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REACTION OF PHENOTYPES
OF TRIBOLIUM CASTANEUM (HERBST)
AND T. CONFUSUM (DUVAL) TO CHANGES IN THEIR DIET

ABSTRACT: Comparison was made of reac-
tions of two species: Tribolium castaneum (Herbst)
— strain cl and 7' confusum (Duval) — strain bI'V and
their two phenotypes characterised by different nu-
mber of instars during development (6- and 7-in-
star) in each species to two diets: wheat flour with
yeast (standard medium) and flour without yeast
(altered medium). Medium deprived of yeast did
not affect substantially survival of phenotypic gro-
ups of both species during embryonic and larval de-
velopment. Lack of yeast in the diet significantly
decreased fecundity (especially in 7. castaneum),
increased oxygen consumption mainly in larval sta-
ges, and increased body calorific value (stronger in
I confusum), decreased reproductive effort (stronger
in 7. castaneum). Lack of yeast in diet caused decre-
ase in energy expenditure for maturation in 7. confu-
sum (with much smaller effect in 7. castaneum).

There was no significant difference in reaction
to diet change in the two phenotypes within both
strains.
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1. INTRODUCTION

Insects with complex life cycles are a
good example for studies on developmental
strategies depending on their life strategies
which have specially evolved for growth and
increasing body size. According to some
authors developmental strategies are con-

nected with individuals’ decision when to
mature (Forrest 1987, Berrigan and Char-
nov 1994, Koztowski 1996). It 1s connected
with costs and benefits in terms of reproduc-
tive success.

In confined cultures of flour beetles, the
Tribolium populations are faced with a re-
stricted habitat which is simultaneously their
food supply. Even more drastic situations are
expected in laboratory cultures, where ten-
dency to diminish the living habitat i1s 1m-
posed by the experimenter. Under such
circumstances the selective value is shifted
from “being larger at maturation” to “mature
earlier before complete depletion of habitat”.
This would favour faster development rather
than larger individual body size and greater
fecundity. This results in differentiation of a
population by selecting for individuals which
develop faster in the expense of body size or
those whose weight augments. Combination
of these two tactics (larger size or earlier
maturation) should result in coexistence of
two phenotypes within confined populations.

The evolutionary advantage of internal
differentiations in populations can be testi-
fied by analysing the response of phenotypes
to changing environmental conditions.
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Bioenergetic and population investiga-
tions of Tribolium beetles (Prus 1976, Bi-
jok 1986, 1989a, Prus ef al. 1989, Prus
1993) as well as of other stored product in-
sects (Howe 1961) showed strong intra-
population diversity in respect to the
number of larval stages, developmental rate
and body weight. Two clearly distinct phe-
notypic groups (differing by number of lar-
val stages at the identical access to food and
at other environmental conditions) can be
distinguished within populations of 7ribo-
lium confusum (Duval) and 7. castaneum
(Herbst). According to our previous studies
(cited above), two groups of individuals
showed different models of development.
The 6-instar phenotype was characterised
by faster development, lower maximum
body weight, earlier achieved maturity, and
the higher both, the fecundity and repro-
ductive effort than the 7-1nstar one. Our hy-
pothesis is that faster developing 6-instar
individuals can act as “pioneers” prepared
for colonisation and fast occupation of new
habitat. Longer developing 7-instar group
of “dwellers” type survives better iIn
crowded habitats of deteriorated conditions
and then supports the survival of the popu-
lation. The existence of both groups iIn
population improves its plasticity and al-
lows to survive in more differentiated con-
ditions (Bijok 1996, Prus 1993, Prus
et al. 1989). Similar effect of rising genetic
heterogeneity on ability to colonise wide
variety of habitats was found by Berger-
son and Wool (1986) in T. castaneum.

There i1s an ample array of papers deal-
ing with diet of pest insects (Mansingh
1981). Loschiavo and White (1986) found
that wheat flour plus brewers’ yeast was sig-
nificantly superior for larval development of
T. confusum to flour commercially enriched
with B-group vitamins and pure wheat flour.
Baker’s yeast has been used for the first time
by Thomas Park in Tribolium cultures in or-
der to increase the B-group vitamins content
in the diet (Park 1934). In warehouses, a
normal habitat for 7ribolium beetles, devel-

opment of other fungi (especially in in-
creased humidity) gives similar effect as
adding yeast to the flour. Hence, 1t seemed
interesting to investigate the two phenotypic
groups reaction to the presence or absence of
yeast in the diet which has been sterylised
prior to experiments.

The aim of the paper 1s to find whether
differences in diet such as presence versus
lack of brewer’s yeast in wheat flour causes
changes in life parameters such as survival,
fecundity, metabolic rate and reproductive
effort in two species of Tribolium. Further
aim 1s to check how the response to the modi-
fication of food composition differs in the
two phenotypic groups coexisting in popula-
tions of each of the investigated strains. We
expected that the 6-instar “pioneers’ type”
groups would react stronger than the more re-
sistant 7-instar “dwellers’ type” group.

