later when the ambient temperature rose to
23°C and above. In such cases, copulation lasted 12 hours or more, instead of the normal
10-15 minutes as stated above. Since such a mating did not occur earlier in the season when
females were fully receptive, it is to be regarded as abnormal. Nevertheless, this
phenomenon is not rare in caged grasshoppers as it was very commonly observed in other
Acrididae including Melanoplus differentialis in this country and Zonocerus elegans in East
Africa (Kaufmann, MS).
In a sample size of 200, the male-female ratio of M. borealis was 43:57. The adults died
toward mid-September in nature. In the laboratory, 50% died by the end of September, and
90% by mid-October. The adult longevity of M. borealis was about equal in both sexes
except in Cage 1 in which a few females survived until the end of November (Table 2).
FEEDING HABITS
FOOD PREFERENCE: M. borealis is primarily a forb feeder as its mandibles with pointed
dents indicate (Fig. 3), although it can also develop and reproduce on species of Gramineae.
A wide variety of forbs serve as food but like most other acridians, M. borealis prefers
certain plants to others.
Results of the food preference tests performed on both nymphs and adults of this
grasshopper in the laboratory were as follows. Of the 14 species of plants used for the tests,
Taraxacum officinule and Parnussia palustris were in Class 1; Plantago rugellii, Petasites
frigidus, Solidago multiradiata, Trifolium pratense, Geum macrophyllum (flowers only) and
AchiNea sibirica (flowers only) were in Class 2; Hordeum jubatum, Calamagrostis canadensis,
and Arctagrostis latifolia were in Class 3; Epilobium angustifolium, Salix padophylla,
Equisetum arvense, Achillea sibirica (leaves only), and Geum macrophyllum (leaves only)
were in Class 4.
In nature, the grasshoppers were seen feeding on Petasites frigidus, Trifolium pratense,
Taraxacum officinale, and Pamassia palustris.
Effects of Differential Feeding.-Newly eclosed nymphs of M. borealis were divided into
3 similar cages, each containing 30-35 individuals and were fed with the species of plants
found at and in the vicinity of the observation site. The food plant provided in each cage
were:
Cage 1 (grasses and forbs)
Grasses: Calamagrostis canudensis, Arctagrostis latifolia, and Hordeum jubatum.
Forbs: Taraxacum officinale, Parnassia palustris, Plantago rugellii, Solidago multiradiata, Trifolium pratense, Geum macrophyllum, Petasites frigidus, and
Achilleo sibirica.
Cage 2 (forbs only)
Taraxacum officinale, Pamassia palustris, Plantago rugellii, Solidago multiradiata,
Trifolium pratense, Geum macrophyllum, Petasites frigidus, and Achillea sibirica.
Cage 3 (grasses only)
Calamagrostis canadensis, Arctagrostis latifolia, and Hordeum jubatum.
Three different species of fresh plants were supplied ad libitum simultaneously in about
equal quantity at each feeding. Temperature and relative humidity averages for the
duration of the experiments are given in Table 3, and the results of the test are presented in
Table 2. The diet of Gramineae alone (Cage 3) produced small, light-weight individuals and
the nymphal mortality was high. However, in other respects, these grass-reared acridians did
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Table 3. Mean monthly temperatures and relative humidities during the Melaizoplus borealis
feeding experiments in 1968 in the laboratory.
Month

Mean Temp. (C)

Mean RH (%)

June
July
August
September
October

not differ greatly from the other 2 groups especially in regard t o developmental days and
fecundity. This is rather remarkable and is to be regarded as adaptation t o the arctic
environment where summer is short and available species of food plants are greatly limited.
It should be mentioned in this connection that in central Europe, typically forbivorous
forms such as Psophus stridulus and Oedipoda coerulescens never survived on grasses more
than a few days. Likewise, typically graminivorous grasshoppers such as Euthystira
brachyptera and Chorthippus parallelus did not eat forbs at all (Kaufmann 1965).
FEEDING BEHAVIOR IN RELATION TO VARIOUS FACTORS: In captivity feeding
began at 16OC in nymphs and 13°C in adults; the upper limit was 38OC for both. The
optimum temperatures for feeding, however, were 23-35°C. The acridians fed throughout
the day.
Melanoplus borealis is a geophilous species with small arolia and is normally found on or
near the ground where it is warmest during the sunny hours of the day (22-15 hours/day
from June t o August). Accordingly, feeding takes place on the plant within several
centimeters from the ground. In cages, however, the grasshoppers frequently shifted their
positions following the movement of the sun (see Behavior page 10). Consequently, in early
morning the acridians aggregating on the cage floor ate the lower parts of the food plants as
in nature, later they fed on the leaves closest t o the vertical cage-wall, and finally, at
midday, fed on the tips of plants close to the ceiling where the grasshoppers rested. Thus,
the food plants eaten depend on where the grasshoppers are situated at the time of feeding,
and since they rest on the warmest spots available, the food which happens t o be near them
is taken, regardless of food preferences. This is the very reason why in the laboratory, the
food plants nearest the sunny side of the cage were eaten first: those at the shady side, on
the other hand, were left alone if the ambient temperature was below 20°C, but entirely
eaten at 23OC and above at which temperature the insects frequently jumped and flew and
thus became dispersed all over the cage.
On sunny days at 23-32OC, several rows of Calamagrostis canadensis (Class 3) were placed
along the sunny side of the cage facing the windows and those of Taraxacum officinale
leaves (Class 1) of equal height on the shady side opposite. The adults of M. borealis first fed
on the front row of Calamagrostis leaving the rest untouched and later consumed all the
Taraxacum leaves (Fig. 1A). When the position of Tnraxacum in the cage was reversed, the
acridians ate all the Taraxacum fnst and later some of the Calamagrostis blades from each
row (Fig. 1B). The young nymphs, on the other hand, fed on only the first few rows of
Calamagrostis if these were on the sunny side (Fig. 2A), but ate all the Taraxacum when the
position of this food plant was reversed (Fig. 2B). Thus, not only the quantity of preferred
food eaten was greater than that of a less preferred plant, but also the feeding pattern of
adults and young nymphs differed from one another under similar environmental
conditions. These results were essentially the same as those for M. differentialis studied in
Maryland but no "stair case" pattern was observed in M. borealis (Kaufmann 1968).
In captivity, beside the normal food plants mentioned above, both nymphs and adults
sometimes fed on egg pods and dead grasshoppers of their own species as well as on dried
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Fig. 1.-Influence of light and food preference on the feeding of adult Ilfelanoplus borealis. A, side view of
the cage with rows of Calamagrostis (black) and those of Taraxacum (white); B, the same cage
with the position of Taraxacum reversed. C, Calamagrostis canadensis; T . Taraxacum officinale; S ,
the sun; cross hatched, shady area. Height of columns is that of stumps left after feeding; the tallest
column denotes original height of plants.

