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• HETEROLACCUS GRANDIS

O HETEROLACCUS HUNTERI

FIG. 1.—Known distribution of H. grandis and H. hun-
tcri in United States, Mexico, and Central America. Dis-
tribution in the United States and Guatemala of H.
huntcri is mostly after Burks (1954).

abundance found parasitizing the boll weevil suggests
that H. grandis is a significant parasite of the boll
weevil and a potential control. No other host is
known. In contrast, H. huntcri has been found para-
sitizing 16 other species of Curculionidae and 2 spe-
cies of Bruchidae.

H. grandis is a larger southern relative of / / .
huntcri that differs also in its larger red eyes and
tan femora. The range of these 2 species is now
known to overlap in Mexico and Guatemala (Fig. 1),
and the 2 species were found in the same collections in
Sonora and Veracruz, Mexico.
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The Life History and Feeding Habits of Opatroides punctulatus1 in
Tiberias, Israel2

TOHKO KAUFMANN

Institute of Arctic Biology, University of Alaska, College 99701

ABSTRACT

The eggs of the tenebrionid beetle Opatroides punctula-
tus Brulle are laid throughout the year in Tiberias. Lar-
vae develop in the soil, where they feed on roots, dead
arthropods, etc. Pupal cells are constructed a few to sev-
eral centimeters below the ground surface in compact soil.
Females mate and oviposit soon after emergence, and
adult longevity in both sexes is about 4 months. Five or
6 generations of O. punctulatus occur annually in Tiberias.

Results of differential feeding tests proved that O. punc-

tulatus larvae not only could subsist exclusively on meat
diet, but meat-fed larvae were larger, darker, heavier, and
developed faster with only small mortality compared with
larvae fed on a mixed diet of cereals and meat. Cereals
alone prolonged the larval period immensely and did not
permit development beyond the larval stages. Moreover,
cereal-fed larvae were small, pale, light in weight, and
suffered high mortality.

Israel embraces 3 zoogeographical regions, namely:
Mediterranian, Saharo-Sindian, and Irano-Turanian.
Tiberias lies in the Jordan Valley in the Saharo-
Sindian region. Winter is warm and mild, but sum-
mer is hot and dry, with irregular and reduced pre-
cipitation. Israel abounds in species of Tenebrionidae
because of her warm climate and arid regions. From
1952 to 1955, while a student, I worked on the biology
of 10 species of these beetles collected around Jeru-
salem, Tel-Aviv, Haifa, and Negev Desert. One of
the species studied was Opatroides punctulatus Brulle,
a small black beetle often found under stones in the
hills of Judaea. However, I studied this beetle only
from August to October in Jerusalem while I was a

1 Coleoptera: Tenebrionidae.
2 Accepted for publication May 6, 1968.

student. Until I revisited Israel in March 1960 for a
year, the complete life history of this species remained
unknown.

The house where I lived in Tiberias stood on a
hilltop in the Galilean Mountains and looked down on
the Lake of Galilee. At night, attracted by lights,
adults of O. punctulatus flew into the house. The
beetles were scattered all over the floor at first, but
by the next morning they were in the kitchen feeding
on old bread and cookies, as well as on meat and other
food. This insect was omnivorous like many other
tenebrionids I studied. The great majority of tene-
brionids has been thought to be primarily vegetable
feeders (Bodenheimer 1935). However, in my previ-
ous studies in Israel I had often witnessed the great
enthusiasm with which dead or dying insects such as
moths, dragonflies, grasshoppers, crickets, etc., were
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Table 1.—Monthly ambient temperatures (in °C) in
Tiberias during the 0. punctulatus experiments in the
laboratory.

Year and
month

Mar.
Apr.
May
June
July
Aug.
Sept.
Oct.
Nov.
Dec.

Jan.
Feb.