2. MATERIALS AND METHODS

One strain of each species (cl of 7. casta-
neum and bIV of T. confusum) was used 1n
this study. Both species originated from the
group of genetic strains selected by Park

et al. (1961), brought from the Chicago Uni-
versity and reared in Poland since early 60’s.

All experiments were carried out in stan-
dard condition of 29°C, 75% relative humid-
ity (r.h.), dark incubator. Standard culture
medium consisted of 95% of wheat flour and
5% of baker’s yeast (by weight). Another me-
dium, wheat flour without baker’s yeast, was
used as so-called altered medium (although
normal medium for the beetles 1n store-
houses). Prior to experiments the standard
and altered media were conditioned 1n an 1n-
cubator to obtain adequate temperature and
humidity.

The following parameters were meas-
ured: embryonic and larval survival, fecun-
dity, oxygen consumption rate, and energetic
value. On the basis of obtained values, the in-
dex of reproductive effort and index of ener-
getic cost of maturation have been calculated.
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2.1. SURVIVAL

A group of one hundred newly laid eggs
was placed into 50 mg of medium and incu-
bated in standard conditions (29° C, 75% r.h.).
Number of larvae hatched from eggs were
counted after 6 days of incubation and per-
centage embryonic survival was calculated.

The pupation time was ascertained by
observing a synchronised cultures of larvae

of the same age with simultaneous record of

reduction 1n numbers of pupae. Percentage
survival during the whole larval period and
during pupation process have been jointly
calculated. The experiment design was fol-

lowing: two species x two phenotypes x two
diets x 3 replications.

Student t-test was applied to test signifi-
cance of differences in survival of individuals
between species/groups/sex/type of medium.
Two-ways ANOVA analysis was performed
to check the effect of diet and phenotypes di-
versity upon survival.

2.2. FECUNDITY

Fecundity assays were performed ac-
cording to a standard method for Tribolium
developed by Park et al. (1961). The adults
were mated and kept in vials as single pairs in
8g of either standard or altered medium. The
experiment was run for 30 days. Egg counts
were made every 3 days. Eggs were separated
from medium using a fine mesh sieve. The
whole set of this experiment involved the fol-

lowing design: two species x two Instar X
groups two kinds of food x 10 replications.

Student t-test for paired samples was ap-
plied to assess significance of differences in
fecundity in subsequent days of oviposition
between species/groups/sex/medium types.
Three-ways ANOVA analysis was applied to
these data to test the effect of diet, phenotypic
group and females age.

2.3. OXYGEN CONSUMPTION RATE

The average oxygen consumption rate
was measured using the automatic Warburg

system for respirometric measurements
(Plishke and Buhr — Mess & Aautomatisie-
rungstechnik). The measurement was done
throughout the whole development of the in-
sects (from first larval stage to adult). Respi-
rometric measurement time was at least 5
hours. Newly hatched larvae (no more than
two hours old) were placed separately in the
respiration chambers, a single larva in each
chamber with 1 g of medium. Respiration as-
says were done starting from 4™ day of larval
life every second day, and since eclosion the
respiration measurements combined with re-
production assays followed in 3 day intervals.
After each measurement animals were sepa-
rated from medium by sifting the contents
through a fine mesh, weighed on a microbal-
ance with 1 pg accuracy, placed into a cham-
ber with a fresh portion of medium and left in
incubator until the next respirometric meas-
urement. Newly formed pupae were weighed
and their sex was determined by examining
size and shape of genital lobes (Sokoloff
1972). Newly eclosed adults were mated.
Each pair was kept together in a chamber to
let the individuals develop a full reproductive
activity. In order to distinguish between
males and females, the males were marked
with nitro-cellulose paint at their elytra just
after their eclosion. The male was separated
from the female and placed in its own cham-
ber only for the time of respiration measure-
ments. Eggs laid by a female were separated
from the medium using a fine mesh sieve and
the numbers were determined just after the
end of respiration measurement. After that
procedure males and females were placed
back together into their common chambers
and left over until the next measurement day.
The retrospective affiliation of individuals to
6- or 7-1nstar groups was done after pupation
graphically on the basis of time of appearance
of pupae and their weight (Bijok 1989b).
Two clearly separate groups appear when
plotting each individual on pupation time/pu-
pal weight scale (Fig. 1).

Student t-test for paired samples was ap-
plied to assess significance of differences in
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metabolism during the period of fast larval
growth between species/groups/sex/medium
type. Three-ways ANOV A analysis was per-
formed to check the effect of diet, phenotypes
diversity and larval age on respiration rate.

