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Temperature-dependent development and survival
of the lesser mealworm, Alphitobius diaperinus
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Abstract. Development, growth and survival of the lesser mealworm, Alphitobius
diaperinus (Panzer), were determined at six constant temperatures. No egg hatch or
larval development occurred at 17°e. At temperatures of 20, 25, 30, 35 and 38°C the
median development times (days), respectively,were for eggs (13.4, 6.0, 4.4, 2.6 and
2.6), larvae (133.0, 46.0, 26.2, 22.4 and 23.9), pupae (17.0, 8.0, 5.5, 4.0 and 4.1), and
from oviposition to adult emergence (164.4, 60.2, 37.9, 29.0 and 30.8). The Sharpe &
DeMichele (1977) model was used to describethe temperature-dependentdevelopment.
The mean egg survival (hatching) ranged from 61'7cto 86'7c,with lowest hatch at 20ce.
Survival of the larvae and pupae rangedfrom 32%to 73% and from 85% to 95%, respec-
tively, with lowest survival at 20°e. Pupae had significantlylower weights at 35°C and
adults at 38°C than at the other temperatures.Female pupae (20 mg) and female adults
(16 mg) were significantly heavier than male pupae (17 mg) and male adults (13 mg).
Adults (0.5-9 months old) laid 4-7 eggs per female per day at 25°e.

Key words. Alphitobius diaperinus, lesser mealworm, darkling beetle, temperature-
dependent development, poultry litter.

Introduction

The lesser meal worm, Alphitobills diaperinlls (Panzer)

(Coleoptera: Tenebrionidae), is a major pest in commercial poul-

try houses (Axtell & Arends, 1990). Beetles are commonly found
in the litter in turkey and broiler houses and in the accumulated
manure in caged-layer houses (pfeiffer & Axtell, 1980; Safrit &
Axtell, 1984). The beetles harbour and potentially spread a wide

variety of viral, bacterial and fungal pathogens of poultry and
serve as intermediate hosts of cestodes parasitizing poultry

(Calnek et al., 1991; Despins et aI., 1994; McAllister et al., 1994,

1995). Young birds feed readily on the beetle larvae and adults.
- As a result of this feeding, there may be adverse effects on the'

weight gains of the birds and enhanced pathogen transmission
(Despins & Axtell, 1994, 1995). The larvae often tunnel into
building insulation materials for pupation sites, and thus cause
structural damage and expensive repairs (Ichinose et aI., 1980;
Safrit & AXtell, 1984; Vaughan et al., 1984; Turner, 1986). In
some cases, especially when infested litter or manure is spread

. on fields, the beetles move to nearby houses and businesses
causing a serious nuisance.

Information on the effects of temperature on the rates of de-

velopment and survival of various insect stages are necessary in
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designing population and control strategy models. Data on the ef-

fects of temperature on the development of A.diaperinlls (Preiss
& Davidson, 1968:Wilson& Miner, 1969;Ichinose et al., 1980)
have been reported. but are fragmentary and not provided in suffi-
cient detail for the mathematical calculations required in modem

temperature-dependent development models (Wagner et al., 1984).
This study was conducted to determine the developmental rates,

growth and survi\'al of the immature stages of A.diaperinus un-
der several constant temperatures. Once the relationship between

temperature and immature development has been determined.
this information can be used to construct a simulation model to

predict the development of beetles under variable temperature
conditions. The temperature-dependent model of Sharpe &
DeMichele (1977) was used to describe developmental rates and

the distribution of development was described using the

approach of Stinner et al. (1975).

Materials and Methods

The eggs, larvae and pupae used in this study were FJ progeny of
adult beetles collected in a turkey house in Duplin County, North
Carolina, U.S.A.. and maintained in moist turkey starter feed.