Fig. 2.-Influence of light and food preference on the feeding of young nymphs of Melanoplus borealis.
Other explanations as in Fig. 1.

leaves or grass blades on the ground. Water was sucked eagerly on warm days. On
exceptionally warm days with the ground temperature reaching 4S°C, feeding was limited to
early mornings and late afternoons and the grasshoppers remained sluggish during the
hottest hours of the day. This, however, was rather exceptional in the arctic environment.
SOME MORPHOLOGICAL FEATURES RELEVANT TO FEEDING HABITS: The incisors
of both right and left mandibles of M. borealis are extremely sharp. The molars of the right
mandible are likewise sharp but smaller than the incisors while those of the left mandible
consist of one sharp and 2 blunt teeth (Fig. 3). In general, these mandibular teeth are
sharper than found in any of the other forbivorous species such as Psophus stridulus,
Oedipoda coerulescens, or Melanoplus differentialis studied by the author (Kaufmann
1965a, 1968). Accordingly, M. borealis is definitely a forb feeder although in reality this
acridid could also develop on grass blades. Mandibles of nymphs did not differ from those of
adults except in size and the proportions of light and dark areas. Tooth abrasion in old
adults at the time of death was considerable as both molars and incisors were reduced to
mere stumps (Fig. 4).
The morphology of the maxillae closely resemble that of M. differentialis with slender
laciniae and sharp terminal teeth. The abrasion of the maxillary teeth in old adults were less
pronounced than the mandibular teeth.

THE MICHIGAN ENTOMOLOGIST

Fig. 3.-Mandibles of adult Melanoplus borealis. RA, right anterior; LA, left anterior; RI, right inner; LI,
left inner view.

Fig. 4-Mandibles of old adult Melanoplus borealis. RA, right anterior; LA, left anterior
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BEHAVIOR
The caged grasshoppers aggregated wherever it was warmest depending upon the position
of the sun; when the sun was low, the insects were on the floor facing the sun, later they
climbed up the cage wall on the same side as the sun rose higher, and finally rested on the
cage ceiling when the sun was at the zenith. At night, when the ambient temperature fell
below 20°C, the grasshoppers were found either on the cage wall away from the window
(page 3) or roosted on the food plants, in which case horizontally spreading forbs were
preferred to vertically standing grass blades. Crawling sometimes began at 16"C, but the
insects were generally sluggish under 20°C. From 23" to 35'C, the animals became
increasingly active with frequent spontaneous jumping and flying. At 3S°C, some individuals
would still bask in the sun but all avoided direct sunlight at 40°C and above. In the field
when the ground temperature rose to an unusually high 46°C in July 1968, no grasshoppers
were found on the ground in their usual short vegetation habitat (page lo), but in dense
stands of tall grass. This temperature, however, is rather an exception in interior Alaska.
In rain the grasshoppers took refuge on vertical plants with their heads pointing skyward
and thus exposing the minimum body surface to the rain. An artificial rain in the cage
resulted in the same behavior; the insects immediately left the cage floor and climbed up
vertical plants or cage walls where they remained with few movements until the "weather"
cleared. After a rain, the grasshoppers "dried" themselves by stroking antennae, head, eyes,
wings, and abdomen with their legs. Stomping in the field on rainy as well as on very windy
or cold days did not cause the grasshoppers to jump out of their habitat.
When approached by a human in the natural habitat, adult insects reacted by jumping or
flying away, just once, 3@60 cm high above the vegetation for a short distance and then
dropping to the ground. Further approaches would not cause the insects to reappear, for the
moss-covered floor of the field offered the best protection against their possible predators
not only because the color of the insect blended perfectly with that of the environment, but
also the spongy texture of the moss provided numerous spaces for hiding. In the mowed
area with the height of vegetation not exceeding several centimeters, the adult grasshoppers
flew randomly 30-60 cm high above the ground for 50-150 cm at a time. Further
approaches produced a repetition of the same escape pattern. This difference in behavior is
evidently due to their ability to see the intruder. On exceedingly warm, dry, and windless
days, some individuals of borealis flew about a meter high when approached and covered a
distance of 3-6 meters. Thus, height and distance of flight may be affected by temperature,
moisture, and presence or absence of wind.

ECOLOGY
HABITAT: The type of field in which M. borealis is found in the Fairbanks area is a mixed
grass-herb-moss association. The most abundant vegetation included Calamagrostis canadensis, Arctagrostis latifolia, Equisetum arvense, Parnassia palustris, Epilobium angustifolium, and Salix padophylla followed by Trifolium pratense, Achillea sibirica, and Plantago
rugellii. Also present but less abundant were Solidago multiradiata, Taraxacum offcinale,
Geum macrophyllum, and Petusites frigidus. The ground was covered with moss. Within one
field, no Melanoplus borealis was found where vegetation was tall (1 m and above) and
dense, but individuals were concentrated in the area where vegetation was short (under 30
cm) and sparse enough to allow sunrays to penetrate to the ground surface. The preference
for this nlicrohabitat was very pronounced, for wherever vegetation became tall, the
grasshoppers abruptly disappeared and appeared again when this condition gave way to a
more suitable habitat. Consequently, the distribution of borealis even within one habitat
was patchy depending upon the height and density of tall plants. In general, acridians are
sun loving insects; borealis is no exception as it spends most of its time on or near the
ground basking in the sun. From mid-June to mid-September, the surface of the ground
freely exposed to the sun was 410°C higher than the ground covered with tall grass.

'

1971

THE MICHIGAN ENTOMOLOGIST

11

Moreover, arctic summer is brief and temperatures often fluctuate severely. Thus, effective
utilization of the sunlight is vital for the development and reproduction of this insect.
Unexpectedly, in mid-July 1967, grass was mowed t o within a few centimeters of the
ground in approximately one-half of the observation site. Five days later, the percentage of
the adult grasshopper population in the original part of the habitat did not differ greatly
from that in the mowed area. However, 10 days later, the proportion had changed
drastically as the population in the mowed area more than doubled. Finally, 15 days after
the grass was cut the majority of the acridians had moved t o and was concentrated in this
artificial habitat where, due to the very short vegetation, the ground temperature was 2-3'C
higher than in the natural habitat (Table 4).