2.4. ENERGETIC VALUE

The pupae, after their sex being identi-
fied, were killed on the third day of the pupal
stage duration. This was meant to make the
material as comparable as possible since the
energetic value of pupae diminishes with
time due to respiration process. The adult fe-
males and males originating from synchro-
nised age cultures of the both species were
separated into two discerned ecotypes on the
basis of time of the appearance of pupae and
their weight (B1jok 1989b). After sex identi-
fication, males and females were placed into
separate vials with appropriate medium. To
the vial with males about 5% of females was
added, same was done for females. Such pro-
cedure did not affect substantially the ener-
getic value of analysed sex group, but it
allowed animals to develop their normal re-
productive activity. Animals were kept 1n vi-
als for ten days, then killed and dried at 60°C
to a constant weight.

The collected materials for adults and
pupae 1n discerned instar groups of both the
species were dried at a constant temperature
of 60° C. Then the samples were homoge-
nised in a mortar, formed into pellets and
combusted in the Phillipson microbomb calo-
rimeter (Phillipson 1964, Prus 1975). The
obtained results were expressed in joules per

distinguish between 6- and 7-instar
individuals in Tribolium acc. to method
described by Bijok (1989b)

mg dry weight and used to calculate the en-
ergy equivalent of individual’s body.

Student t-test was applied to asses sig-
nificance of differences in energetic equiva-
lent between species/phenotypes /sex/diet.

2.5. REPRODUCTIVE EFFORT

The index of reproductive effort was cal-
culated on the basis of fecundity and mature
female’s weight, energetic equivalents of
eggs and female’s body. It was expressed as
percentage ratio of energy allocated in daily
egg production to energy in the body of a fe-
male producing this aliquot of eggs.

2.6. COST OF MATURATION

Energetic cost of maturation was calcu-
lated on the basis of weight and energetic
equivalent of pupae and adults in both sexes
separately. It has been expressed as the per-
centage ratio of energy loss during eclosion
to the energy amount stored in pupae before
eclosion.

3. RESULTS
3.1. SURVIVAL

Survival at embryonic stage of both spe-
cies ranged between 53 and 65% (Fig 2). No
significant differences, neither between spe-
cies nor between phenotypic groups within
species, were observed. Lack of yeast in fe-
males’ diet caused rise in survival of eggs laid
by females of both species but not between
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Fig 2. Survival during embryonic and larval stages of
two Tribolium species and of their phenotypic groups
in standard medium - flour + 5% yeast and altered
medium - pure flour (mean values + S.D.)

phenotypes (Table 1). However, when t-test
was applied to these data significant effect
was proved of diet on embryonic survival
only in 7-instar phenotypes in both species.

During larval development the signifi-
cant effect of diet on survival was only ob-
served in 7. castaneum. No differences within

species were observed in larval survival under
the effect of different diet (Table 2).

Thus, these experiments proved that the
medium deprived yeast did not affect signifi-
cantly survival of phenotypic groups of both
species during embryonic and larval develop-
ment.

3.2. PECUNDITY

Under standard conditions of tempera-
ture, humidity and culture medium (wheat
flour and baker’s yeast) females of 7. casta-
neum were much more fecund (P < 0.001)
than that of 7. conmfusum (ca 20 and 12
eggs/24 h, respectively). The rate of oviposi-
tion 1n 7. castaneum showed a strong ten-
dency to decrease with female’s age from 20
to about 14 eggs/24h at the end of month’s
time (Fig. 3). Fecundity of 7. confusum fe-
males was less age-dependent and it re-
mained more stable for the first 25 days of
reproduction. Deteriorated nutritional quality
of the medium caused decrease of fecundity
in both species (Table 3). T. confusum reac-
tion to this factor was much weaker, so that
fecundity of this species in altered medium
exceeded that of T. castaneum (P < 0.01).
There were no substantial differences in the
oviposition rate between ecotypes within

Table 1. Results of the two-ways ANOV A analysis of diet and phenotypic group effect on embryonic survival

of two Tribolium species

Source D?ri;?;mc,f Mean square F statistics P-level

T. castaneum
diet 1 344.27 6.735 0.013
Shesotynic dibin l 0.2152 0.004 0.949
diet / phen. group interactions 1 13.77 0.269 0.606
deviations 40 51.11

T. confusum
diet | 723.83 4.728 0.035
Shanohrnic Sl 1 1.94 0.013 0.911
diet / phen. group interactions l 77.68 0.507 0.480
deviations 40 153.10
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Table 2. Results of the two-ways ANOVA analysis of diet and phenotypic group effect on larval survival of
two Tribolium species

Source Doy ok Mean square F statistics P-level
freedom
T. castaneum
diet 1 181.67 6.389 0.035
phenotypic group 1 0.13 0.005 0.948
diet / phen. group interactions l 51.09 1.797 0.217
deviations 8 28.44
T. confusum
diet 1 29.96 0.427 0.531
pheno[ypic group | 53.30 0.759 0.409
diet / phen. group interactions 1 20.45 0.291 0.604
deviations 8 70.22
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Fig 3. Changes in fecundity of newly eclosed females of two Tribolium species and of their phenotypic groups
in standard medium — flour + 5% yeast and altered medium — pure flour (mean values + S.D.)

each species. The only difference was that 6-
instar 7. castaneum reared in standard me-
dium attained maximum production of eggs
faster than the 7-instar group.