Larval rearing medium consisted of wheat bran (125 g), turkey
starter feed (40 g). brewer's yeast (3.7 g) and water (75 m1). The
wheat bran and feed were autoclaved prior to use. Laboratory
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incubators with no light were used. Temperatures in the incuba-

tors were monitored continuously and the constant temperature
settings were maintained :to,5°C. Removal of the insects from

the incubators at \'arying intervals for examinations at room

temperature was necessary but the time was kept to a minimum
«10 min),

Egg development. The rates of development from egg deposi-
tion to hatch were determined using eggs deposited during a 4 h

period. The eggs were obtained by placing 100 beetles (I: I sex
ratio; sex determined according to Barke & Davis, 1967) into
100 g of turkey feed mixed with 50 ml water in a screen-topped,

I litre polyethylene container (12 cm diameter, 8.5 cm high). The
eggs were deposited on black construction paper in an assembly
consisting of ten pieces of paper (4 x 4 cm) held together at the

centre by a wire staple. Fifty eggs, still attached to the paper,
were placed in a polystyrene petri dish (6 cm diameter, 1.5 cm
deep) and five of these dishes were placed on top of a wire screen

in a 17 litre polyethylene tub (41 x 28 x IS cm) containing 2litres
of water. Relative humidity in each tub for each temperature was

measured using a hygrometer and ranged from 50% to 60%. A
tub was placed in each of the six incubators set at temperatures

of 17, 20, 25, 30, 35 and 38°(. At 12 h intervals, the eggs were
examined for hatching under a dissecting microscope, and
emerged larvae were counted and removed. In calculating egg

development rates it was assumed that all eggs were laid at the
mid-point of the 4 h adult oviposition interval and emerged at
the mid-point between the observations at 12 h intervals.

Larval and pupal de\'elopmelll. Large numbers of eggs were
held at 3°C and those larvae hatching during a 6 h period were

used to determine development times at the various tempera-
tures. Larval development was assumed to begin at the mid-point

of the 6 h interval. The newly-hatched larvae were placed in I
litre polyethylene containers (12 cm diameter, 8.5 cm high) con-
taining the rearing medium described above. Each container had
two 2,5 cm diameter holes covered with fine mesh in the side

and a cloth mesh top to allow air exchange. To prevent the me-
dium from drying. three rearing containers (one for each larval

density described below) were placed inside a 17 litre polyethyl-
ene tub (as described above) containing 2 litres of water.

The larvae were held at each of the six temperatures (17, 20,
25,30,35, 38°C) at larval densities of 1,3 and 6 larvae per gram

of medium representing uncrowded, moderately crowded',-and
crowded conditions, respectively. These densities were achieved

by placing 100 g, 33.3 g or 16.7 g of rearing medium in a rearing
unit and adding 100' newly hatched larvae. Rearing units were
measured at 24 h intervals to determine the stage of insect devel-

opment. As the larvae'progressed from early instar to late instar,
the examination interval was reduced to as little as 6 h at the

higher temperature.
When a larva reached the prepupal stage (quiescent, slightly

curved body, non-feeding), it was removed from the larval rear-

ing unit and placed in a well (7 ml) ofa covered 12-well tissue

culture plate (No. 25815; Corning Company, Corning, New York,
U.S.A.). The well contained 1.00 g, 0.33 g or 0.17 g of rearing

medium corresponding to the three density levels at which the

larva had developed to the prepupa stage. The prepupae in the
tissue culture plates were returned to their respective tempera-
tures and subsequently were examined at 12 h intervals fot the

presence of pupae and emergence of adult beetles.
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A sample of 50 pupae and 50 adults (25 males and 25 females

of each stage, $24 h old: sex determined according to Barke &
Davis, 1967) from each temperature and density combination
were weighed individually. Survival of larvae and pupae was
recorded.

Fecundity and longerity. The fecundity and longevity of adults
were determined at 25c(. 250 newly emerged adults (~24 h

old, I: I sex ratio) were placed into each of four 2 litre polyeth-
ylene containers with 200 g of rearing medium. When the beetles
were 2 weeks old, each container was initially examined to count
and remove dead adults. Thereafter, the medium was examined

monthly for 9 months and the dead adults counted and removed,
At the same time, the old medium was replaced with new me-
dium to remove any larvae and prevent the development of the

next generation of adult beetles. Errors in the numbers of dead
adults were probably small, even though it was possible that a
few dead adults were consumed by the live adults because no

partially eaten dead adults were found and no feeding on dead
beetles by live beetles was observed.

