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ABSTRACT

EFFECTS OF SOME PHYSICAL AND BIOLOGICAL FACTORS ON THE REPRODUCTION,
DEVELOPMENT, SURVIVAL, AND BEHAVIOR OF THE CEREAL LEAF BEETLE,
Oulema melanopus (Linnaeus), UNDER LABORATORY CONDITIONS

by Young Mok Yun

From June 1964 to December 1966, a series of laboratory studies
were conducted to investigate the effects of various physical and
biological factors on the reproduction, development, survival, and

behavior of the cereal leaf beetle, Qulema melanopus (Linnaeus).

Diapause development in the summer adults seems to be completed
after 90 days of storage at 38° F. in the laboratory. The free flight
by the overwintered adults occurred at 68° F. and a minimum of 55° F.
seems to be required for an effective initial mating and egg deposition.
More consistent egg laying was observed when the temperature reached
70° F. or more.

After 110 days of storage at 38° F., one laboratory-reared
female laid 1,251 eggs over a period of 153 days in a lamp chimney
cage. A field-collected active spring female laid 256 eggs during a
28-day period under the same laboratory conditions. An isolated
virgin female laid 129 eggs but none of them hatched.

Optimum environmental conditions for the active spring adults
seem to be 80° F., 95 to 100 percent relative humidity, and an 18-hour

light period. Over 93 percent of the eggs were deposited during a
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16-hour light period and only 7 percent during an 8-hour dark period
under laboratory conditions.

The cereal leaf beetle was able to complete its development
within a temperature range of 58° F. to 90° F. A more complete range
of temperature for the development is estimated to be between 54° F.
and 92.5° F. Thresholds of development were calculated as 529 F. for
the egg, 46.6° F. for the larva, 54° F. for the pupa, and 51.6° F. for
the entire immature stage. A complete development from an egg to
adult requires an average of 92 days at 58° F., 52 days at 67° F.,

28 days at 80° F., and 23 days at 90° F. Davidson's (1944) logistic
and linear regression equations were used to express the relationship
between temperature and the rate of development in the eggs, larvae,
pupae, and entire immature stages.

The overwintering adults seemed to be the most resistant of all
stages against the cold followed by eggs, pupae, larvae, active summer
adults, and lastly by active spring adults. The inactive summer adults
were the most resistant stage to the high temperatures of 110° F. and
120° F. followed by larvae, eggs, pupae and active summer adults, and
by spring adults.

Treatments of the summer adults with various combinations of
temperature and light period have failed to break diapause in this
beetle. Some of the early eggs laid by the summer adults were sampled
and raised to adults for three consecutive generations, but no apparent
non-diapausing strain of the beetle was detected.

Age-specific life and fertility tables were constructed for the

laboratory and field populations of the cereal leaf beetle. Out of
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1,000 eggs, 202 adults that are comparable to the spring adults sur-
vived after 90 days of storage at 38° F. Based on the 90-day storage
period at 380 F., the net reproduction rate for the laboratory popula-
tion was calculated as 3.94. The net reproduction rate of the field
population was estimated at 0.94 when the field mortality data of

Dr. R. F. Ruppel were applied.
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INTRODUCTION

The cereal leaf beetle, Oulema melanopus (Linnaeus), is one of

the oldest pests of small grains in the Old World. In the United
States, the pest was first reported in 1962 from Berrien County,
Michigan. Numerous individual and cooperative research projects have
been set up and carried out by investigators in Michigan, Indiana,
Ohio, and U. S. Department of Agriculture. Major areas of studies

were on biology, ecology, host plant resistance, and chemical and
biological control of the pest. During the five-year period from 1962
to 1967 these investigators have produced a large amount of information
regarding various aspects of the beetle.

In spite of the large-scale chemical control effort, the popu-
lation has increased and continued to spread. The pest was first
found in Ohio in 1963 (USDA, 1963), in Illinois in 1965 (USDA, 1965),
and in Pennsylvania in 1967 (USDA, 1967). 1In 1965 the pest was also
found in Ontario, Canada (personal communication with Mr. Maurice E.
Turner of Plant Pest Control Division, USDA).