Three-ways ANOVA analysis showed
significant effect of medium and age on fe-
cundity in both species by decreasing it sub-
stantially.

3.3. OXYGEN CONSUMPTION RATE

Changes in oxygen consumption rate in
all investigated groups showed a character-
istic course for Tribolium beetles (Kle-
kowski et al. 1967, Bijok 1996), with two
peaks in larval development, a period of low
metabolism during the inactive (prepupal

and pupal) stages, followed by an augmented
level of respiration in adult insects (Fig. 4).
The two phenotypic groups present in the
populations showed a certain time shift be-
tween courses of their respiration curves that
manifested the difference in their rate of de-
velopment. Females’ metabolism was higher
than that of males because of intensive egg
production that began soon after maturation.

The difference in the medium quality
had an influence on insect metabolism (Ta-
ble 4). Oxygen consumption by larvae cul-
tured in food without yeast was much higher
than that in the food with yeast. The differ-
ences tested (t-test) for the period for larval

intensive growth were significant at P <
0.02; 0.05; 0.005 and 0.05 — for T. casta-
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Table 3. Results of the three-ways ANOVA analysis of diet phenotypic group and females age effect on
fecundity of two Tribolium species

Source Dtii;ijec?m()f Mean square F statistics P-level

I. castaneum
diet ] 7832.07 1147.100 < 0.00001
ohekomaks. Erin 1 0.31 0.045 0.832
females age 10 83.62 12.247 < 0.00001
diet / phen. group interactions ] 2.96 0.434 0.510
diet / females age interactions 10 31.47 4.610 < 0.00001
phen. group / fem. age interact. 10 3.68 0.539 0.862
all factors interactions 10 11.60 1.699 0.079
deviations 392 6.83

T. confusum
diet 1 251.91 55.206 < 0.00001
phenotypic group I 0.36 0.080 0.777
females age 10 27.64 6.066 < 0.00001
diet / phen. group interactions | 18.13 3.981 0.047
diet / females age interactions 10 5.04 1.105 0.357
phen. group / fem. age interact. 10 3.36 0.736 0.690
all factors interactions 10 1.60 0.352 0.966
deviations 396 4.56

| Tribolium castaneum | [ Tribolium confusum "

Oxygen consumption (mm® ind.” h'")

—— B-instar ------ male - - =-female

7-instar - = = male - - female

Fig 4. Changes in respiratory metabolism in the life cycle of two Tribolium species and of their phenotypic
groups in standard medium — flour + 5% yeast and altered medium — pure flour
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Table 4. Results of the three-ways ANOVA analysis of diet phenotypic group and age effect on oxygen

consumption rate in larvae of two Tribolium species

Source Deg. of freedom Mean square F statistics P-level
T. castaneum
diet 1 921.19 15.352 0.0002
pheno[ypic group 1 74.48 1.241] 0.267
age 9 570.93 9.515 < 0.00001
diet / phen. group interact. | 88.76 1.479 0.226
diet / age interactions 9 89.52 1.492 0.154
phen. group / age interact. 9 105.97 1.766 0.078
deviations 176 60.00
T. confusum
diet 1 5155.80 72.480 < 0.00001
pheno[ypic group 1 285.74 4.063 0.047
age 8 1451.46 20.404 < 0.00001
diet / phen. group interact. ] 2.65 0.037 0.847
phen. group / age interact. 8 86.74 1.219 0.291]
167 7113

deviations

neum 6- and 7-1nstar, and 7. confusum 6- and
7-instar ecotypes, respectively. In 7. con-
fusum, the maximum values reached 1n the
altered medium were 35-40 mm° O, ind. ' h l
and in the standard medium only 25-30 mm”
0, ind. ' h . The duration of low metabolic
rate in inactive stages was longer when kept
in the standard than in the altered media.

Difference in the medium caused also dis-
crepancy 1n respiration of adult beetles. Rate
of metabolism of ovipositing females in me-
dium deprived yeast was lower than in stan-
dard medium. At the same time, lack of yeast
in medium caused augmentation of males’
metabolism. Another effect of lack of yeast in
the diet that had been observed from metabolic
curves was diminishing of time span in larval
development between 6- and 7-ecotypes.

In general, oxygen consumption by fast
growing stages of 7. castaneum and T. con-
fusum in the medium void of yeast was much
higher than that in standard medium, con-
taining yeast. This held for both ecotypes.
Period of diminishing metabolism in 1nac-

tive stages (prepupa, pupa) was longer in the
standard than in the altered medium.

