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CHAPTER : 10

INTER-SPECIFIC REACTIONS BETWEEN LASIODERMA SERRICORNE (F,)
\ :

AND TRIBOLIUM CASTANEUM (HERBST) IN MIXED CULTURE

The red flour beetle, I;;Qg;;gm_ggggggégm (Hbst,)
is a serious peét of wide variety of stored food products,
The beetles thrive well in tropicai’to temperate climates
as well ‘as at high levels of‘humidity uptoJQQ%. Maximum
destructive activity is known to be'dispiayed by g.casfaneum,
as compared to other insect pests of stored products ‘
(Mallikarjuna et al. 1972). As early as in, 1926, Chapman
demonstrated,tha£ in the case of Tribolium spp. egg canni=-
balism is thé major factor that limits population growth;
and he had suggested that this pfbcess be tefmed as
"envi?onﬁental resisténce"o Sonleitner (1961) reported
that in T. castaneum, the egg-cannibalism is’a specific
behavioural trait and is not of an accidental nature, In
addition to this, Park et al. (1965) and Mertz (1969) have
also reported on the significant cénnibalistic tendeﬁcies
in T. castapeum as examplified by the adults eating eggs, ~
larvae and pupae, and the larvae eating eggs and pupae.
Further ii has been noted that, in particular, beetlés
between 45 and 135 éays of adult age, were véracicus‘egg
eaters as compared to other stages. According to th;m
this was an imporfant feature leading to mortality and

hence to a natural population regulatory mechanism.
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Rich (1956) showed conclusively that females are 19 times
more vofacious than the males. Polnik (1960) found that
the i. confusum exhibited cannibalism against eggs, larvae
and pupae of Latheticus oryzae, and finally eliminate the
latter. However, according to Kabir (1970) éhe presence

of réd flour beetle was not so detrimental to the develop-

mental stages of rice weevil,

Howe (1957) mentioned that L. serricorne appears
to be vulnerable to the predators and parasites that invade
ware*houées. Its only protection appears to be its ability
to penetrate deeper into stored commédities. Howe in this ‘
publication has stated- "The ;arvae and pupae are soft énd
fleshy and appear to possess no physiological protection:
the list of parasites and predatoré therefore, is long."
Jacob and Mohan (1973) observed predation of some stored
product pests by red flour beeth. They found that the
larvae as well as adults of 2: éastaneum wield suprimacy
éver other stored product insects, including L. serricorne

in their biotic environment, by predating on them.

During the course of L. serricorne culture

. developmenﬁ‘and population build up, a casual observation
was that accidental entry of T. castaneum ﬁo the

L. serricorne culture lead to the total destruction of g
the latter species, There is no specific report on how much
benefit can be derived by using T. castaneum against

—

/ , 1
L. serricorne. The current work was, therefore, undertaken

'
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to find out in detail, the inter-épeeific reactions between
these two pest sbecies of beetles with respect to different
developmental sfages as well as adults of both.

MATERIAL AND METHODS

Adults and larvae &fjboth L. serricorne and
T. caétaneum were from separate stock cultures reared on
Qheat flour. Rearing of L. serricerne was improved by adding
5% brewer's, yeast. The‘interactions betwgen the two species
were tested in different ways. The experiﬁental temperature
and humidity conditions in all the cases\we:e maintained' ‘
at 29 + 1° and 65 + 5% r.h. The males and females of both
‘the species were identified as described by Halstead (1963).
The larval instars of L. serricorne were identified as
described by Bhalodia (1974):and>those of T, castaneum by
£ollowing Park and Fregnl‘cl (1948‘), Park (1962), Zyromska-
Rudzka (1966) and Mondal (1984).

The experimental culture medium pqmprising~of 300 gm
of wheat £lour mixed with 15 gm of brewer's yeast powder
as distributed in 30 glass beakers (of 100 ml capacity):
each having 10 gme The glass beakers containing veast mixed
wheat flour were divided into 6 batcheé of five each. All
. the beaker of Batch Nos. 1 - 5 invariably contaihed 5 pairs
of 5 -~ 6 days o0l1d adult L. serricorne. Into'eich of the

beakers of Batch 1. twenty larvae (mixed instars) of red

/



flour beetle were introduced, Five pairs of‘adult red floﬁr
beetle (5 - 6 days old) were introduced in~évery beaker

of batch No.2. In batch No;3, 10 males (unmated) of red
flour beetle (SV- 6 days old) were added in each replicate.
In case of batch 4, in each of the beake;s 10 unmated, 5 to