For fecundity measurements, adult beetles were transferred

from the containers to polystyrene petri dishes (5 females and 5
males per dish; five dishes per temperature). Each dish (6 em

diameter, 1.5 cm high) contained 2 g of moist turkey brooder
feed and a paper assembly (as described above) for egg disposi-
tion. The eggs laid during an 8-day period were collected when
female adults were 0.5, 3, 6 and 9 months old. Adults for each

respective age were picked at random from the original beetle

stock. The paper assembly and the turkey feed were replaced
with new ones every other day during the 8-day ovipositon
period. Eggs laid on both paper assembly and turkey feed

were counted; only about 2-3% of the eggs were in the feed.

Experimental design and Data analysis

A 3 x 5 factorial design (Sokal& Rohlf, 1981)was used for the
temperature-developmentexperiments;factors includedrearing
density at three levels and temperature at five levels (20. 25. 30.
35 and 38°C). There was no developmentat 17°(. Each beetle
rearing container was an experimental unit and each of the
fifteen combinations of temperature and larval density was
replicated four times. The differencesin developmentalrates of
larvae and pupae under various combinations of temperature
and density were tested using the general linear model (GLM)
procedure (SAS Institute, 1988). Means were separated
using Tukey's test (P =0.05).

The high temperature inhibition version of the Sharpe &
DeMichele (1977) developmentmodel was used to describe the
effect of constant temperature on median development rate (re-
ciprocal of median number of days to complete development).
This model with high temperature inhibition has the following
form (Equation I):

K
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where r(K ) is the median development rate (days-I) at

temperature K (OKelvin = °C+273). RH025, HA, TH and HH are

r(K) =
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parameters estimated by a method outlined by Wagner et af. (1984)

for use in the nonlinear regression (NUN) procedure (SAS
Institute, 1988). Median (fiftieth percentile) rates were used
rather than mean rates, because median rates are required in the

calculation of the developmental distribution using the approach
of Stinner et at. (1975) (see below). Once the parameters are

determined, the equation can be used to calculate development
rates at any temperature and used in a population simulation model
with variable temperature input. The biological significance

of these parameters is discussed by Schoolfield et al. (1981).
Model parameters were estimated for eggs, larvae, pupae, and

total development time (from egg hatch to adult emergence). In

each case the goodness of fit was determined by linear regres-
sion of the observed with the predicted values to calculate R' and

was tested for a slope of I and intercept of 0 using the linear
regression (REG) procedure (SAS Institute, 1988).

Because development rates of insects exposed to constant tem-
peratures vary among the individuals and cannot be assumed to

be normally distributed, the method of Stinner et af. (1975) was
used to construct a model for variation of total time from egg

hatch to emergence of adult beetles. The concepts of physiologi-
cal time and the distribution of development over a physiologi-
cal time scale is discussed in Wagner et at. (1984) and Wilhoit

et al. (1991). The data for the three larval densities were pooled
for each temperature. For each temperature, median physiologi-
cal ages at first and last emergence were calculated. These physi-

ological ages were averaged over all temperatures, resulting in a
median of 0.79 at first emergence and 1.26 at 100% emergence.
By definition. 5090 emergence occurs at a median physiological

age of 1.0. The cumulative proportion of the beetle population
completing development (y ) at median physiological age (p) is

described by the following (Equation 2):

y = II - :):,6350:' (2)

where;: = (1.26 - p )/(1.26 - 0.79). The parameter value (2.6350)

was estimated using the nonlinear regression (NUN) procedure
(SAS Instirute, 1988). The distribution of beetle development is
expressed. thus, as a function of the median development time.

The relationship of development to physiological age based on
this median time is constant regardless of temperature. The scale
of physiological age is arbitrarily set with 5090 of the insect popu-

'Iation emerging at a physiological age of 1.0. The median physi-

ological age at any time at each temperature was determined by

multiplying the estimated median rate of development at that
-temperature by the time for emergence (days). This wasplotted
against the cumulative proportion of individuals completing

development to the next life stage.

