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ABSTRACT Reproduction of the red flour beetle, Tribolium castaneum (Herbst), was lower
on whole grain than has been reported on milled grain in earlier studies. Generally, fecundity
increased with increasing temperature (20~32°C) and moisture (10-16%). However, inter-
action of adult survival and fecundity caused net reproduction to peak at 27°C and 16%
moisture. This resulted from greater adult survival with increasing moisture, but decreasing

survival with increasing temperature.

KEY WORDS

Insecta, stored grain, Tribolium castaneum, reproduction

RED FLOUR BEETLE (RFB), Tribolium castaneum
(Herbst), is most often recognized as a pest of milled
grain, but it also occurs in on-farm grain-storage
situations. Birch (1947) and Daniels (1956) dem-
onstrated that RFB reproduces on whole grain
wheat. Temperature and humidity are key factors
in determining the level of RFB reproduction
(Howe 1962). However, data on the effects of these
variables on reproduction and survival when RFB
is reared on whole grain are limited to those re-
ported by Daniels (1956) for three humidities at
one temperature (26.7°C). This study reports the
effects of combinations of grain moisture contents
and temperature on reproduction and survival of
adult RFB on whole grain wheat.

Materials and Methods

RFB from laboratory cultures were sexed as pu-
pae, and virgin females were paired with males on
whole grain wheat for 6 d to ensure mating. Fe-
males then were confined individually in sealed
5-ml vials with 4 ml whole grain wheat at the
experimental moisture contents (6, 10, 12, 14, and
16%). Grain samples at the experimental moistures
were obtained in sealed containers from the Uni-
versity of Nebraska Wheat Quality Laboratory.
Dockage and fine materials were removed before
moisture adjustment. Samples were then prepared
using methods (No. 44-16) approved by the Amer-
ican Association of Cereal Chemists (Anonymous
1969) and held in full, tightly sealed containers.
Thirteen vials prepared with grain at moisture con-
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tents of 12, 14, and 16% were placed in environ-
mental chambers at 20, 27, and 32°C. Thirteen vials
with grain at 6 and 10% moisture content were
placed at 27°C only. Thus, data for this study were
based on observations of 143 individual female RFB.

Fresh wheat at the appropriate moisture content
was provided every 3 d for the first 41 d, then
weekly. Adult survival rate (L) for the 13 RFB at
each combination of moisture content and tem-
perature was obtained each time food was re-
placed. Each grain of wheat was removed and ex-
amined microscopically for the presence of eggs.
Fecundity (m,) was calculated as the mean number
of eggs produced per female per 3 d. Net repro-
ductive rates (R,) were calculated as R, = 3 Im,
(Southwood 1978).

Results and Discussion

RFB did not reproduce at or below 10% moisture
content and survived <6 d at 6% and <18 d at
10%. Above 10% moisture content, adult survival
increased with increasing moisture and generally
decreased as temperature increased (Fig. 1). Fe-
cundity increased with both increasing grain mois-
ture and temperature. Thus, decreased survival rate
was most important in reducing net reproductive
rate between 27 and 32°C. Net reproductive rate
increased with moisture content at 27 and 32°C.
At 20°C, net reproductive rate was highest at 14%
moisture content.

In all experimental environments, we obtained
lower RFB reproduction on whole grain wheat than
was reported by Howe (1962) on wheat flour under
similar environmental conditions. Both greater fe-
cundity and survival contributed to greater repro-
ductive rates on wheat flour. The tendency of our
data toward increased fecundity at higher tem-

0022-0493/88/0488-0489$02.00/0 © 1988 Entomological Society of America

=

SURVIVAL RATE (1,) SURVIVAL RATE (i)

SUIRVIVAL RATF ()