6 days old female beetles of T, castaneum were introduced. -
Batch No,5 was maintained as control of cigarette beetles
~alone. Five pairs of red flour beetle of #he same age group
were taken in each beaker of batch No.,6 for control purpose.
In all the batches the adults or their larval stages were
introduced on the saﬁe date. The beakers were covered with‘
gauze and rubber band and kept in the incubator, After 35
Aays adult émergence of both the species in all the batches

were checked and recorded,

The experimental arrangements of different stages
of T. castaneum and L. serricorne for observing interspecific
competition between the various stages of the two species

were as indicated under "Experimental protocol',

Wheat flour mixed with 5%'brewer‘s veast pow&er

was filled in a total of 225 glass vials (7 X 2,5 cm), each
containing 4 gm of this culture medium, as shown in the
tabulated form in Experimental Protocol. The vials were
éovered'with gauze using rubber baqd and were incubated

at a tempergture and humidity as mentioned earlier.'Thé‘red
flour beétle larvae introduced in the concerned vials were

removed when they entered the pupal stage, so as not to-
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permit adults emeiging in those eiperimental vials where
the interspecific reactioss with larval stages only were
to be studied. The hatchability of L., gerricorne eggs was
determined by counting the number of hatched 1st instari}
larvae and then were returned into the respective vials
for‘further development and emergence of adults. The
| ﬁ;:::;“:jﬁmﬁemergence of adult cigarette beetles in all
the experiments was recorded and compared., The hatchability
and larvalrmortality.of-g. serricorne, when reared along~
with only eonspecific adults and different larval stages,
were also determined simultaneously, in order to have
base~line’ reference data. Statistical tests were carried
ocut using analysis of varience and Duncans Multiple Range
Test (Gomez and Gomez, 1987).

I

RESULTS AND DISCUSSION

The recorded values for emergehce of L. serricorne
after 35 days, when the insects were reared alone and in ‘ .
combination with different stages of Tribo am caégg;g;gwwwat/
are given in Table 1. It could be clearly secaﬁghat not a
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single L., serricorne was left in the culture when 5 pairs
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of T. castaneum were cohabiting, This may be due to the
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combined cannibalistic activmty of T. castaneum males,
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females and 1arvae with respect to the eggs and early larwval
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instars of L. serricorne. This agrees with the opinion of

Lo

Park et al, (1965), who have reviewed the cannibalistic
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behaviour of T, castaneum and showed that this insect

exhlblts cannibalistic tendency not only aqiigit its own

e .

eggs, larvae and pupae but also agalnst all the stages of
. Mgttt i T 2 b o e b e et n et S T A o B |

another related species viz. T. confusum. Jacob and Mohan
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(1973) also descrlbed that T. castaneum show predatory
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activity over larval stages of four other ‘insect species,

t//lncludlng L. serricorne. When they tested this behaviour,,
within 24 hours, when no other food was provided, almost
hundred percent removal of other larval species could be
seen excepting Oryzaephilus surieamensisfourther, the
same authors alse noted that, the L. serricorne lervae in
the age group of 0 - 15 days were foraéed upon by
T. castaneum even when food material was available, and’
that, the larvae were devoured in abundance only whenithey
became pupae, however, a few escaped predation by pupating
in cocoons made with food particles. During the course of
the rresent investigation, it was observed that none of
the L. serricorne larvae could develop through their full
life cycle. Obviously, predominantly the predation was
occurting at early stages and, hence, emergence of adult

was out of question.

Remarkable reduction in.the cigarette beetle

o .

populatlon occurred when reared w1th female individuals
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of red flour beetle. However, when reared with male
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Te castaneum individuals, no influence on L. serricorne
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populatlon could be observed (Table 1). This may be




ekplained in thé follbwing-manner H that, T. castaneum

females were more voracious feeders as far as the eggs and
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1arvae of L. serricorne are concerned. This result is in

agreement, to an extent, wzth the findings of Rich (1956),
who concluded that the females of red flour beetle eat

their own eggs at a rate about 19 times greater than the

¥ 1

malesw

AnotHer possible explanation for such a différential

influence of T. castaneum on the population density of
L. serricorne is based en\the habitsvof the two eexes of
former species., Naylor (1559) and Ghent (1966) have
‘demonstrated some interestieo\eex_differeéces in patterns
of distribution of Tribolium 5eetlee within a habitat:

" Females spend more time_in the flour and distribute them-

.

selves uniformly throughout the niche, whereas malesvwere‘
reported to restrict themselves more often to the surface
and tend to aggregate. This behavioural habit may explain
Jto'a certain extent the fact that female I. castaneumé:D
normally come across the larval étagee of L. serricorne,
as the latter usually go deéeper in the éedium. Hence,

female T. gastaneum can predate on L. serricorne larvae

more often than the male T. caStaneuﬁo

v

The presence of red £lour beetle 1arval instars
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R Wy,
(mixed) also produced signlflcant reductien (P <0.01) in
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the cigarette beetle population (Table 1). This may be
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- due to their predation on the developmental stages of

3
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. L. gerricorne. While reviewing. the literature on canni-

balistic habit of T. castaneum larvae, Park et al. (1965)

reported that they were predaceous over the eggs and
pupae of their own. The present result indicated that
the T. castaneum larvae could devour the L. serricorne
eggs and larvae and thus reduced the population of the
latter species, The present result is similar to ﬁhose
reported by Jacob and Mohan (1973), who also found that
the T. castaneum larvae were predaceous to the larvae of

L. serricorne.

In contrast, L. serricorne could not produce any
influence on thé population growth of T, castaneum
(Table 2). It could be added here that the flour beetle
probabiy has some special advantages over the cigarette
beetle 3 that, its longevity was more and could thrive
well in varied. ecological conditions, its larvae and
aduits were more vigorous and fastmoving-and that,
possibly the larval cuticle and egg shells of T.castaneum
are comparatively less vulnerable to attack by L.serricorne
stages, thus thé flour beetles dominated over the

{

L. serricorne.

The experiments designed to find out which of the
stages of T. castaneum were most destructive to which of
the stages of L. serricorne, led to the data serially

présented in Tables 5 to 8,
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'The'data presenfed in Table 3 alongwith Téble 4
are essentially the result of similar experimentai design,
nonetheless, they. depict two important\aspects viz,
hatchability and subsequent survival thrgugh\sﬁccessive
stages right up to the stage of adult emergence, Hence,

they need to be dealt with appropriately.

From the recordings of Table 3 it_can be seen that
when 20 éggs of L., serricorne were reared with larval séages
as well as adult male and female beetles, the 1st and 2nd
instar larvae of T, castaneum were more destructive to

tpe eggs of the former spécies tﬁan any of the other
stages. Another point worthy of note was concerning the
fifthnlarval instar, which was least éestructive in this
context, Further it was also seen that though the female
T, castaneum beetles were highly destructive (g.f.Table 1)
in an over all context, they were not so as far as the
eggs'of’g. serricorng'wefe concerned, This’might have been
S0, in.all'probabilityldue to the behavioural trait of khe
female T. castaneum prefering to remain.in%o'deeper strata
of the culture medium (or the storagezcbntainerS/under .
gbdown conditions); whereas the L. séfricofne eggs are

usually deposited in the su;faceglayerso

The values given in Table 3 essentially represent
the rate‘of hatchability under the conditions employed
here, The rate of hatchabiliéy apparently was falrly good

when reared alongwith the last three instars and the



adult beetles of both sexes of T, castaneumr Taking this
observation into censideration it was thought desirable
to follow up the developmental stages right upto adult
emergence subsequent to the hatching of eggs as under

Table 3, whlch is represented in Table 4. The values

recorded thereln speak of the rate of emergence which was

lowest with 1st and 2nd instar and the female T.castaneum

'

cohabitatioen, whereas it was significantly low with

respect to the 3rd instar, the 4th instar were compara-

‘tively less harmful, and the rate of emergence was fairly

satisfactory with respect to 5th.and 6th instars. From
this it could be surmized.that the very early larval.
stages and the female beetles were maximally voracious

to the eggs and the early larvae of L. serricorne.