3.4. ENERGETIC EQUIVALENT

When comparing energetic equivalent
of 1mg dry weight of insects’ body reared in
standard medium (Table 5), it can be stated
that 7. castaneum showed higher values than
T. confusum. This difference in females was
significant at P < 0.05 (1n males at P < 0.08
only). 7. confusum showed within-species
diversity according to that value: 6-instar
ecotype individuals had their bodies more
calorific than respective individuals of the
7-instar ecotype. The difference of medium
composition seemed to have also an impor-
tant bearing on energy accumulation 1n the
body. Beetles reared in medium deprived
yeast had more calorific bodies than those
kept in standard medium. The difference
was stronger in 7. confusum; in 1. casta-
neum, the difference was significant only for
females.
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Table 5. Energetic equivalent (J mg™' dry wt) of adults of two Tribolium species and their
phenotypic groups reared in standard and altered medium (means + SD)

Sex Medium type

Tribolium castaneum

Tribolium confusum

6-1Instar 7-1nstar 6-1nstar 7-1nstar
Standard 26.9 26.7 26.8 25.2
Males +1.05 +1.13 +0.21 *E¥ +0.13
X 5K oK K
Altered 279 211 27.2 * 26.7
+1.2} +0.42 +0.33 +0.33
Standard 26.2 25.9 24.2 23.6
Females +0.84 +0.50 +0.96 +0.71
* %k * % % %%k
Altered 28.2 26.9 L * 26.6
+0.96 +0.59 +0.42 +0.21

Probability level for differences P < : * 0.05; ** 0.01; *** 0.001

The average energetic value of standard
medium: flour + yeast equalled 17.2 ] mg dry
wt ', altered medium: flour without yeast —
16.2 ] mg dry wt ' and eggs equalled 19.25

ngdrywt'.

3.5. REPRODUCTIVE EFFORT

Reproductive effort was expressed as
percentage ratio of energy allocated in daily
egg production to energy in the body of a fe-
male producing these eggs (Table 6).

These percentages in different ecotypes
and species of Tribolium ranged from over 20
to almost 40 in standard medium. In 7. casta-
neum, 1t was relatively higher than in 7. con-
Jfusum, and 1t was always higher in 6-instar
ecotypes than in 7-instar ones. Rearing the
beetles 1n altered medium caused a dramatic
drop (2-3 fold) in reproductive effort of 7.
castaneum. T. confusum, on the other hand,
showed much weaker reaction to the change

of diet. Only 6-instar ecotypes diminished
slightly its reproductive effort. The 7-instar
ecotype of 7. confusum showed even a small
rise of that ratio. Therefore, in the altered me-
dium the situation was reversed: the effort of

T. confusum was higher than that of 7. casta-
neum.

3.6. COST OF MATURATION

Energetic cost of maturation was ex-
pressed as the percentage ratio of energy loss
during eclosion to the energy amount stored
in pupa before eclosion (Table 7). T. con-
fusum expended larger part of stored energy
for maturation processes than did 7. casta-
neum. Within each species 7-instar ecotype
individuals expended more energy than 6-
instar ones. (The only exception were 7-instar
T’ confusum males reared in altered medium,
where this index seemed to be underesti-
mated).

Table 6. Reproductive effort* (% calculated on the basis of energetic equivalent) of females in two Tribolium
species and their phenotypic groups reared in standard and altered medium

Medium type Tribolium castaneum Tribolium confusum
O-1nstar 7-1nstar 6-1nstar 7-1nstar
Standard 39.3 26.9 28.6 21.6
Altered 12.3 12.8 26.2 24.6

*Reproductive effort (%) = energy in daily eggs production / energy in adult female x 100%
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Table 7. Cost of maturation* (% calculated on the basis of energetic equivalent) in two Tribolium species and
their phenotypic groups reared in standard and altered medium

Sex Medium type Tribolium castaneum Tribolium confusum
6-instar 7-instar 6-instar 7-instar

Males Standard 14.4 20.0 23.0 25.6

Females Standard 13.6 19.3 20.9 23.9

Altered 14.4 17.3 15.1 21.1

*Cost of maturation (%) = energy loss during eclosion / energy stored in pupal body x 100%

Energy expenditure for maturation of
males was in most cases higher than that of
females. In 7. confusum, the lack of yeast in
medium caused a drop 1n energy expenditure
for maturation. In 7. castaneum that effect
was less conspicuous.

4. DISCUSSION

When trying to compare our study with
four possible cases of norms for age and size
dependence described by Berrigan and
Charnov (1994) we had difficulty in classi-
fication of our results to any of the described
models. This difficulty stems from the fact
that constant, optimal temperature was used
in present (and earlier) experiments and that
flour beetles have typical growth curve for
holometabolic insects for which the individ-
ual growth ends with adulthood, with ap-
proximately constant weight maintained
thereafter. What 1s explicit from our studies
on Tribolium ecotypes reared at the same en-
vironmental and food conditions 1s that bee-
tles with longer developmental time achieved
higher weight at maturity. This differentiated
Tribolium populations 1into two phenotypes.
The cost of maturation of smaller-sized eco-
types 1s always lower than that of the larger-
sized ecotypes, both in the standard and al-
tered media.