European literature on the cereal leaf beetle is rather limited
and observations and results are often incomplete and inconsistent.
Apparently no systematic studies on this pest have ever been carried
out in Europe. Most European papers are simple records of field and
laboratory observations. The natural history of the cereal leaf beetle
has been described and a brief outline of the life cycle of the pest
is given in some European literature.

1
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Systematic studies on the natural history of the cereal leaf
beetle in the United States were initiated by Guyer (1962), Ruppel
(1964), Castro (1964), and Castro, et al. (1965). The information ob-
tained from these studies will be extremely useful in later studies on
population dynamics, host plant resistance, and optimistically the
eventual control of the pest. Their research, however, consisted
largely of field studies and many specific questions regarding biology
and ecology of the cereal leaf beetle are still left unanswered.

The author conducted a series of studies on the reproduction,
growth, and survival of the cereal leaf beetle under various laboratory
conditions during the two and a half year period from 1964 to 1966.
Laboratory results were compared with field observations wherever it
was feasible. It is hoped that the information obtained from this
study will be useful in future studies on biology, ecology, and control

of the pest.



DISTRIBUTION AND ECONOMIC IMPORTANCE

The cereal leaf beetle has been known as a pest of small grains
in Europe since at least 1737 (Kadocsa, undated). According to the
available literature from Europe, the beetle is distributed throughout
the humid and subhumid regions of the western Paleoarctic zone. This
area roughly covers the whole continent of Europe, parts of northern
Africa, Iran, Turkey, and central Siberia eastward (Hodson, 1929;
Balachowsky and Mesnil, 1935; Urquijo, 1940; Venturi, 1942; Sengupta
and Behura, 1957; USDA, 1958; and Balachowsky, 1963).

The pest is generally considered as scarce and sporadic through-
out most of the range. However, more frequent and severe damage to
small grains has been recorded in the region of the Balkans, the
Ukraine and the Transcaucasia area of the Soviet Union. This region -
has a continental climate and the abundance of the beetle is apparently
favored by an early warm spring followed by a relatively dry summer
(Kadocsa, 1916; Balachowsky and Mesnil, 1935 and Urquijo, 1940).

The cereal leaf beetle was first identified in the United States
in July of 1962 from specimens collected in Berrien County, Michigan.
How and when the pest reached the southwestern corner of Michigan is
still not known. A few farmers in Galien, Michigan reported that they
sprayed their oat fields as early as 1959 to control the then uniden-
tified pest. The infestation of the pest and damage to the small
grains, especially spring-planted crops, became heavier and heavier

3
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during the subsequent years (unpublished survey report by Michigan
Department of Agriculture, 1962).

A survey conducted in summer of 1962 indicated that Berrien and
Cass Counties in Michigan and adjacent St. Joseph and LaPorte Counties
in Indiana were infested with the cereal leaf beetle (USDA, 1962).
The beetle was first found in Ohio in 1963 (USDA, 1963) and the in-
fested area has continued to expand mainly to the north, east, and
south following the directions of prevailing winds. The pest has moved
westward into Illinois in 1965 (USDA, 1965). In the same year the
beetle was discovered for the first time in Harrow and Essex Counties
in Ontario, Canada (personal communication with Mr. Maurice E. Turner
of Plant Pest Control Div., ARS, USDA, Lansing, Michigan). The pest
has moved further eastward into Pennsylvania in 1967 (USDA, 1967).
The number of counties infested with the beetle in five states is
given in Table 1 and the general distribution of the pest in the United
States from 1962 through 1967 is shown in Figure 1. The population
density of the cereal leaf beetle is still highest around the original
sites of infestation in 1962, namely southwestern Michigan and adjacent
counties in northern Indiana.