Results and Discussion

Egg, lan-al alld pupal development

The obsen'ed development times (mean and median) and the

predicted medians calculated from the Sharpe & DeMichele
(1977) model (Equation I and parameter estimates in Table 1)

for A.diaperillus are given in Table 2. Incubation times of the

Table 1. Estimated parameter values for the Sharpe & De~lichele model

(Equation I) for temperature-dependent median rate of de\'elopmem for

the eggs, larvae and pupae of Alphiroblls diaperilllls.

* Egg hatch to adult emergence.

, Oviposition to adult emergence.

Table 2. Mean. median and predicted (Equation I) median number of

days for development of AlphilObills diaperilllls from egg to adult emer-

gence at five constant temperatures (20-38'C).

Days to complete each life stage

Life stage*
Temp.
IT) II

Observed

mean (:tSEr

Observed Predicted

median median

Egg

Larva

Pupa

Immature

Total

* Immature means egg hatch to adult emergence and total means

oviposition to adult emergence.

.Total number completing each file stage (:\ote: There was no egg

hatch or larval development at 17°C). '

, Means followed by the same letter within each life stage category

are not significantly different (P =0.05, Tukey's test: SAS Institute,
1988).
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Life stage RH025 HA TH HH

Eggs 0.150 17056.3 311.7 275U
Larvae 0.02833 41307.8 302.0 50930.5

Pupae 0.12078 20787.5 310.3 47111.4
Immature* 0.02180 35556.8 303.6 8019.3

Tatar 0.01778 30522.8 305.5 5727.3

20 30 13.59 :t O.02a lJAO 11.43
25 360 6.07 :t 0.02b 5.99 6.88
30 31 .38:t O.Olc .41 .21
35 O 2.62 :t 0.0 Id 2.56 2.61
38 393 2.70:t O.Ole 2.56 2.56

20 358 13.55 :t 0.29a 133.00 126.89
25 693 45.77:t 12b 5.99 6.93
30 859 26.17 :t 0.07c 26.21 25.95
35 815 21.88 :t 0.09d 22.42 22.62
38 795 23.76:t O.JOe 23.92 23.80

20 29 16.81:to.l7a 17.02 15.49
25 65 7.96 :t 0.06b 8.02 8.M
30 779 5.49 :t 0.3c 5.48 5.31
35 755 4.03 :t 0.03d 4.01 .05
38 706 4.12 :t 0.03d 4.08 4.06

20 294 150.62 :t 0.32a 150.96 137.44
25 5 53.78 :t 0.13b 54.00 56.56
30 779 31.66 :t 0.07c 32.3 31.65
35 755 25.94:t O.IOd 26.41 26.82
38 706 27 .8 :t 0.1 Oe 28.54 28.27

20 294 164.24:t 0.16a 1.36 1 3.43
25 M5 59.9:t 0.07b 60.17 64.91
30 779 36.08 :t 0.04c 37.88 36.65
35 755 28.74 :t O.Od 28.96 29.49
38 706 30.65 :t 0.05e 30.76 30.50



beetle eggs were influenced by temperature (F =70083; df =4.
1891; P =0.000 I). There was a significant decrease in the number
of days required for egg development from 200e to 35cC, and a
significant increase at 38°e (P = 0.05; Tukey's test),

Larval development times were influenced by temperature

(F =9999; df =4, 3519; P =0.0001). These development times

were significantly greatest at 200e and lowest at 3SCC.Pupal de-

velopment times also were influenced by temperature (F =5986;
df = 4, 3178; P = 0,0001). These development times significantly

decreased from 20ce to 35°e, but there was no further significant
decrease at 38°C. There was a significant decrease in the number

of days required for immature development (egg hatch to adult

emergence) and total development (oviposition to adult emergence)
from 200e to 35°e, and a significant increase at 38ce (P = 0.05;

Tukey's test). Therefore there was ample evidence of high
temperature inhibition of development.