Table 4. Movement of M. borealis adults from normal t o artificially created habitat in the
Observation Site.
Date

Normal Habitat
% acridians
ground temp.
iC)

July 20
July 25
July 30

20.5
26.0
21.0

Mowed area*
ground temp.
% acridians
(C)

53
30
12

"One-half of the Observation Site was mowed on July 15, 1967 (see text).

Other open grasslands adjacent to the observation site had identical physical structures
and vegetation. However, willows (Salix padophylla) in them were much taller and bulkier,
and since this plant was abundant, microclimatic conditions on the ground were bound t o
be affected by their presence. Probably this is one of the main reasons why Melanoplus
borealis did not occur in these fields. It also suggests that regular mowing of grasslands
might help propagate borealis in the arctic for the reasons explained above.
POPULATION: The size of the population of M. borealis in any one habitat in and around
Fairbanks was never large. Of a dozen open fields examined in 2 summers, only 1 had
sufficient numbers of this species to enable this research.
Very young nymphs were always found concentrated in loose groups in places not far
from where they had eclosed. However, as growth proceeded, accompanied by increasing
physical strength, keener sense organs, and finally by the acquisition of wings, the
grasshoppers dispersed into progressively wider areas. This often gave an impression of a
drastically decreased acridid population especially when the habitat was large. Other factors
for dispersal included height, density, kinds of vegetation, temperature, humidity, and
weather conditions. In short and sparse vegetation, the grasshoppers (especially gymphs)
travel more easily than through tall and dense vegetation. Also, stands of vertical grass offer
less resistance for movement than horizontally spreading herbs and shrubs. Rain, wind,
temperatures below 20" or above 40°C or any combination of these immobilized the
acridians; while at 23-3S°C, the adult insects flew so frequently that they covered wide areas
in a relatively short period.
From the middle t o the end of August, 1967, the observation site was completely covered
by a few feet of flood water from the Chena River destroying not only the eggs which had
already been laid but also many females before and during oviposition. Very probably due
to this natural catastrophe, the numbers of borealis collected in the observation site in the 2
summers showed that the size of the borealis population of 1968 was approximately
one-half that of 1967 (Table 5).
HIBERNATION: Melanoplus borealis hibernates as eggs only. During midwinter, the eggs in
the ground were exposed t o -So t o -21°C under a few feet of snow cover. Depending upon
the weather conditions of the year, from one to two months before eggs hatch in mid-June,
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Table 5. The comparison of M. borealis population during the month of July in 1967 and
1968 in the Observation Site.
No. of individuals caught in one hour

Date

July
July
July
July

7
14
21
28
Total:

1967

1968

41
86
28
23

26
32
16
12

178

86

open fields in the Fairbanks area become marshy due to melting snow, and M. borealis eggs
are literally soaked in water during this period. This actual immersion of the eggs in free
water is probably necessary for viability.
The period of egg hibernation is from mid-September to midJune of the following year.
According to Kreasky (1960), eggs of borealis hatched in the laboratory after 2 years'
diapause in the soil. His specimens were collected in high altitude rangeland in the northern
Rocky Mountain region. This was not observed in subspecies borealis borealis Fieber in the
Fairbanks area during the 2 years of this investigation.

DISCUSSION
In the arctic as in desert areas, the matter of timing is essential t o survival of the species.
Melanoplus borealis eggs hatch only within a brief period of 10-15 days in June when the
day consists of 22 hours of daylight and 2 of twilight. Because of this, during the
development of this insect, never more than 4 (usually 2-3) different instars were observed
in nature at one time (Table 3), and the time of adult emergence occurred also within 15-20
days. In contrast, Zonocerus variegatus in Ghana, West Africa (6"N) oviposited from
December to March and the eggs hatched from July to October, respectively (Kaufmann,
1965a). Consequently, the nymphs of different stages and adults existed from July to
December as the post embryonic development of this grasshopper covered 3 months.
Finally, from December to March, there were only imagines (Kaufmann, 1965a). Thus, it
had long been thought that Z. variegatus was multivoltine. This strong contrast between M.
borealis and 2. variegatus in 2 entirely different geographical regions of the world well
illustrates the responses of the acridians to their particular environments.
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BOOK REVIEW
THE WASPS. Howard E. Evans and Mary Jane West Eberhard, with drawings by Sarah
Landry. Ann Arbor: The University of Michigan Press, 1970. vi, 265 pp. Paper, $3.45.
This pocket-sized book is indeed a high point in recent entomological literature.
Concisely written, and including a remarkable amount of new or recently published
information, The Wasps is essentially a comparative natural history of these fascinating
animals. Only the "higher" or aculeate wasps are covered, a fact not clear from the title.
After a brief survey of the Hymenoptera, five chapters follow: two on solitary species, two
on social wasps, and a fascinating final chapter treating the diverse and often intricate biotic
relationships of wasps. The book is generously illustrated, with 122 figures about equally
divided between ph~tographsand drawings; several photographs of tropical social wasps
appear here for the f m t time. The University of Michigan Press is to be commended, as the
book is virtually free of typographical errors, and the photographic reproductions are of the
highest quality.
Many new or little explored areas of wasp behavior are discussed, including phoretic
copulation, dual sex-linked mimicry, and the remarkable relationships of tropical social
wasps with birds and ants. One interesting tidbit mentioned is the recent discovery that
certain bats are important predators on some social wasp colonies. A major theme
throughout The Wasps is the development of sociality among the Aculeata, and "the social
ladder" presented here is of particular interest. A new and simplified classification of the
nests made by wasps will also be welcomed by students who have struggled with the more
cumbersome terminologies of other authors.
The enthusiasm and admiration for wasps shared by the authors is conveyed to the reader
by the numerous delightful word-pictures sprinkled throughout; for example, there are the
paper wasps that "terrorize housewives, ruin picnics, and build the large aerial nests that
challenge fleet-footed stone-throwing boys the world over". A simplified, mostly nontechnical terminology is employed throughout, but a two-page glossary is appended. It is
somewhat distressing to find only a half page of suggested readings at the end, and an
unfortunate omission is a bibliography of the numerous references cited in the figure
captions and throughout the text.
Nevertheless, The Wasps achieves the rare distinction of being not only a highly readable
popular treatise, but also being without doubt the best, and indeed the only synthesis of
much recent literature on the comparative natural history of aculeate wasps. As such, it
should be a required evening's reading for all students of insects, and a part of every
entomological library. One hopes that it will not be long before the appearance of a similar
well-organized, up-to-date synthesis treating that other half of the wasp world, the parasitic
Hymenoptera.
Robert W. Matthews
Department of Entomology
University of Georgia
Athens, Georgia 30601
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THE FEASIBILITY OF USE OF CAECAL A N D DIVERTICULAR
COLORATION IN FIELD DETERMINATION OF GRASSHOPPER D I E T ' , '
Michael Tyrkus
Department of Biology, Wayne State University, Detroit, Michigan 48202