Forrest (1987) reviewing research on
variability in number of moults and instars in
crickets stated that variation in number of

moults can be greater in natural than in labo-
ratory populations. In our studies done with
the holometabolic 1nsects reared in captivity
for several decades under steady laboratory
conditions of a constant temperature and hu-
midity this variation of number of instar was
as small as two possibilities (6- or 7-instars)
in each strain.

Diminishing rate of oviposition with fe-
males’ age (that was observed mainly in 7.
castaneum) 1s an example of a negative corre-
lation between early and late reproduction,
frequently observed in many species, e.g.

Drosophila melanogaster (Meigen) (Rose
and Charlesworth 1981).

There are a number of examples of the
diet effect on metabolic rate. In Pieris brassi-
cae L. (Lepidoptera) respiration diminishes
when food has a low protein content (Van
Loon 1988). In Tenebrio molitor L. (Coleop-
tera) respiration value drops as a response to
elevated content of glucosinolates in diet
(Pracros etal. 1992). In Gammarus pulex L.
a compensatory reduction in metabolism was
observed as a response to reduction of the
food quality (Graca ef al. 1993). In many
cases, decrease 1n metabolism 1s connected
with energy conservation when food 1s poor
or hard to obtain (Parry 1992). In case of
Tribolium laboratory cultures, even poorer
(altered) medium supplied enough energetic
compounds not to cause any drastic defi-
ciency in energy management by the species.
The observed change in metabolic rate 1s
rather caused by other characteristics of food.
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Karowe and Martin (1993) observed that
larval respiration rate of Manduca sexta
(Lepidoptera) was higher when food showed
stronger buffering capacity. Another cause of
elevated metabolic level can be necessity to
produce metabolic water by insects reared 1n
very dry media. That was observed by Jin-
dra and Sehnal (1990) for Galleria
melonella L. This phenomenon, however
very important for stored-product pests, 1s not
a cause of different metabolic patterns in our
standard and altered media due to similar hu-
midity in experimental cultures. However the
altered medium contains less B-group vita-
mins, nucleic acids and other compounds,
necessary for insect development. Therefore
Tribolium reared on this medium has to as-
similate more food in order to obtain suffi-
cient amount of nutrients, and this can induce
elevated level of metabolism.

Khattak efal. (1986) tested effect of ten
yeast concentrations in diet (0—-100%) and
found that 5% yeast addition was best for fe-
cundity and survival in 7. castaneum. The fe-
cundity obtained in our experiments in the
similar medium was much higher due to
higher temperature and humidity used in
present study.

As already mentioned, the changes in
diet of stored product insects lead to changes
in fecundity, for example in food deprived of
B-group vitamins in 7. confusum reproduc-
tion significantly decreases (Mansingh
1981). This can be used as “self-protection”
method against insect pests in certain types of
food products. Only by maintaining arid con-
ditions and low temperature in store houses
one can prevent development of fungi (rich in
B-vitamins) in grain products, diminishing
thus 1nfestation of these products (Prus
1998). Strong reaction in fecundity to growth

inhibitor added to flour was observed by
Prus (1996).

Stearns (1992) considered that the ra-
tios of reproductive products to the parent
body (in biomass or calories) are statistic
measures that did not represent the energy

that was being used for reproduction. Ac-
cording to Kozlowski1 (1992), who re-
viewed existing relevant models, the
differences in trophic conditions and mortal-
ity are the main sources of inter- and intraspe-
cific variation in size. In contrary to models
which are considered as powerful predictive
tools, the concepts of “reproductive effort” or
“cost of reproduction” have mainly descrip-
tive character — stated this author.

Nevertheless, these indices seem to be
very useful for comparison of resource allo-
cation patterns in species (or phenotypes).
Since under laboratory conditions 7ribolium
shows a continuous reproduction, the calcu-
lation of reproductive effort on daily basis
seams to be most adequate measure. In stored
product pests this measure can lead to practi-
cal conclusions.

5. CONCLUSIONS

The change of diet — lowering of its nu-
tritional value by depriving yeast — causes
drop in reproduction. That effect is stronger
in 7. castaneum — the species that is more ori-
ented to intensive reproduction (“r-strategist
in traditional sense, Pianka 1970).In T con-

fusum 1nitially lower reproduction appears to

be more stable and environmentally (food)
independent. Reproductive effort in this spe-
cies changed only in the 6-instar phenotypic
group (the pioneers’ type) while in 7-instar
one (dwellers’ type) this index remained un-
affected.