Min

18
19
21
24
28
27
24
20
18
16

16
17

Max

25
28
30
31
32
32
31
27
24
22

21
23

Mean

22.0
23.8
27.2
28.8
30.5
30.0
28.2
24.1
20.8
19.0

18.5
19.3

Seasonal
mean

24.3

29.4

20.3

consumed by both larvae and adults of many tene-
brionids including Blaps, Adcsmia, Tcntyria, Pimelia,
Pachyscclis, and Dcndarus. This observation made
me wonder if tenebrionid larvae could be reared ex-
clusively on a meat diet.

This paper presents the results of differential feed-
ing and its effect on the development of the larvae,
and data on the life history of O. punctulatus in
Tiberias, Israel.

METHODS

Imagines of O. punctulatus, collected under stones
during the day and in the house at night, were kept
in the laboratory at ambient temperatures in glass
jars (9 cm diam, 12 cm deep). The jars contained
several centimeters of soil to facilitate oviposition and
development of eggs, larvae, and pupae. The soil in
each jar was daily sprinkled with water to maintain
the minimum 10% soil moisture essential for develop-
ment of eggs and larvae. Table 1 shows the mean
monthly ambient temperatures during the rearing
experiments.

For differential feeding experiments, 60 larvae, 1
week old and of similar size, were selected in early
Oct. 1960 and divided into 3 equal groups. Group I
larvae were fed exclusively with meat including raw
or cooked beef, pork, chicken, and fish, as well as
dead or dying insects such as flies, moths, grass-
hoppers, beetles, and crickets. Larvae in Group II
were fed exclusively with cereal products consisting

of bread, oatmeal, and biscuits. Group I I I larvae
were fed both meat and the cereal products just men-
tioned. The experiment was terminated at the end
of Feb. 1961.

LIFE HISTORY

Eggs.—Eggs were laid singly or in groups of a
few to a dozen, a few centimeters below the surface
of the soil. They were cylindrical, semitransparent,
and about 1 mm long. They were found exclusively
on mud lumps if the soil was too loose. In Tiberias,
oviposition occurred throughout the year, and the
incubation period averaged 3.2, 6.0, and 10.0 days at
29, 24, and 20°C, respectively, if the soil humidity was
not less than 10% (Table 2) .

Larvae.—The newly eclosed larvae were 1.5-2.0
mm long. Negatively phototrophic, the larvae immedi-
ately tried to enter soil if they were exposed. In sum-
mer they were from 1 to 3 cm from the soil surface,
and in winter a few centimeters deeper. This vertical
movement of larvae took place also during the day
in fall; in early morning and at night when the atmos-
pheric temperature dropped to 18°C, the larvae moved
downward, and when it rose to 23°C, the reverse
movement followed. There were 6 larval stages.
Ecdysis occurred on or near the soil surface, where
newly molted larvae remained until their new cuticles
hardened. Exuviae were consequently left on or near
the ground surface. At least 10% soil humidity was
required for development. If humidity was less, lar-
vae wandered about aimlessly on the ground until they
perished. Water sprinkled on the soil usually helped
them enter the soil. Too moist (over 30%) or com-
pact soil was also unsuitable for larval development.

Larvae of O. punctulatus were omnivorous and fed
on animal matter such as living pupae or dead insects
including members of their own species, as well as on
vegetable matter such as roots, fruits, and cereal
grains. In captivity, raw or cooked beef, pork,
chicken, and fish attracted them greatly, and if given
a choice, larvae preferred meat to all other food.
However, they also fed on bread, sweet potatoes, and
carrots in which they bored tunnels and in which
they often remained for humidity and protection.
Some tenebrionid larvae such as those of Tcntyria,
Pachyscelis, and Pimelia feed mainly on humus-rich
soil (my unpublished data). However, this habit was
not observed in Opatroides. According to Wiggles-
worth (1953), the habit of feeding on exuviae, a com-
mon practice among many insects, helps maintain the

Table 2.—Developmental periods (in days) for O. punctulatus fed with meat and cereals at different seasons and
temperatures, and with 10% soil moisture.