INTRODUCTION
Many studies have been undertaken in the past on the food selection, food preferences,
and economic damage of various grasshoppers and their allies. Among the more salient of
these researches are those of Anderson (1961, 1964); Ball (1 936); Bindra (1958); Boldyrev
(1928); Blackith and Blackith (1966); Brues (1946); Chapman (1957); Dibble (1940);
Gangwere (1959, 1960, 1961, 1965, 1965a, 1966, 1966a, 1967);Husain etal. (1946); Isely
(1938, 1946); Isely and Alexander (1949); Joyce (1952); Mulkern and Anderson (1959);
Mulkern, Anderson, and Brusven (1962); Mulkern e t al. (1969); Pfadt (1949); Riley (1878);
Roonwal (1953); Savin (1927); Weiss (1924); and Williams (1954). Techniques useful in the
investigation of food selection are t o be found in certain of the above reports. Especially
noteworthy in this respect are those by Blackith and Blackith, Chapman, Gangwere (1961),
Isely and Alexander, Joyce, Mulkern and Anderson, Pfadt, Roonwal, and Savin.
The relatively new technique of Blackith and Blackith (1966) involves the comparison of
colorations in the ileal diverticula of morabine grasshoppers (Orthoptera: Eumastacidae).
The digestive caeca of eumastacids were previously discussed by Slifer (1944), and those of
other groups by Gangwere (1966) in a comprehensive paper dealing with the mechanical
handling of food in the orthopteroid alimentary canal. There is also an extensive literature
on the gut physiology of these insects, some of which is appropriate to a consideration of
the caeca and diverticula.
The possibility that the method of Blackith and Blackith is applicable to other groups of
Orthopteroidea prompted the present research, which is, in part, an attempt to test the
feasibility of using gastric caecal and diverticular coloration in studying the food-habits of
certain members of the Michigan fauna. Moreover, assuming that the method is applicable,
and is utilized in an area of known floral composition, it should be indicative of the effect
that availability of food plants has on the diets of the various species studied; that
possibility is also investigated.
MATERIALS AND METHODS
During the field season of 1968, various species of Orthopteroidea (largely Acrididae)
were collected at Proud Lake and Pontiac Lake Recreation Areas, Oakland County, and at
Stoney Creek Metropolitan Park, Macomb County, Michigan. Laboratory populations of the
captured insects were maintained for later study using the grasshopper rearing cages
described by Gangwere (1960), slightly modified by the use of pie tins both as cage top and
as bottom, and were given appropriate maintenance food plants in Erlenmeyer flasks.
During actual experimentation, individual grasshoppers were isolated in cages such as
were described by Gangwere (1960) for rearing mantids. The insects were starved for 24 to
48 hours (emptying the gut), but during this period were given access to drinking water
supplied in cotton-stoppered vials. Following starvation, a known species of food plant was
introduced into each cage, and the animals were allowed to feed for 2 to 24 hours. The
range of allowed feeding time was determined by the hours necessary to produce particular
colorations and to study the mode of color change. The grasshoppers were then killed with
ethyl acetate. Under a binocular dissecting microscope, the terminal portion of the abdomen
was cut off, the animals were decapitated, and the freed gut was pulled through the foramen
magnum t o be placed on a clean, dry microscope slide. As the dissection was immediate, it
l ~ o n t r i b u t i o nNo. 247 from the Department of Biology, Wayne State University, Detroit, Michigan
48202.
2 ~ a s e don a thesis submitted in partial fulfillment of the degree of Master of Science, Wayne State
University.
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Fig. 1. Alimentary canal of the grasshopper, Syrbula admirabilis (Uhler), showing four of the six caeca and
their caudal diverticula. ca, caecum; cr, crop; di, diverticulum; mt, anterior intestine; mt, malpighian
tubule; a , oesophagus; r, rectum; rp, rectal "pad"; vt, ventriculus ("stomach").
Fig. 2. Alimentary canal of Syrbula adrnirabilis showing the first sequence of color change in the caeca and
diverticula. Sequence denoted respectively by a, b, c, and d.
Fig. 3. Alimentary canal of Syrbula admirabilis showing the second sequence of color change in the caeca
and diverticula. Sequence denoted respectively by a, b, and c.
Fig. 4. Alimentary canal of Syrbula admirabilis showing the third sequence of color change in the caeca and
diverticula. Sequence denoted respectively by a and b.
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was not necessary to use an isotonic solution t o maintain the gut tissues. This avoidance of
the use of saline solution was actually desirable so as not t o mix the gut contents.
Coloration of the caeca and diverticula was recorded immediately, for the observed colors
proved highly ephemeral.
The following species are investigated:
Acrididae: Gomphocerine (Slant-Facted Grasshoppers)
Chorthippus c. curtipennis (Hams)
Acridadae: Oedipodinae (Band-Winged Grasshoppers)
Arphia p. pseudonietana (Thomas)
Dissosteira carolina (Linnaeus)
Encoptolophus s. sordidus (Burmeister)
Pardalophora apiculata (Harris)
Spharagemon b. bolli (Scudder)
Acrididae: Catantopinae (Spine-Breasted Grasshoppers)
Melanoplus confusus (Scudder)
Melanoplus f -r femur-rubrum (De Geer)
Melarzoplus s. sanguinipes (Fabricius)
Tettigoniidae: Phaneropterinae (Bush and Round-Headed Katydids)
Scudderia c. curvica~tda(De Geer)
RESULTS
The results of the study are presented in Table 1 (Caecal and Diverticular Coloration of
Selected Orthoptera).
DISCUSSION
The orthopteroid insects possess a number of blind pouches at the proximal end of the
ventriculus (Fig. 1). They include the caeca (those pouches that project cephalad) and the
diverticula (those that project caudad). Distinct colors and color patterns were observable in
the caeca and diverticula of the species fed and studied in the present investigation (Table
1). These patterns proved to be superficially visible when the gut was first removed from the
body, and were even brighter and more intense on its interior walls (as was indicated by
observations on the slit gut). Moreover, within the exposed lumen there was, at times, a
small volume of fluid with a slight hue generally indicative of the wall coloration. These
several colors and color patterns were highly ephemeral, which necessitated immediate
observation before they faded and were replaced by the dark hues of the death condition.
The guts of starved animals were always dark brown to black in color. This "starved"
coloration changed promptly with feeding. Sequentially timed dissections after feeding
demonstrated disappearance of the "starved" coloration in a rather prescribed manner: the
"starved" coloration first disappeared from the proximal end of the caeca. This new
coloration (in part attributable t o the food source) then spread from the proximal t o the
distal end of the caeca, while simultaneously it replaced the "starved" condition in the
proximal portion of the diverticula. The distal portion of the diverticula was generally the
last area in which the coloration underwent food-induced change (Fig. 2).
Two relatively common variations to the above general pattern of color change were
observed. In the first, coloration began simultaneously both in the proximal caeca and in the
proximal diverticula, and then spread through the remaining area of the caeca and then of
the diverticula (Fig. 3). In the second variation, there was a simultaneous, relatively
synchronized spreading of color throughout the length both of the caeca and of the
diverticula (Fig. 4), but at times lines or stripes of the "starved" condition coloration
persisted, usually slightly lighter than their initial shade.
Large variations in coloration were seen, both within given species arid between them.
However, in all cases, the intensity and distinctiveness of the observed coloration appeared
related t o the amount of food present in the midgut. Thus, when the gut contents were
concentrated in the hindgut, the caecal and diverticular coloration was less well defined.
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The hoped for (but not expected) specificity of color based on food source was not
encountered. There proved to be a wide range of color variation, but it was not sufficiently
consistent t o submit to classification. Individuals of a given grasshopper species were
sometimes observed to develop different coloration when eating different parts-and
sometimes even identical parts-of the same plant species. It is apparent that gut color
variation is due, in part, to food source, but is also greatly modified by the animal's internal
physiological state, which rules out use of the technique for field determination of Michigan
grasshopper food-habits.
The possibility that caecal coloration is a function of genetic factors inherent within a
single grasshopper population is also dismissed, based on the complete absence of any
noticeable difference in the animals collected from different stations. It seems more likely
that the observed patterns of coloration are the result of the extraction of plant pigments
from the food, as modified and influenced by digestive enzymes and other substances
present in the feeder's alimentary tract.
CONCLUSIONS
In light of the results of the present study, it appears that the gut coloration in
non-morabine grasshoppers-at least in the species here investigated-is not sufficiently
specific to submit t o classification, and cannot be used as an index of food-habit. The
observed colors and color patterns prove ephemeral, for they change with the onset of
feeding, and are continuously altered as the food progresses along the length of the
alimentary tract. These colors doubtlessly derive from substances within the food source, as
modified by the internal state of the feeder.
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Table 1. Caecal and diverticular coloration of selected Orthoptera
Foods