The actual yield reductions caused by spring adults and larvae
of the pest have been estimated at 12 to 28 percent in winter wheat
and 15 to 35 percent in spring oats and barley. It is also estimated
that in Michigan, a minimum annual loss of 1.93 million dollars from
the beetle damage can be expected in the areas where the beetle popula-
.tion is high. An annual loss of as much as 11.85 million dollars can
be expected if the pest becomes established in the entire state (from

unpublished data by Dr. R. F. Ruppel in 1965).



TABLE 1.--Total number of counties infested with the cereal leaf beetle
by state and year (from USDA 1966b and 1967)

Total Number of Counties Infested

State 1962 1963 1964 1965 1966 1967
Michigan 2 15 34 43 53 60
Indiana 2 25 32 38 54 65
Ohio 0 1 18 49 63 83
Illinois 0 0 0 3 3 6
Pennsylvania 0 0 0 0 0 4

Total 4 41 84 133 173 230
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LITERATURE REVIEW

The general life cycle of the cereal leaf beetle, Oulema
melanopus (Linnaeus), has been described to various extents by workers
in Russia (Megalov, 1925; and Vassiliev, 1913), Rumania (Manolache,
1932; and Knechtel and Manolache, 1936), Hungary (Kadocsa, 1916),
Italy (Venturi, 1942), France (Mesnil, 1931; Balachowsky and Mesnil,
1935), Sweden (Borg, 1959), Spain (Urquijo, 1940), Great Britain
(Hodson, 1929), and more recently in the United States (Guyer, 1962;
Castro, 1964; and Castro, et al., 1965). Some of the results of these
studies on the biology of the cereal leaf beetle are summarized in
Table 2. Other articles that have been published in the United States
and describe at least a part of the biology of the cereal leaf beetle
include Favinger (1962), Castro and Guyer (1963), Ruppel (1964),
Ruppel and Castro (1964), Shade and Wilson (1964), Wilson and Ruppel
(1964), Wilson and Shade (1964 a and b; 1966), Janes and Ruppel (1965),

Connin, et al. (1966a), and Connin, et al. (in press).

Overwintering

The available literature from Europe and the United States
notes that the cereal leaf beetle overwinters as an adult in forest
litters, grasses, tree bark, in any small crevice, or in a variety of
tight places that are protected from excessive heat and cold (Hodson,
1929; Balachowsky and Mesnil, 1935; Knechtel and Manolache, 1936, and

7
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9
Castro, et al., 1965). An overwintering experiment by Castro (1964)
shows that the lowest winter mortality was observed among experimental
adult beetles placed at ground level.

Laboratory studies indicated that the diapausing adults could
be held at 43° F. for a considerable period of time. The mortality of
the adults at 43° F. ranged from 1 to 5 percent after 70 days, 30 per-
cent after 90 days, 39 percent after 120 days, 50 percent after 160
days, and 65 percent at the end of 190 days. The beetle survived much
better when they were provided with water (Castro, et al., 1965).

Further laboratory studies by Castro (1964) showed that the dia-
pausing adults, after a 20-day holding period at 43° F., suffered
3 percent mortality after 10 days and from 9 to 10 percent mortality
after 25 days at 25° F. At 15° F., after 20 days of storage period at
43° F,, there was 17 percent mortality after 10 days, 32 percent after
15 days, and 100 percent mortality at the end of 20 days. At 0° F.,
there was 22 percent kill of the adults after 3 days, 91 percent after

7 days, and 100 percent mortality after 10 days at 0° F.

Spring Adults

The overwintering adults become active in April or May when the
mean daily temperature reaches 50° F. (Knechtel and Manolache, 1936).
In Michigan, the adults emerge from their hibernation sites during the
first warm days of late winter or early spring. The first active adults
were found as early as the 4th of March in 1964 by Mr. N. Remington of
the Michigan Department of Agriculture. The adults seem to be active

when temperature reaches 55° F. or more (Castro, et al., 1965).
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The flight of the adult beetles is said to occur freely at 620 F.
by Hodson (1929) or at 62.6° F. by Balachowsky (1963). The greatest
amount of flight was observed in the field in late April when tempera-
tures were 72° F, and up to 88° F. at the plant level (Castro, et al.,
1965).