Density effect on development

Larval development times were significantly lower at density
of I larva per gram than at densities of 3 or 6 larvae per gram
at 30°C to 38°e, but not at 200e and 25°e when analysed
separately qy temperature. No significant differences in larval
development occurred between 3 and 6 larvae per gram at any
of the temperature (P =0.05; Tukey's test) (Fig. I) Pupal
development times were not influenced by the density levels of

larvae preceding pupation,

14D II 1 u.RVA PERG
~ 3 u.RVAEPERG
a 6 u.RVAEPERG

~ 80

~
~ 60

~
c.. 4D
:3
~
gs 20

20 3825 30 35

TEMPERATURE C

Fig. 1~ Mean number of days for larval development of Alphitobills

diaperillus reared at three densities (I, 3 and 6 larvae per gram of

medium) at each of five constant temperatures (DC).

Developmelltal flillctiolls

The temperature-dependent median development rates of
A.diaperilllls were well described by the Sharpe & DeMichele
model (Equation I) incorporating high temperature inhibition
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Fig. 2. Cumulative proportion of Alphitobills diaperilllls population

completing development from egg hatch to adult emergence as a

function of median physiological age (see text). The line represents

predicted distribution, calculated by the method of Stinner et al.

(1975). The points represent observed data at five temperatures (cC).

(estimated parameters in Table I). Development rates estimated

by the model correlated well with the observed rates for the eggs.
larvae, pupae, and total immature development (from egg hatch
to adult emergence). In all cases, linear regression of predicted

versus observed development rates gave an R 2 greater than 0.98
and a slope and intercept not significantly different from I and
0, respectively.This indicated that the models fit the data well.
AlphitobillSdiaperinlls larvae,pupaeand totalimmaturesreached
maximum observed and predicted median development rates at
35°e and at 38°e for the egg stage.

The predicted (accordingto the method by Stinner et al., 1975)
and observed cumulative proportion of individuals completing
development (from egg hatch to adult emergence) as a function
of estimated physiological age is described by a single equation
(Equation 2) and shown in Fig. 2. The predicted total develop-
ment median rates were low at 200e and slightly high at 35°C.

Survival of eggs, larme alld pupae

The highest proportion of eggs hatched at 300e (86%) and
lowest hatch'was at 200e (61%) (P = 0.05; Tukey's test) (Table
3). No egg hatch and larval development occurred at 17°C.Lar-
val survival was lowest overall at 200e (32%). The survivalrates
of total immatures (egg hatch to adult emergence) were similar
to those of the larvae. Pupal survival rates were significantly
higher at 25 and 35°e than at 20,30 and 38°C. The proportions
of total mortality,averagedover all temperatures, whichoccurred
during each life stage were about 40%, 39% and 8% for eggs,
larvae and pupae, respectively.

Density effects 011slln'iml

Differences in survival of the larvae held at three densities at

the various temperatures were mostly small and not significant

+ 20C
. 25C
0 :;:JC
X SSC
... 38C

I
1.2 1.3
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Table 3. Mean (:tSE) proportion survival of eggs. larvae. pupae and

total immatures of Alphitobills diaperilllls at five constant temperatUres.

Life stage

Eoo0'"

Larva

Pupa

Immature*

* Egg hatch to adult emergence.

t Means followed by the same letter within each life stage category
are not significantly different (P = 0.05, Tukey's test; SAS Institute. 1988).

(Fig. 3). Overall, uncrowded larvae had significantly higher
rates of survival compared with crowded larvae but not with
moderately crowded larvae. There were no significant survival
differences between moderately crowded and crowded larvae
(P = 0.05;Tukey'stest).Whendensity-survivaldatawereana-
lysed foreach temperature, there were nosignificantdifferences
in larval survival among the three densities at 20, 25, 30 and
38°C. At 35°C, survival of the larvae was significantly greater
at the uncrowded than at the other densities but there was no

significant difference between the two highest densities
(P = 0.05,Tukey's test).