Plant parts

Feeders

Caecal
coloration

Pardalophora apiculata

Golden; brown
Golden; brown
Golden; brown
Yellow-green
Brown
Olive
Yellow-green
Yellow-brown
Golden; brown

ingested3

Gramineae
Agrostis sp.
,>

>,

I,

7,

7,

,,

Eleusine indica

,,
,

7,

3,

7,)

Melanoplus s. sanguinipes
9,

39

7,

,,
7

Diverticular
coloration
striped
striped
striped

striped

Yellow-white
Yellow-white with
reddish brown tips
Yellow-brown striped
Yellow
Yellow-brown striped

Grass sp.

,, ,,

Dissosteira carolina
Melanoplus f:-r. femurrubrum
Encoptolophus s. sordidus

Amber
Dark blue (distally);
creamy brown (proximally)
White
Dull pink
Pale golden

w

Golden
Golden
Golden
Y ellow-green
Brown
Olive
Yellow-green
Black
Golden-brown
striped
Dark green
Black
Yellow-brown
striped
Yellow
Yellow-brown
striped
Amber
Creamy brown
White
Dull pink
Golden brown &
brown striped
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Table 1 (Continued)
Cruciferae
Lepidium virginicum
Fabaceae
L'espedeza sp.

,

,

Lythraceae
Lythrum salicaria
Umbelliferae
Daucus carota
6
9

Asclepiadaceae
Asclepias tuberosa

Melanoplus confusus

Golden; brown striped

Melanoplus s. sanguinlpes

Golden; brown striped

Golden; brown
striped
Golden

Melanoplus s. sanguinipes

Milky white
White

Milky white
White

Scudderia c. curvicauda

Purple

Purple

2m

Spharagemon b. bolli
Melanoplus confusus

Yellow
Pale green
Golden

Yellow
Pale green
Transparent

Z

Dark brown (starved
animal)
Black (starved
animal)
Black (starved
animal)

Dark brown
(starved animal)
Black (starved
animal)
Black (starved
animal)

Golden green
White

Y ellow-white
Yellow t o gold
White

37

,?

Melanoplus s. sanguinipes
Melanoplus confusus
9,

Labiatae
Monarda fistulosa
3

z
*z
m

tj

2

gE
rn

Melanoplus s. sanguinipes
9,

3,

Composit ae
Galinosoga parviflora
Lactuca sp.

z
0

7,

9,

Melanoplus s. sanguinipes
Pardalophora apiculata
Melanoplus s. sanguinipes
Melanoplus confusus
9,

99

Yellow-brown striped
Pale t o bright yellow
(distally t o proximally)
Whitish yellow
Green
Golden

4

Yellow
Cream
Whitish yellow
Pale black
Golden
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WHITE GRUB POPULATIONS, PHYLLOPHAGA SPP., I N RELATION
TO DAMAGED R E D PINE SEEDLINGS I N MICHIGAN
A N D WISCONSIN PLANTATIONS
(COLEOPTERA: SCARABAEIDAE)
Richard F. Fowler and Louis F. ~ i l s o n l