Several workers have indicated that the cereal leaf beetle shows
marked preferences for host plants. Gallun and Ruppel (1963) found
more eggs on oats and barley than on wheat during their host resistance
studies near Galien, Michigan. Wilson and Shade (1964a) reported that
oats were preferred to barley or wheat for oviposition. Castro, et al.
(1965) mentioned that oats and barley were more severely damaged by
all stages of the beetle than were wheat and grasses. Most reports
from Europe state that succulent spring grains are more attractive to
the spring adults than winter crops.

The overwintered adults mate in 4 to 5 days and the first eggs
are laid about a week after the mating (Hodson, 1929; and Knechtel
and Manolache, 1936). The mating takes place without any special
courtship behavior and it may last for several hours. Multiple mating
seems to be the rule in this species (Castro, et al., 1965; and
Merino M., 1966). Merino M. (1966) also stated that definite homo-

sexual behavior exists in the males of this species.

Ovigosition

The eggs of the cereal leaf beetle are usually laid one or two
at a time on the upper surface of the leaves of host plants (Balachowsky
and Mesnil, 1935; and Castro, 1964). Castro (1964) reported that 98.5

percent of the eggs were found on the upper surface, 59.8 percent in
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the basal third region of the leaf, and 83.9 percent of the eggs
occurred either singly or in pairs. Castro, et al. (1965) noted that
the greater number of eggs were laid on plants 4 to 4-3/4 inches tall.

One female beetle in spring lays 1 to 3 eggs a day in England
(Hodson, 1929), an average of 3 eggs and up to 12 eggs per day in
Italy (Venturi, 1942), 5 to 6 eggs per day in Sweden (Borg, 1959), and
2 to 18 eggs per day in Rumania (Knechtel and Manolache, 1936). The
oviposition activity continues for 45 to 60 days and during this period
one female lays up to about 50 eggs in England (Hodson, 1929), 100 to
150 eggs in Italy (Venturi, 1942), 50 to 150 eggs in Rumania (Knechtel
and Manolache, 1936) and an average of 96 eggs in Michigan (unpublished
data by Dr. R. F. Ruppel of Michigan State University). In the
laboratory, however, the total egg production was estimated to be 150
to 400 eggs per female (Castro, et al., 1965). Hodson (1929) stated
that a single mating is sufficient for a female to lay fertilized eggs
for several weeks. The eggs are observed in the field from April to
as late as 19th of July in Europe. Some of the spring adults can sur-~
vive for two years and may deposit some eggs during the second season

(Megalov, 1927; and Hodson, 1929).

Egg
As Table 2 indicates, the incubation period for the egg ranges
from 7 to 15 days in the field. Knechtel and Manolache (1936) re-
ported that the threshold for development of the egg is 53.6° F. The
eggs would fully develop in 4 days at 86° F., 8 days at 69.8° F., and
23 days at 59° F. Castro (1964) stated that the eggs hatched in 4 to

7 days at 75° to 800 F., 13 to 21 days at 60° F., and there was no egg
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hatching at a constant 500 F. with 16 hours of light and 60 percent
relative humidity. Total egg hatching at 80+3° F. ranged from 62 to
over 80 percent.
In the field, the egg mortality was about 50 percent in winter
wheat and 10 percent in spring oats. The greater part of the egg
mortality was attributed to low temperatures but a considerable por-

tion of the kill was also due to a coccinellid predator, Coleomegilla

maculata lengi Timberlake (Castro, et al., 1965). The importance of

this lady beetle as a predator of the cereal leaf beetle eggs was also

mentioned by Yun (1964) and Yun and Ruppel (1964).

Larva

Young larvae upon eclosion start feeding on the upper surface of
the larvae, leaving the lower cuticle largely intact. It was estimated
in the laboratory that one larva consumed approximately 119.35 mg. of
leaf tissue to complete its development while an adult consumed 25.9 mg.
of leaf tissue per day and the total amount of 1,040 mg. during its
40-day active period (Castro, et al., 1965).