Other reaction to food deterioration is a
compensation rise in energy storage in the
body and rise in metabolic rate. This reaction
1s stronger in 7. confusum, the species that is

larger in size and more “survival oriented”
(Prus efal. 1995, Bijok 1996).

The deterioration of food diminishes the
difference in development rate between the
two phenotypic groups, especially in the
population of 7. castaneum.
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The difference in reaction of two pheno-
typic groups to the change of food quality can
indicate different strategies of these two
groups. It can have an adaptive importance
for the species, improving the plasticity of
populations. On the other hand, the lack of
difference in reaction to differing environ-
ment in such important parameters as fecun-
dity, metabolic rate and energy storage in
body can help to understand why the pheno-
types coexist in a population for long time
without giving the bias to any of them.

6. SUMMARY

The response of different phenotypes, identified
graphically (Fig.1), to altered diets were examined in
strains cl of 7. castaneum and b IV of T. confusum.
The difference in food consisted of presence of
brewer’s yeast in wheat flour (standard medium) and
lack of it (impoverished medium) and the traits exami-
ned were: embryonic and larval survival, fecundity,
oxygen consumption and energetic value of body.
The index of reproductive effort and of cost of matu-
ration were also evaluated.

The medium deprived yeast affected significant-
ly the embryonic survival in 7. castaneum and 7. con-
fusum (Table 1); larval survival was significantly
affected only in 7. castaneum. There was no phenoty-
pe effect on survival (Fig. 2, Table 2)

Fecundity, being higher in 7. castaneum than in
T. confusum, was significantly affected by both the
medium and age factors (Fig. 3, Table 3). There was
no significant effect of phenotype on fecundity in both
strains.

The change of diet influenced metabolic rate
(Table 4) causing compensatory rise of oxygen upta-
ke. The two phenotypic groups showed time shift be-
tween courses of their respiration curves which
manifested the difference in the rate of development
(Fig. 4). Beetles reared in medium deprived yeast had
more calorific body tissues than those kept in standard
medium, with stronger effect in 7" confusum than in T
castaneum, where it was significant only in females

(Table 5).

Reproductive effort was relatively higher in T.
castaneum than in 7. confusum and it was always hig-
her in 6-instra phenotypes than in 7-instar ones. Rea-
ring the beetles in the medium void of yeast caused
dramatic decrease (2-3-fold) in reproductive effort of
T. castaneum, but very little in 7. confusum (Table 6).

Cost of maturation in 7. confusum was higher
than in 7. castaneum. Within each strain, 7-instar phe-

notype used more energy for maturation than 6-instar
one (Table 7).

Some difference in reaction of two phenotypic
groups to the change of food quality can indicate dif-
ferent strategies of these two groups. It can have an
adaptive importance for the species, improving the
plasticity of populations. On the other hand, the lack
of difference in reaction to differing environment in
such important parameters as fecundity, metabolic
rate and energy storage in body can help to understand
why the phenotypes coexist in a population for long
time without giving the bias to any of them.

7. REFERENCES

Bergerson O., Wool D. 1986 — Genetic variation
and the ability to colonise new niches in the flour
beetle Tribolium castaneum(Herbst)(Coleoptera,
Tenebrionidae) — Heredity, 57: 403-406.

Berringan D., Charnov E. L. 1994 — Reaction
norms for age and size at maturity in response to
temperature: a puzzle for life historians — Oikos,
70: 474-478.

Bijok P. 1986 — On heterogeneity in bIV strain of 7.
confusum Duval — Ekol. pol. 34: 87-93.

Bijok P. 1989a — Energy budget of 7. confusum Du-
val in its developmental cycle — Ekol. pol. 37:
109-133.

Bijok P. 1989b — A set of methods for distinguishing
between “6- or 7-instar individuals™ in 7Tribolium
populations — Tribolium Inf. Bull., San Bernardi-
no, California, 29: 56-59.

Bijok P. 1996 — Cost of maintenance and production
in flour beetles 7. castaneum Hbst. and 7. confu-
sum Duval — intrapopulation diversity — Ekol. pol.
44: 3—18.

Forrest T. G. 1987 — Insect size tactics and develop-
mental strategies — Oecologia (Berl.) 73: 178-184.

Graca M. A. S, Maltby L., Calow P. 1993 — Impo-
rtance of fungi in the diet of Gammarus pulex and
Asellus aquaticus: 2 Effects on growth, reproduc-
tion and physiology — Oecologia (Berl.) 96:
304-309.

Howe R. W. 1961 — Developmental time and weight
in Tribolium castaneum — Tribolium Inf. Bull.,
San Bernardino, California, 4: 21-22.

Jindra M., Sehnal F. 1990 — Lingage between diet
humidity, metabolic water production and heat
dissipation in larvae of Galleria mellonella — In-
sect Biochem. 20: 389-395.