Se



€ on

lower
indity
inter-
| 16%
*asing

ced in environ-
. Thirteen vials
e content were
this study were
1al female RFB.
10isture content
first 41 d, then
- the 13 RFB at
ntent and tem-
: food was re-
>moved and ex-
‘esence of eggs.
e mean number
3 d. Net repro-
as R, =2 Im,

m

w 10% moisture
and <18 d at
. adult survival
- and generally
d (Fig. 1). Fe-
ing grain mois-
ed survival rate
:t reproductive
roductive raté
: 27 and 32°C.
highest at 14%

s, we obtained
-ain wheat than
eat flour under
.oth greater fe-
greater repro”
:ndency of ouf
it higher tem-

April 1988 LHALOUI ET AL.: REPRODUCTION OF RED FLOUR BEETLE 489

L m
L m L.‘ _______ 4% 0
20°C, 2%ame. o «.o}-‘ -------------------- —. 483 10 e, 8
= R, 0@ 2 -~ VRS b g 8
= . 8 = € 5, Sl
By S et 20, 4%me. led €9 20°C, €% mc 416m
W Sm w R 699 = R« 176 z
= 2 e N B Wel -t z
<. > a6 - = o
: o= {47 Je
- >~ Jda o IR ]
< - \ 14 <4 =3 < [=]
ES \ g 2 2 2 P
> X < 5 E s 42 %
¥ S 20 2 @ & 2 o
S - ny 3 m, =
n 3 o « x
_— o~ 0 IS O e o™
[} - 26 38 4 63 kes 9 05 o “ 2% 38 49 63 m 9N 08 '] “ 26 38 49 63 ™ 9N e
AGE IN DAYS AGE IN DAYS AGE IN DAYS
L 27°c, 2% b m wL" Ja
0 luﬁ c, me. 40 10 - 18 3 12
- - R+ 3.52 [ \ 2 27°C, €% me @
3-5- ot 3 Zal N 6}. =8 R,* 29.37 e
: - 27°C, 14%m, <46m = |
w '—\\____..\ & T w < N] 2 w ;
Sl \ B e} R 276 B Eelm B
«’ \ Jom = Ja0 {0
3 o [ -
N \ o Jal & Fer ™
2 N g 24 E 2 g
s N 2 2™ Te z. 1?a
zof . &2+ s 2T b
m, ——. 3 @» 3
23 x “~ _3 @ o ot 0 on
oY o—
O 4 26 38 49 e 17 & 105 0 ® 26 38 43 & 77 % s 0O 4 26 38 49 6 717 9 103
AGE IN DAYS AGE IN DAYS AGE IN DAYS
m . m
ol 32°C, 2% me. Jsm |.0L 32°C, 4% me. 14q o}, 32°C, 16%mec. 8 &
0p Loy @ h a &
- \ R 4.69 e , A, 1323 @ R, 222 @
> \ > . \ 3 e o3
~8F 5 mo o {6m =P 46 m
A sm z L
o h z ¥ By, H
S A q 6 o 6}
E “ m o {¢T = 14T
\ 1*s Fi ) "
.34 g g4 4 £ AL N m e e e e 2
S im \ 22 2 fox 2 2%
2l N, o &, 9 Sa @
2 b = 0 3 @ {3
@ N 3 5
\ = o~ o~
o} 3 o~ [} o

PPN
[} 0 W 26 38 49

Fig. 1. Survivorship (1), fecundity (m,), and net re
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production (R, = T I:m,) of T. castaneum on whole grain

wheat at three temperatures (°C) and three grain moisture contents (%m.c.).

Peratures and moisture contents parallels Howe'’s
ndings. In contrast to our study, Howe reported
t}}at most beetles survived for the full duration of
1S tests. Thus, our data support the conclusion of
Birch (1947) and Daniels (1956) that RFB is ca-
Pable of survival and reproduction on whole grain
wheat, However, survival and reproduction are
clearly lower on whole grain wheat than on wheat
our.

From the standpoint of management of farm-
stored grain, our data indicate that grain held in
storage at moisture contents of 10-12% is unlikely
;?F BeVEIOp economically damaging populations of
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