INTRODUCTION
White grubs (Coleoptera, Scarabaeidae), the larvae of May and related beetles, are
destructive pests in some young pine plantations in the Lake States Region. They live in the
soil and feed on roots of trees and other vegetation. Larvae chew off the smaller and girdle
the ldrger roots of pine seedlings, and consequently reduce growth, weaken, and kill the
sezdlings.
Recommendations against planti.ng or for control measures have been made for grub
population densities ranging from 4 . 4 / f t 2 , 2.0/ft.3, 2.0/ft.', down to 0.5 grubs/ft2 of soil
surface (Stone and Schwardt, 1943; Rudolf, 1950; Speers and Schmiege, 1961 ;Shenefelt et
al., 1954).
A study was carried out to accurately assess or predict grub-caused mortality and damage
to seedlings from a given grub population density. This information is necessary for making
control recommendations.
METHODS AND MATERIALS
White grub populations and the degree of root damage on red pine seedlings were studied
in 16 recent plantations located on the Hiawatha National Forest, Michigan, and
Chequamegon and Nicolet National Forests, Wisconsin. Four of these plantations were
established in the spring of 1967 and eight in the spring of 1968. The white grub population
estimates were made in the summer, and root damage estimates in the fall of 1968.
White grub populations were sampled with a cubic metal frame, 12 inches on a side,
driven into the ground to facilitate removal of a 1 ft.3 soil sample. The soil inside the frame
was removed and sifted through a 114 inch hardware-cloth screen t o retrieve the grubs. In
each of 12 plantations, four samples per line were taken at regular intervals along four
parallel lines across the plantation. The four other plantations were sampled more
intensively. There thirty soil samples were taken along five parallel lines within a 4-acre
block.
Root damage was determined by excavating red pine seedlings from the vicinity of the
soil sample holes. In 12 plantations, 20 seedlings were dug near each of the 16 soil sample
holes (320 seedlings/plantation). In each of the four other plantations, 90 seedlings were
dug from five Cacre plots (450 seedlings/plantation). Roots of living as well as dying and
recently dead seedlings were scored for feeding injury according to a Damage Index
modified from Johnston and Eaton (1939) as follows:
Score 1 234-

no grub injury
up t o 33% of fibrous roots destroyed by grubs
3466% of fibrous roots destroyed by grubs
67-99% of fibrous roots destroyed by grubs; also included seedlings completely
stripped of fibrous roots but which had grown some new root tips.
5 - 100% of fibrous roots destroyed or tap root severed above all fibrous roots.
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An average Damage Index was con~putedfor each plantation. A DI of 1.00 means there
was no injury and a DI of 5.00 means all seedlings were destroyed.
Six genera, Phyllophaga, Serica, Diplotaxis, Dichelonyx, Aphodius, and Geotrupes, were
identified from larvae in the plantations on 12 ranger districts. Adults are needed for species
identifications (Boving 1937). Phyllophaga accounted for 56% of all grubs, Serica 3 1%, and
other genera 13%.
Phyllophaga spp. includes some of the largest and most destructive white grubs, but not
all species are equally damaging. Graham (1958) reports 78%, 4876, and 3% red pine
seedlings killed by three separate species of Phyllophaga. The members of this genus have a
3-5 year life cycle in the Lake States.
Serica spp. are smaller than Phyllophaga and less important in pine plantations (Craighead
1950, Graham 1958, Ives and Warren, 1965). Graham (1958) reported 13% and 18% of his
seedlings killed by these grubs which have a 2-3 year life cycle.
Diplotaxis spp., and Dichelonyx spp., both with small larvae and 2-3 year life cycles, are
uncommon in Lake States plantations. but have caused some injury (Craighead 1950,
Graham 1958). Aphodius spp. and Geotrupes spp are dung feeders, although some
Aphodius spp. may feed on living roots.
Regression analyses were run t o see if Damage Index and percentage of trees damaged
were related t o white grub population levels. The relationship between Damage Index and
percentage of trees damaged was also examined.
RESULTS
r s Phyllophaga per ft.3 ;
The Damage Index was found to be related to 1) mean n ~ ~ m b eof
2) mean numbers of Phyllophaga and Serica per f t 3 ; and 3 ) mean numbers of white grubs
of all genera per f t 3 . The addition of numbers of grubs in genera other than Phyllophaga to
the grub count did not improve the precision of making damage estimates. Thus, in the
plantations used in this study, data of Phyllophaga alone were sufficient to make damage
predictions (Fig. 1). This was true even though the count of Serica grubs far exceeded
Phyllophaga in one instance.
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MEAN PHYLLOPHAGA PER CUBIC FOOT OF SOIL
Fig. 1. Relationship between mean number of Phyllophaga larvae per cubic foot of soil and degree of
damage to red pine seedlines. White discs are 1967 plantings, black discs 1968.

In order to improve the relationship between Damage Index and the Phyllophaga
population, larval size should be considered because large larvae eat more than small ones.
Head capsule widths were therefore measured and plotted in a frequency histogram to
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separate grubs by instars. The following Feeding Index was formulated to adjust for larval
size: FI=[Nl + 2N2 + 4N3 + 8N41 /n where N1, N2, etc., are the numbers of larvae in instars
1, 2, etc., and n is the mean number of larvae collected per plantation. We assumed that the
amount of feeding damage doubled for each instar. Hence the factors 1, 2, 4, 8, based on
observations of sawflies by Wilson (1966). A closer relationship between the Damage Index
and the PI7yllophaga population resulted (Fig. 2).

PHYLLOPHAGA FEEDlNG INDEX
Fig. 2. Relationship between mean number of Phyllophaga larvae per cubic foot of soil adjusted for larval
size (feeding index) and degree of damage t o red pine seedlings. White discs are 1967 plantings,
black discs 1968.

A similar relationship exists between percentage of trees damaged by grubs and mean
number of Phyllophaga (Fig. 3). This relationship likewise improves when larval size (as a
feeding index) is included (Fig. 4).
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Fig. 3. Relationship between mean number of Phyllophaga larvae per cubic foot of soil and percentage red
pine seedlings damaged. White discs are 1967 plantings, black discs 1968.
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Fig. 4. Relationship between mean number of Phyllopl~agalarvae per cubic foot of soil adjusted for larvae
size (feeding index) and percentage red pine seedlings damaged. White discs are 1967 plantings,
black discs 1968.

The regression line of Damage Index over percentages of trees examined appears to give a
good estimate of the Damage Index when more than 10% and less than 90% of the seedlings
are damaged (Fig. 5). This relationship is useful in certain types of surveys where seedlings
can be dug but time does not permit root scoring.

Y = 1.08 t 0.03X
X
o
W

Z

4-

r2 =

.89

S.E. = 0.22

n = 16

w 3-

0

4

I
4

-

0

2-

0

10

20

30

40

50

60

70

80

90

100

PERCENTAGE T R E E S DAMAGED

Fig. 5. Relationship between degree of larval Phyllophaga damage and percentage of red pine seedlings
damaged. White discs are 1967 plantings, black discs 1968.