It is clearly seen that significant (p <0,01)
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destruction occurred when the 1st instar larvae of
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L. serricorne were reared with almost any of the stages

e L e T L SO =T T Fmrews cmsmma

of the T. Qastaneum (Table 5). From the values presented

- ey T T

in Table 5, it can be concluded that maximum destruction

of the 1st instar larvae of L. serricorne occurred when

e i - SR
cultured alongwlth 3rd and 4th instar and that of female

beetles of TI. castaneum. The 2nd and 5th instar larvae'
of the latter were almost equally destructive but not

the same extent. Cohabitation of 1st instars of both the

species and with theﬁales of the latter was comparatively

less destructive. The chances of survival ané development

135
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were comparativély better when the 1lst instar of both the
species probably due to the fact that those of T.,castaneum
could not get sufficient edge over the other. In case of

T. castanéﬁm males, as was remarked earlier, their habit

of réméininé on sﬁrface layers of the éulture medium might
have led to comparatively better sur¥ival of the 1st instar
larvae of L. serricorne. One more fact was noticing related
to the 6th instar larvae of I. castaneum. Their cohabita=-
tion with 1st instar larvae of L. serricorne permitted
maximum surv;val oﬁ'tpe latter possibly because the former

wereAmore engaged in pupatibn rather than feeding activity.

Values obtalned for development and adult emergence
from 2nd 1nstar L. serrictigne are given in Table 6. It was
noted here that, im general, the 3rd, 4th, 5th and 6th
instar larvae and*females'of T. castaneum reduced the
population of the L. serricorne significantly. Among these

the 4th instar larvae exhibited maximum foraging activity.

From table 7 and 8 it can be seen that when 3rd
and 4th instar larvae of L. serricorne Qere reared along-
with T. castaneum stages, ho marked differences were found
bétween the treatments and their respective controls,
Jacoeb and Mohané(1973) reported that full grown L.serricorne
larvae.were not devoured by the T. castaneum and stated
that this might be due tp‘;hick growth of setae on the body
surface, Actually each instar larvae of cigérette beetle

are known to prepare cases before moulting and the cases

-
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prepared by}thé late instar larvae were probably afforded

better protection.

-

The results of the present experiment with’_J

L. serricorne eggs., 1st and 2nd 1nstars clearly shown
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that these early stages are the heavy sufferers of bre=
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datory act;vxty of T castaneum stages as compared to the

iZEZédsléges of L. serrlcorne. This can be explained on
Eﬁe:basie of the facts that the early instars are small,
less mobile, fleshy, and not so much sclerotized nor the
larval hair are not so thick and long., In addition, the
intersegmental membrane of larvae are relatively soft aﬁd
thus these instars were more vulnerable to attack by

T. castaneum adults as well as larvae. L. serricorne larvae
might also be vulnerable immediately after a molt. On the
other hand T, castaneum adults as well as larvae are

active feeders, fast movers and, therefore, efficient

cannibals,

It can be mentioned here that the only protection
possessed by the L. serricorne larvae is its ability to
penetrate and live deeper ieside the beans and stacks
(Howe, 1957). The T. castaneum larvae are also bottom
feeders and always settle at the bottom of the culture
jars and thus the L. serricorne larvae were subjected to
easy attack by the pfedator; With increase in age,

L. serricorne became less vulnerable to the T, castanecum

attacke. The predation also depends on the duration of the .



active stage of the predator species and for this reason

the 5th and 6th instér. due to shorter spans of the stadia;.

were less effective as compared to other instars.

The L, serricorhe adults as well as larvae had not
produced any 1nf1uence on either the hatchabillty or the
rate of mortality of conspecific eggs and larvae, the data
" on this aspects are omitted for the sake of reducing

avoidable details.

Apart from'furnishing information on the inter=-
specific competition between the two spécies considered
here; the present’observations raise a question as to the
possibility of employing T. castaneum £of biological con-
trol of L. serricorne gpeéiés."Though the idea is attrac-
‘tive, the T. casgaﬁeum itseif is known to be a se}ious
pest of stored commodities in‘its own right, Hence,
further ugderstanding of tﬁe whole situation only may
' show some way out. In this respect the present findings

do indicate certain possibilities in this directions. On

‘the basis of the findings reported here it would be

suggested that unmated females or sultably sterlllzed
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beetles of thls ﬁspec1es could profltably be employed to
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control L. serricorne lnfestation wmth no 90331b111ty
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of increase in the predator populatlon. The latter could
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then be easily managed. This suggestlon may £ind more

favour in controlllng E. serricorne in godowns where
AN ! )

tobacco or spices are stored since these items do not

_constitute normal food of T. castaneum.
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