As in the egg, the larval development also starts at 53.6° F.

according to Knechtel and Manolache (1936).

PuEa

Threshold for the development of the pupa is given as 48.2° F.
by Knechtel and Manolache (1936). It takes from 12 to 15 days for a
pupa to complete its development at 80° F. and only 40 to 60 percent of
the larvae that entered the soil for pupation emerged as adults (Castro,
et al., 1965). Castro (1964) believes that the high pupal mortality

was largely due to an improper soil moisture content. The pupal
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mortality was even higher in the field. The newly emerged adults
accounted for only 10 to 30 percent of the larvae that were present in

the field (Castro, et al. 1965).

Summer Adult

Most workers in Europe and the United States seem to agree that
new adults emerge from the soil in early to mid-summer and feed on
young succulent grasses for about two weeks. During this period the
summer adults are extremely active and some of them were caught at
1,000 feet in airplane traps (Wilson and Ruppel, 1964). Wilson and
Ruppel (1964) and Shade and Wilson (1964) assumed that wind-borne dis-
persion could be of great significance in this species.

Mesnil (1931) stated that some new adults emerge in summer while
others stay in the soil until the following spring. Vassiliev (1913)
and Vereshtchagin (1914), on the other hand, reported that all of the
new adults stay within the pupal cases in the soil until the following
spring.

The total developmental periods from egg to adult are given as
39 to 42 days in Russia, 40 to 45 days in Rumania, 40 to 62 days in
Italy, and 43 to 50 days in Britain (Table 2).

Al though the males occasionally attempted to mate, no success-
ful mating of the summer adults was observed (Castro, et al., 1965).
Kumararaj (1964) and Hoopingarner, et al. (1965) reported that the
gonads of the female do not normally develop until they have been
sub jected to a low temperature for a certain period of time.

Most European literature indicates the presence of only one

generation per year in this species except Averin (1914) who claims
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the existence of the second generation in Russia. Hodson (1929) and
Borg (1959) also mentioned the possibility of the second generation in
Great Britain and Central Europe. A group of field-collected summer
adults produced a second generation in the laboratory (Castro, et al.,
1965) and oviposition by summer adults in field cages was noted in
Indiana by Wilson and Toba (1963). In Michigan, however, the cereal
leaf beetle seems to have a univoltine life cycle with an obligatory

diapause in adult stage under field conditions (Castro, et al., 1965).

Diagause

Extrinsic and intrinsic factors that affect the onset and dura-
tion of diapause are: 1) photoperiod, 2) temperature, 3) moisture,
4) diet, and 5) maternal physiology (Wigglesworth, 1953; Andrewartha
and Birch, 1954; Lees, 1955; de Wilde, 1962; and Harvey, 1962).

In the cereal leaf beetle, photoperiod studies in the laboratory
showed that some newly emerged adults mated and oviposited under a 16-
hour photoperiod in 15 days after their emergence from the soil.
Similarly treated adults, however, failed to reproduce under a 12-hour
light period. Exposure of immature stages to a 12-hour or 16-hour
photoperiod did not affect the reproductive behavior in the adult
stage. Diapausing beetles under a 12-hour light period started to lay
eggs when they were transferred to a l6-hour photoperiod. The cereal
leaf beetle seems to respond more readily to a long-day photoperiod of
16 hours than to a short-day 12-hour light period (Castro, 1964;
Castro, et al., 1965).

The adults of Colorado potato beetle, Leptinotarsa decemlineata,

80 1into diapause when they are exposed to a short photoperiod of 8 to



15
12 hours but they may be reactivated by a long photoperiod (de Wilde,
et al., 1959). In certain bivoltine races of Bombyx mori, nearly all
the females developed from eggs that had been exposed to a long photo-
period laid diapausing eggs; while the females developing from eggs
that were exposed to short days laid only non-diapause eggs (Kogure,
1933). 1In some cases diapause has been shown to be quite independent
from the photoperiod. Examples are the greenbottle fly, Lucilia

sericata, and vegetable weevil, Listroderes obliquus (Dickson, 1949).