DISCUSSION AND CONCLUSIONS
The results indicate that a reasonable seedling damage estimate from Phyllophaga grubs
can be made before planting or in a freshly planted stand. After estimating the larval
population from a survey, the damage can be estimated from Figures 1-4. Percentage of
trees damaged can also be used t o arrive at a Damage Index from Figure 5 when Phyllophaga
injury is suspected.
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The most serious result of grub feeding is seedling mortality which may extend beyond
the fourth growing season. From the data collected, a reasonable estimate of seedling
mortality into the second growing season can be made. If we assume nonsurvival of seedlings
scored 4 and 5 (67-10070 root-killed) by the second growing season that appeared alive
during the first season in addition to the actual first year mortality from all agents, a graph
can be constructed showing minimum (score 5) and maximum (score 4 and 5) predicted
mortality for various grub populations (Fig. 6). A plantation with 0.5 g r u b ~ / f t would
.~
lose
between 16 and 34% of its seedlings by the second growing season after planting, including
non-grub mortality estimated to be about 4% by that time.
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Fig. 6. Estimated mortality (within triangle) of red pine seedlings from P11yllopl1aga feeding one year after
planting including initial 4% mortality from other agents.

Several authors have suggested that a population of 0.5 grubs (per ft.' or ft.3) or more is
a "damaging" population. Second season mortality predictions suggest that control should
be considered at levels lower than 0.5 grubs, especially since mortality in third and fourth
years could substantially increase that presently predicted. A reasonable grub population
level for which control would always be necessary cannot be given until actual third and
fourth year mortality has been determined, but it would most likely be less than 0.25
gmbs/ft.' if the maximum acceptable seedling mortality were 20%.
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ANNUAL VARIATION IN STARTING DATE OF SPRING FEEDING
BY THE EUROPEAN PINE SHOOT MOTH IN A MICHIGAN PLANTING
William E. Miller
North Central Forest Experiment Station, IJSDA Forest Service, St. Paul, Minnesota.

ABSTRACT
New tents spun in five successive springs by the European pine shoot moth (Rhyacionia
buoliana [Schiff.] ) in a Michigan planting of red pine (Pinus resinosa Ait.) occurred about 2
days later each year. This trend is believed due t o habitat cooling as trees grow larger. In
another planting feeding was more advanced on small trees than on large trees.
INTRODUCTION
Feeding in buds and elongating shoots, the European pine shoot moth (Rhyacionia
buoliana (Schiff.)) disrupts the growth of young pines. It can be suppressed with contact
poisons in the spring or summer at earliest signs of feeding. After wintering in or near
injured buds, partly grown larvae turn t o fresh buds in April. Before boring in, each larva
spins a silken, tentlike anteroom. Tents are soon coated with resin and other debris. This
makes them conspicuous and useful for accurately timing suppression treatments (Miller
1967). Pointing (1963) has described early spring larval activity in detail.
A study was done to learn more about how starting date of spring feeding varies from
year t o year. Few starting dates have been reported. In northeastern Ohio, three
observations ranged from April 13 t o 2 0 (Miller and Neiswander 1955). These were based on
casual checks in a different pine planting each year. In southern Michigan, more rigorous
studies yielded two starting dates: April 14 (Graham and Williams 1958) and April 17
(Haynes and Butcher 1962). Apparently, starting dates have not been reported for more
than one year in the same planting.
A 5-year record of incipient tent spinning was made in a red pine (Pinus resinosa Ait.)
planting near East Lansing, Michigan. Later, an observation in a different red pine planting
tested whether starting date varied with tree size. In brief, results show that incipient spring
feeding occurred later each year. It also appeared earlier on small trees than on larger ones.
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FIVE-YEAR RECORD
Early each spring, frorn 75 t o 100 injured tips were tagged so they could be easily spotted
for regular checking. These tips were located in all crown parts of 30 t o 40 trees; half were
tagged below midcrown and half above. The trees were part of a I-acre planting growing on
a 3 per cent, west-facing slope. They were 3.5 feet tall the first year. The site was good and
the trees grew about 1 foot taller every year despite shoot moth attack. Tagged tips were
checked every 2 or 3 days. When a new tent was found, the date was noted and the tag
removed. A tip was not checked again once a tent appeared on it.
New tents were spun about 2 days late1 each year (Fig. 1). Because larvae spin more than
one tent in the spring and second tents begin to appear about the 10th day of feeding
(Haynes and Butcher, 1962), the trend lines were cut off before the tenth day.
Initial spinning dates of the shoot moth over a 5-year period could occur in 120 different
sequences (S!). The orderly trend of starting dates seems too unique among so many
possibilities to be a chance occurrence. I t is reasonable to look for another explanation. A
cooling trend seemed likely and there were two possible sources: local climate and planting
microclimate.
Official weather records from the East Lansing-Lansing area for 1958-62 were examined.
March and April avePages of mean, minimum, and maximum daily temperatures followed
similar patterns. These patterns did not show a consistent downtrend, but there was a
decline between all pairs of years except the third and fourth. Average daily means for
March and April were 42.6, 40.0, 35.4, 39.4, and 38.6" F.

Fig. 1. Onset of spring feeding as gaged by new tents in a red pine planting near East Lansing, Michigan,
1958-62.

As for microclimate, Haynes and Butcher (1962) found that daily high April
temperatures averaged 6 degrees more on the ground under red pine trees than in crowns 7
feet up. This helped t o explain why their larvae near the ground began activity earlier than
cohorts higher on the same trees. Pointing (1 963) also found that 10 larvae within 2 feet of
the ground started spring feeding an average of 5 days sooner than 49 larvae higher up. He
inferred that ". . . spring feeding will start . . . somewhat earlier on small trees than on larger
trees.. .". Thus, both macro- and microclimate could have contributed to a cooling trend.
To further explore the role of tree size, the following direct test was undertaken.
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DIRECT TEST OF TREE SIZE

The onset of early spring feeding was to be compared on small and large trees growing
side by side. Another red pine planting near East Lansing, Michigan, was used in which there
were uneven-aged blocks of half an acre or more. The younger trees were about 2.5 feet tall
and the older ones about 8 feet tall-similar to the starting and ending tree heights in the
planting used to get the 5-year record. The part of the planting used was growing on a 5 per
cent, north-facing slope. Equal numbers of injured tips were tagged in two rows of small
trees and in two neighbor rows of large trees. Again, half the tags were placed above
rnidcrown and half below. The tagged tips were checked for new tents every 2 or 3 days.
Checking was ended 7 days after the first notice of activity. New tents appeared on 12 tips
of the large trees and 32 tips of the small trees during those 7 days (Fig. 2). Larval activity
on the small trees was about 2 days ahead of that on the large trees. This confirmed
Pointing's expectation and helped to show why spring feeding should have started later each
year: the trees were becoming larger.
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Fig. 2. Onset of spring feeding on small and large trees in a red pine planting near East Lansing, Michigan,
1963.