II 1 LARVA PERG
ra 3 LARVAE PERG

CI 6 LARVAEPERG

25 30 35

TEMPERA lURE C

38

Fig.3, \Iean proportion survival of Alphitobills diaperinlls Iaf\ae reared

at three densities (1, 3 and 6 larvae per gram oi medium) at each oi iiw

constant temperatures (OC).

Temperalllre effects on pupal and adult mass

Pupal weight was significantly affected by the temperature at
which the larvae were reared (F =9.86, df =4, 1319; P =0.000 I)

(Table 4). Pupae produced from larvae reared at 35"C had the
lowest weights. Perhaps the smaller pupae reflected a reduced

number of larval instars and the adults produced from those pu-
pae would have reduced fecundity but these possibililies were

not investigated.
Adult weight also was influenced by the temperature at which

the larvae were reared (F = 280.83; df =4, 1319; P = 0.000 I).

Adults from larvae reared at 38°C had the lowest weight. When

separately analysed according to sex, female adults (16.2 mg)
were significantly heavier than male adults (13.2 mg). Similarly,

female pupae (20.3 mg) weighed significantly more than male
pupae (16.8 mg).

Table 4. Mean (:is E) weights (mg) of pupae and adults of Alphirobills diaperinus reared as larvae at five constant temperatUres.

* Means followed by the same letter within a row are not significantly different (P = 0.05, Tukey's test; SAS Institute, 1988).
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Temp. Mean (:tSE)

("C) survival'

20 0.61 :t 0.03a

25 0.72:t 0.05ab

30 0.86 :t 0.02c

35 0.81 :t 0.02bc

38 0.79 :t O.04bc

20 0.32 :t 0.03a
25 0.60 :t 0.03b

30 0.73 :t 0.03b

35 0.70 :t 0.03b

38 0.68 :t O.04b

20 0.85 :t O.04a

25 0.94 :t 0.0 I b

30 0.93:t O.Ola

35 0.95:t O.Olb

38 0.91 :to.Ola

20 0.28 :t O.03a

25 0.56 :t 0.03b

30 0.68:t 0.03b

35 0.66 :t 0.03b
38 0.62 :t O.04b

1.0

0.9

0.8.

!5 0.7
(I)

Z 0.6
0

g 0.5

0 0.4
8:

Z 0.3
<

0.2

0.1

0.0
20

Temperature (OC)*

Life stage 20 25 30 35 38

Pupae
Female 20.63 :t 0.39a 20.39 :t 0.21 a 21.08 :t 0.22a 19.07 :t 0.24b 20.45 :t 0.1 8a

Male 16.16 :t 0.30a 16.57 :t 0.20a 17.48:t O.l6b 16.41 :t 0.20a 17.01 :t 0.21ab
Both sexes 18.39 :t 0.32ab 18.48:t 0.18a 19.28:t 0.17b 17.74:t 0.18c 18.73 :t 0.17ab

Adults

Female 16.77 :t 0.27a 16.49:t 0.25a 19.81 :to.2Ib 16.76:t 0.25ac 11.56:t 0.14d

Male 14.08:t 0.21ab 13.11 :t 0.23a 16.05:t O.I.k 14.58 :t 0.25b 8.84 :t 0.1 5d

Both sexes 15.43 :t 0.21ab 14.80 :t 0.20a 17.93 :to.17c 15.67 :t O.l9b 10.20 :t 0.13d



Density effects on pupal and adult //lass

The weights of the pupae (F =91; df =2, 1319; P =0.000 I)
and adults (F= 13; df=2, 1319; P=O.OOOI)were influenced
by larval density. Pupae and adults were significantly heavier
when reared from uncrowded larvae than those from crowded

or moderately crowded larvae. There were no significant pupal
or adult weight differences between those reared from
crowded and moderately crowded larvae (P =0.05. Tukey's test).