Mean
temp.
(°C)»

29
24
20

Season

June-Sept.
Mar.-May
Oct.-Feb.

Incubation
period

3 (3-4)
6 (4-9)

10 (8-13)

Larval
period

27 (22-30)
49 (43-55)
68 (56-79)

Pupal
period

4 (3-5)
10 (6-13)
17 (13-21)

Egg to
adultb

34
64
95

« S»«e Tnlile 1.
b The 1st batch of eggs was produced about a week after emergence.
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Table 3.—Mortality, developmental periods, body
weights, lengths of body, and number of exuviae of 0.
punctulatus reared on different diets from October to
February at 20 (18-24) °C. (See text for diet provided
for each group.)

Group I Group II

Larval and pupal mortality
No. larvae at start 20 20
No. deaths :

Larvae 1 9
Pupae 3 a

No. adults reared 16 0
Developmental Periods (in days)

Larvae 51 131
(45-62) (120-150)

Pupae 17
(13-21)

Total 68
Body ivcight (in mg)b

Larvae (last instar) 19.1 8.0
17.1-21.4) (4.6-10.2)

Pupae 17.5
(14.0-21.3)

Adults $ 13.0
(9.0-17.0)

9 16.7
(13.8-20.5)

Length of body (in mm)
Larvae (last instar) 12 10

No. of exuviae0

41 9

Group III

20

5
7
8

66
(58-75)

23
(17-29)

89

11.4
(7.7-15.1)

15.0
(11.8-20.0)

11.6
(7.2-15.0)

14.3
(10.0-18.3)

11

26
R Did not develop beyond larvae.
b Measured within 24 hr after metamorphosis.
c Collected on soil simultaneously in the 3 groups.

increased bulk of the insect body after a molt. How-
ever, I discovered that the less animal food offered,
the more the larvae fed on their exuviae. In other
words, the old cuticle seemed to supplement meat to
some extent at least for those larvae deprived of
protein food. Thus, larvae with meatless diets fed
eagerly on their cast skin immediately after molting,
and an exuvium was often shared by 1 or more larvae
simultaneously. Those fed with meat, on the other
hand, were not enthusiastic about their exuviae, al-
though partial consumption of these occurred later.
The observation just mentioned may be substantiated
by comparing the number of exuviae left on the soil
by larvae in the 3 test groups (Table 3). At any
rate, this phenomenon suggests the. utilization of
exuviae as a protein food to some extent, although
chemically the old cuticle may contain mainly sclero-
tin and cuticulin. The larval period averaged 26.7,
48.6, and 68.0 days at 29, 24, and 20°C, respectively
(Table 2).

Prcpupac and Pupae.—Pupal cells, constructed 10-
50 mm below the soil surface, were oval, 7-10 mm
long, and 4-5 mm wide. Shortly before pupation pre-
pupae twisted their bodies violently for some time to
split the old cuticles, but once the thorax was exposed,
the process of pupation took but a few minutes. The
prepupal period was usually not longer than 24 hr in
summer.

Pupae normally lay horizontally on their backs, but

vertically standing pupae with heads up were not un-
common. The soil required a certain degree of com-
pactness so that pupal cells could be dug. However,
larvae of O. punctulatus showed a remarkable degree
of adaptability in unsuitable soil conditions. If the
soil was too loose but contained compact mud lumps,
these were utilized for pupal cell construction. Small
spaces within loose soil created by the presence of
pebbles or other such objects were used as readymade
cells by the larvae. In cases where the soil was com-
pletely unsuitable, pupation took place at the surface,
in which case, of course, the chances of survival were
very slim, since the naked pupae were exposed to
numerous enemies including larvae and adults of their
own species. However that may be, a similar adapta-
bility to unfavorable environmental situations has
never been observed in other tenebrionid larvae, in-
cluding species of Blaps (Kaufmann 1953), Adcsmia,
Tentyria, Pimclia, and Pachyscelis (my unpublished
data), which do not pupate when the required soil
conditions are not met with. The pupal period was
4, 9.5, and 16.7 days at 29, 24, and 20°C, respectively
(Table 2).