To conclude, starting dates of spring feeding by the European pine shoot moth were not
erratic. They varied only about 2 days between one year and the next. The fact that starting
dates tended to occur later each year over the 5-year period is most likely due to cooling of
the larval habitat associated with increasing tree size, perhaps also to a cooling trend in local
climate. The study planting doubled in height over the 5 years and lower branches began to
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interlock. Tips thus increased in average distance from the ground. As the ground under the
planting became more shaded, it probably absorbed less solar energy (Keifsnyder and Lull
1965). With tips becoming more remote from the ground and ground heat reserves
declining, the larval habitat would have grown cooler each year.
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BOOK REVIEW
CENTURIE DE LEPIDOPTERES DE L'ILE DE CUBA (1832). Felipe Poey y Aloy.
Hampton, Middlesex, England: E. W. Classey, 1970. xii, 4, [54] pp. $30.00. Entomological
Reprint Specialists, Los Angeles, California.
Felipe Poey (1799-1891) was born in Havana. After receiving his higher education in
Europe, he practiced law at the French court, and was a founding member of the Societe
Entomologique de France in 1832. In April of that year he began publication of the
Centurie, which, as the full title imples, was to contain descriptions and figures of one
hundred species of Cuban Lepidoptera. The work was to be issued in fascicles of ten species
each, but only two of these "decades" ever appeared, and the Centurie was abandoned after
publication of the second fascicle in July. Poey had, however, described eighteen new
species. In August he returned to Cuba, having given up the practice of law. His decision was
a lucky one for Cuban natural history, for he eventually became director of the Zoological
Museum of Havana, and wrote on topics ranging from ichthyology to geology.
The Centurie is now a scarce and costly book, lacking even in some of the larger
university collections of entomological literature. The very attractive Classey reprint will fill
some of these lacunae, although its relatively high price will place it beyond the means of
many private individuals. Unfortunately this is the result when a small press run and colored
plates combine t o cause high production cost, and a publisher with limited resources can
hardly be blamed for the situation.
There is an introduction by the well-known entomological bibliographer C. F. Cowan,
including a brief sketch of Poey's life and sections on the dating and arrangement of the
Centurie. Poey's four-page advance prospectus of the work is included, and the twenty
colored plates are faithful copies of Poey's originals, if not always of the original specimens;
for, as Cowan reminds us, white and red paints used in the hand coloring of plates have
often blackened with age. In the case of Arctia jussiaeae (appearing in most surviving copies
of the original to be a black moth, although it was originally painted in white), this has been
corrected, but in minor cases the publisher has quite understandably chosen not t o emend
the colors.
R. S. Wilkinson
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INVERTEBRATA PACIFICA (1903-7). Edited by C. F. Baker. Hampton, Middlesex,
England: E. W. Classey, 1969. [ii], 197 pp. $10.80.
Charles Fuller Baker (1872-1927) was born in Lansing, Michigan, and received his
undergraduate degree from Michigan Agricultural College [now Michigan State University)
in 1892. While on the faculty of the Colorado Agricultural College he collected extensively
in the West, specializing in the Homoptera. After a decade of varied employment, ranging
from service as botanist on the H. H. Smith expedition t o Colombia (1898-99) to teaching
high school in St. Louis, he returned to academic life and obtained his M.S. at Stanford in
1903.
Baker then spent a year teaching at Pomona College, California (1903-4), where he began
the serial Invertebrata Pacifica. From 1904 to 1907 he headed the Department of Botany at
the Estacion Agronomica, Santiago de las Vegas, Cuba, and for a year he was curator of the
herbarium and botanical garden at Para, Brazil. He then returned t o Pomona, where he
edited several biological journals. In 191 1 he joined the faculty of the University of the
Philippines, where he remained as professor and dean of agriculture until his death. Baker
contributed greatly t o the development of agriculture in the Philippines, but a greater
import t o entomology was his enormous collection of Western Pacific insects, which
occupied all his spare time and whatever funds he could divert from his salary. His Cuban
collector went with him to the Philippines and worked at developing and curating the
collection; Pacific insects were sent for study and determination t o experts around the
world. At Baker's death he held perhaps 600,000 specimens (including over 7000 types of
various orders), which were deposited in the U.S. National Museum.
Baker was already a well-known collector when he began theznvertebrata Pacifica series,
much of which was devoted to species descriptions either by him or from material in his
American collection. The very scarce serial, originally issued in twelve parts, contains
descriptions of Orthoptera, Plecoptera, Hemiptera, Homoptera, Neuroptera, Diptera,
Siphonaptera and Hymenoptera, chiefly from California, Nevada and Nicaragua. There are
collection records of other orders, including Isoptera, Mecoptera and Trichoptera. This
Classey reprint will be very welcome to students of these orders. I t is well printed and
attractively bound, but as in many reprints, there is no introduction.

R. S. Wilkinson
LEPIDOPTERA OF NEW YORK AND NEIGHBORING STATES. PART I(1923). William
T. M. Forbes. Los Angeles: Entomological Reprint Specialists, 1969. 729 pp. $17.50.
Entomological Reprint Specialists have done a fine service t o the field of entomology and
the study of Lepidoptera in particular by making the first volume of Forbes' work on the
Lepidoptera of the northeastern states generally available. This volume remains the only
comprehensive work on the numerous families included in the primitive moths, Microlepidoptera, Pyraloidea, and Bombycoidea for a major portion of North America. Modem
revisions have been completed for some of the families covered by Forbes, and so in these
areas the work is out of date; however, it will be many years before the entire fauna is
treated in a contemporary manner. Forbes' key t o the lepidopteran families remains a
singular contribution. It is the most usable and dependable one available for America north
of Mexico.
The facsimile edition is faithful t o the original, and thus many of the irregularities in type
are not a fault of the reproduction but rather of the original. The color contrast between
type and page is greater than in the out-of-print edition, making the facsimile more easily
readable.
Ronald W. Hodges
Systematic Entomology Laboratory, USDA
c/o U.S. National Museum.
Washington, D.C. 20560
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