Fecundity and longel'ity

The fecundity (total number of eggs laid per living female)
and longevity of A.diaperinus adults at 25°C varied during the
9-month period of observations. The mean (:tSE~1)numbers of
eggs per day laid by a female adult beetle were 3.57 :!:0.09,
4.76 :!:0.28. 7.33 :!:0.15 and 5.48 :!:0.23 when thebeetlewas0.5.
3. 6 and 9 months old. respectively. The mean proportion sur-
vival of the femaleand male adults at 0.5 month of age was 0.99;
at 9 months it was0.73 and 0.77, respectively.Preiss & Davidson
(1971) reported that the mean life-span of A.diaperinus is greater
than 400 days. They observed a female beetle deposit 2684 eggs
in 703 days (3.81eggs/female/day) at room temperature.Wilson
& Miner (1969)reported the effectof temperature on the fecun-
dity ofA.diaperinus duringa 25-dayovipositionperiod.Although
the age of the adult females used in their study was unknown.
they reported the mean numbers of eggs laid per female per
day were 2.0. 2.7. 5.5 and 3.7 at 21.1, 26.7, 32.2 and 37.8cC,
respecti\'ely. In our study at 25°C, each female adult laid from
3.6 to 7.3 eggs per day. Dass et al. (1984) reported that the mean
fecundity per female at nec was 4.6 eggs per day throughout
the oviposition period that averaged 324 days. Barke & Davis
(1969) noted that each female laid 7-8 eggs per day at 21°C.

Data from the literatureon development times forA.diaperinus
are often not detailed. based on very limited numbers of speci-
mens, and difficult to use for comparisons. In our study, mean
total development times for the various life stages were shorter
than those reported by Ichinose et al. (1980). For example, the
mean days for development from egg to adult emergence at 20,
25.30 and 35C in our study were 164,60,36 and 29, r<;.spec-
tively, whereas Ichinose et al. (1980) reported 238, 76, 49 and
38, respestively. ~lost of the differences were in the develop-
ment times of the lm'ae. The mean for development of the lar-
vae at 20. 25. 30 and 35°C in our study were 13-1-.46,26and 22,
respectively. whereas Ichinose et al. (1980) reported 212, 63, 40
and 31, respectively.Data on much fewer larvae (40-92 per tem-
perature) ~\'ereobtained by Ichinose et al. (1980) than in our
study (358-8 IS per temperature). Swatonek (1970) reported de-
velopment times at 25°C for only 15 specimens and the days
from egg to adult emergence was 48 compared to 60 in our study.
At 38°C, our data on total development times from egg hatch to
adult emergence and egg incubation times were 14.5 and 0.5
days shorter. respectively,when compared with those of Wilson
& Miner (1969). Ichinose et al. (1980) reported no dev~lopment
for eggs. laryae and pupae of A.diaperilllts at I5.7°e, I7.9°e
and 14.7°C. respectiyely.Wilson & Miner (1969), however, ob-
served egg andlarval development at 15.6°C,whereas Swatonek
(1970)notedegg.lm'al andpupaldevelopmentat 15°C.These
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differences could be attributed to different strains used in the

studies as well as differences in handling procedures and
temperature control.

Temperature is the major influence on the development of

immature A.diaperinus, as indicated in our study and other pre-
vious reports. Although there were density effects on larval de-

yelopment rates that were statistically significant, the differences
were relatively small. It is reasonable to expect that under severe

conditions (e.g. high temperature, overcrowding, low food sup-
ply, poor food quality), some individual beetles may exhibit

different developmental times compared to individuals at opti-
mum habitat conditions. For example, Wilson & Miner (1969)
observed that lm'ae had a yariable number of instars depending

upon temperatures; at high temperatures (32-38°C), there were
eight larval ins tars whereas there were eleven ins tars at
l5.6°C.

Our data on A.diaperinus development as influenced by

temperature and the estimates of the parameters for the Sharpe &
DeMichele model, can be used in the construction of computer

simulation models to predict development and population
dynamics of this species under variable temperature conditions.
Although temperature is the major factor affecting the rates of
development and suryival, the effects of additional factors (e.g.

food quality and availability, moisture. adult longevity and
fecundity, and effects of microorganisms in the poultry litter)
must be included in those simulation models.
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