Adxdts.—Emergence of adults from the ground de-
pended greatly upon having the soil moistened, espe-
cially when the pupal cells were made in hard lumps
of soil. Because of the very reduced precipitation in
Tiberias, or generally in the Saharo-Sindian region
for that matter, pupal cells are situated close to the
soil surface so that they may be moistened by clew.
In the laboratory, in the absence of sufficient soil
moisture, many adult beetles were imprisoned in their
own pupal cells. Also, possibly because of inadequate
moisture, about 5% of the adults died within their
pupal cells after emergence, and death was correlated
with the malformation of their elytra which failed to
meet at the mid-dorsal line. Similar phenomena were
observed in a few species of Blaps.

In a hot, dry environment, survival of arthropods
depends much on conserving moisture and avoiding
desiccation. Opatroides has a flattened body with
short legs, and these characteristics enable the insect
to burrow swiftly into loose soil or under stones.
Thus, the beetle hides during the heat of the day and
becomes active only after dark when atmospheric
humidity is higher and temperature lower. Unlike
many other tenebrionids, in which wings are atro-
phied under tightly fused elytra, O. punctulatus has
well-developed wings and flies freely at night.

Newly emerged beetles began feeding immediately.
Their food was similar to that of larvae mentioned
earlier, but without doubt they can feed on a wider
variety of food because of their greater mobility.
Sexual maturity was attained at emergence, and
mating was observed from a few to 24 hr after emer-
gence. The 1st batch of eggs was laid about 1 week
after mating. A female might mate with several
different males during her lifetime, which averaged
4 months. In the laboratory, mating and oviposition
continued throughout the year and the same is pre-
sumably true in nature in Tiberias, since active adults
were obtained in December, January, and February.
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However, the period of peak adult activity seems to
he from June to October, judged by the fact that the
beetles fly into the house more frequently and in
larger numbers then than at other times of the year.
According to Bodenheimer (1935) the largest num-
bers of these beetles were observed from April to
June in Jericho, near Jerusalem.

The complete life cycle from e^ to e^ averaged
41 days from June to September, 102 days from
October to February, and 71 days from March to
May (Table 2). Therefore, there are 5 or 6 genera-
tions of 0. punctidatns a year in Tiberias. In contrast,
in Jerusalem, which belongs to the Mediterranean
region where winters are colder, eggs are laid from
May to October, but the rest of the year is spent by
the adults in semiquiescence under stones, bushes, or
in crevices in the ground. Consequently, the number of
generations in Jerusalem is limited to 3 or 4 annually.

DIFFERENTIAL FEEDING

Results of differential feeding proved beyond doubt
that the larvae of 0. ptuictidatus thrive on a wholly
meat diet. They were larger, heavier, and developed
faster with minimum mortality. Those fed on cereals
only remained small and light in weight, grew very
slowly with high mortality, and did not develop be-
yond the larval stage in almost 5 months from Oct.

to Feb. 1961, when the experiment had to be termi-
nated, as I left for West Africa. Of the 9 larvae still
alive in Group II (Table 3), 2 in particular looked
relatively healthy at the end of the experiment, and if
given time, 1 or both of them might have developed
into pupae, although development beyond that stage
was doubtful. However that may be, the main pur-
pose of this experiment was to see if the larvae could
develop normally on cereals alone, and the results
obtained were sufficient to prove they could not. As
would be expected, Group III larvae with mixed diet
were intermediate between the other 2 groups in size,
weight, growth rate, and mortality. However they
did develop into imagines as in Group I (Table 3).
Another point of interest is that meat-fed larvae were
much darker in body color than cereal-fed larvae;
those with mixed diet were again intermediate in this
respect.
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