Karowe D. N., Martin M. M. 1993 — Determina-
tion of diet quality: The effect of diet pH, buffer
concentration and buffering capacity on growth
and food utilisation by larvae of Manduca sexta
(Lepidoptera: Sphingidae) — J. Insect Physiol. 39:
47-52.



Reaction of Tribolium phenotypes to diet changes 207

Khattak S. U. K., Shafiq M., Bhatti M. A. 1986 -
Influence of various yeast levels with wheat flour
on the reproductive potential, pupal recovery and
adult eclosion of Tribolium castaneum (Herbst)
(Coleoptera: Tenebrionidae) — Pakistan J. Zool.
18: 41-45.

Klekowski R. Z., Prus T., Zyromska-Rudzka H.
1967 — Elements of energy budget of Tribolium
castaneum (Hbst) in its developmental cycle. (In:
Secondary productivity of terrestrial ecosystems,
Ed. K. Petrusewicz) PWN, Warszawa—-Krakow, 2:
859-879.

Kozlowski J. 1992 — Optimal allocation of resources
to growth and reproduction: Implications for age
and size at maturity — Trends in Ecol. Evol. 6:
15-19.

Koztowski J. 1996 — Optimal initial size and adult
size of animals: Consequences for macroevolution
and community structure — Am. Nat. 147: 101-114.

Loschiavo S. R, White N. D. G. 1986 — Effects of
diet and population density on larval development
and pupal weight of Tribolium confusum — Can.
Entomol. 118: 733-734.

Mansingh A. 1981 — Nutritional control of proces-
sed food pests: Growth and survival of Tribolium
confusum Duval on nutritionally imbalanced pud-

ding diets — Insect Sci. Appl. 2: 259-262.
Park T. 1934 — Observations on the general biology

of the flour beetle Tribolium confusum — Q. Rev.
Biol. 9: 36-54

Park T., Mertz D. B., Petrusewicz K. 1961 - Ge-
netic strains of Tribolium: their primary characte-
ristics — Physiol. Zool. 34: 62-80.

Parry W. H. 1992 — A comparison of Aphidecta obli-
terata (L.) (Col., Coccinellidae) populations fee-
ding on Elatobium abietinum (Walker) and on
Adelges cooleyi (Gillette) — J. Appl. Entomol.
114: 280-288.

Phillipson J. 1964 — A miniature bomb calorimeter
for small biological samples — Oikos, 15:
130-139.

Pianka E. R. 1970 — On “r” and “K” selection — Am.
Nat. 104: 592-597.

Pracros P., Couranjon C.,, Morean R. 1992 — Ef-
fects on growth and respiration due to the inge-
stion of the rapeseed meal glucosinolates in young
larvae of Tenebrio molitor — Comp. Biochem.
Physiol., A. Comparative Physiology, 103:
391-395.

Prus M. 1996 — Intra- and interpopulation response
to tricalcium phosphate in Tribolium — Ekol. pol.
44: 19-29.

Prus M. 1998 — Response of stored product pests life
strategy to chemical treatment: Effect of trical-
cium phosphate on 7ribolium strains (7. castane-
um Herbst and 7. confusum Duval) — Pol. J. Ecol.
46: 13-22.

Prus M., Prus T., Bijok P. 1995 — Lipid content and
Energetic Equivalent as a measure of reproductive
effort in two species of Tribolium — Ekol. pol. 43:
217-225.

Prus T. 1975 — Measurement of calorific value
using Phillipson microbomb calorimeter. (In:
Methods for ecological bioenergetics, Eds W.
Grodzinski, R. Z. Klekowski, A. Duncan) — Bla-
ckwell Scientific Publications, Oxford, London,
Edinburgh and Melbourne, IBP Handbook 24:
149-160.

Prus T. 1976 — On heterogeneity in cl strain of 7ribo-
lium castaneum Hbst — Tribolium Inf. Bull., San
Bernardino, California, 19: 97-104.

Prus T. 1993 — Ecotypes in populations of genus 77i-
bolium — Mesogee, 53: 17-20.

Prus T., Bijok P., Prus M. 1989 — Autecological fe-
atures of strains: Tribolium castaneum Hbst cl and
I. confusum Duval bIV — Ekol. pol. 37: 97-107.

Rose M., Charlesworth B. 1981 — Genetic of life
history in Drosophila melanogaster. 1. Sib analy-
sis of adult females — Genetics, 97: 173-186.

Sokoloff A. 1972 — The biology of Tribolium with
special emphasis on genetic aspects. Vol I. Oxford
University Press, London. 300 pp.

Stearns S. C. 1992 — The evolution of life histories.
Oxford University Press, Oxford, New York, To-
kyo. 249 pp.

Van Loon J., J., A. 1988 — A flow through respiro-
meter for chewing insects. Entomol. Exp. Appl.
49: 265-276.

(Received after revising February 2000)