Attempts to break diapause by subjecting the diapausing adults
to various cold temperatures for a short period of time failed to
yield satisfactory results. The diapausing adults were induced to
reproduce by subjecting them to 0° F., 15° F., 25° F., and 43° F. for
15 to 25 days but egg production was highly inconsistent. More con-
sistent egg production was obtained when the adult beetles were placed
in a lamp chimney cage without any hiding places. Castro (1964)
doubted the effectiveness of such short-period cold treatments in
breaking diapause. The diapause seemed to be completely broken in
the beetles that were subjected to 43° F. for at least 100 days (Castro,
et al., 1965).

In general, low temperatures favor the onset of diapause and
arrest of growth while high temperatures tend to avert diapause (Lees,
1955). 1In long-day insects, high temperatures are effective in re-
activating the diapausing insects (Way and Hopkins, 1950; and Beck and

Hanec, 1960). In the corn earworm, Heliothis zeae, diapause is induced

by low temperatures during larval stage (Ditman, et al., 1940).
One of the surest ways to bring the diapause-stage to an end

is to expose the diapausing insects to adequate low temperature. With
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many species, diapause-development proceeds most rapidly at some
temperature above 0° C. (Andrewartha and Birch, 1954).

The effect of moisture on diapause is apparently complicated.
Squire (1940) showed that diapause in the pink bollworm Platyedra
gossypiella is induced by lack of moisture in the food. Andrewartha
(1952), however, stated '"the evidence indicates that the absorption
of water during aestivation or hibernation is rarely if ever the
primary stimulus which initiates diapause-development'.

Both quantity and quality of food substances apparently in-
fluence the onset of diapause in some insects. Diapause in the corn-

stalk borer, Diatraea lineolata (Pyralidae) is sometimes induced by

starvation (Kevan, 1944). The larvae of Euproctis phaeorrhoea

(Lymantriidae) which normally go into diapause in the fall will com-
plete development without diapause if fed with tender apple foliage
(Grison, 1947).

The physiological constitution of the females of Bombyx mori
affect the diapause pattern of the following generation (Kogure, 1933).
The sensitive and responsive stage, therefore, may be far apart. 1In
addition to above mentioned factors, wounding or artificial shock
treatments such as electric shock, pricking with a needle, and dipping
in or exposure to certain chemicals are also proved to be effective
in reactivating some diapausing insects (Andrewartha and Birch, 1954).

Hibernation in univoltine species in a temperate climate is
usually preceded by a long period of aestivation. Actual diapause may
not necessarily be more intense than in multivoltine species which do
not aestivate. The longer dormant period in univoltine species may be

simply due to the fact that diapause-development does not take place
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during the hot summer months. The diapause-development is usually
completed most rapidly during the autumn and winter (Zolotarev, 1947).

Diapause in insects is more recently recognized as an endocrine
deficiency syndrome of the prothoracic glands (Williams, 1956) or of
the corpora allata (de Wilde and Boer, 1961). 1In adult insects it is
characterized by an inhibition in the maturation of eggs associated
with corpus allatum failure (de Wilde and Boer, 1961). More recently
Bowers and Blickenstaff (1966) reported that they found some inhibition
of corpus allatum development in diapausing alfalfa weevil. By applying
an active synthetic hormone exogenously, they were able to terminate
diapause in the weevil. Using the same methods, Connin, et al. (in

press) were also able to break diapause in the cereal leaf beetle.

Temperature-Development Relationship

Various mathematical formulae have been proposed and used by
biologists to describe the relationship between temperature and speed
of development in insects and other related animals. The relationship
has been reviewed to various extents by Crozier (1926), Shelford (1929),
Belehradek (1930), Uvarov (1931), Janisch (1932), Hoskins and Craig
(1935), Huffaker (1944), Davidson (1944), Fry (1947), Wigglesworth
(1953), Andrewartha and Birch (1954), and Messenger and Flitters
(1958).

Davidson (1942 and 1944) proposed the use of the logistic
equation to show the relationship between temperature and the time
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