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Scientific Note
Mortality Resulting from Interactions

Between the Red Flour Beetle
and the Rusty Grain Beetle
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The rusty grain beetle, Cryptolestes ferrugineus (Stephens)
(Coleoptera: Laemophloeidae) (Thomas 1999) is a cosmopolitan
pest feeding on stored wheat, barley, and other cereals (Rilett
1949) and is also found in the nests of Vespa L. (Hymenoptera:
Vespidae) (Linsley 1944), or under tree bark (White et al. 1995).
The red flour beetle, Tribolium castaneum (Herbst) (Coleoptera:
Tenebrionidae) is a polyphagous, cosmopolitan pest feeding
mostly on stored flour and other milled cereal products, broken
wheat (Cotton 1963), and farm-stored cereals (Madrid et al. 1990).
Both C. ferrugineus and T. castaneum successfully feed on many
species of storage fungi (Sinha 1965, 1966). Both are facultatively
predaceous and scavengers (Linsley 1944; Rilett 1949). Their
native habitat was probably under the bark of trees and shrubs
(Linsley 1944). These insects often occur together in stored wheat
in western Canada (Madrid et al. 1990). Cryptolestes ferrugineus
larvae and pupae are protected from predation or cannibalism
because they develop singly under the seed coat covering the
germ of cereal seeds (Rilett 1949; White and Bell 1990). It has
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been observed that when T. castaneum and C. ferrugineus were
reared together, the populations of T. castaneum were often
sharply reduced, relative to controls, within a few months
(Lefkovitch 1967; White 1979), perhaps because all life stages
of T. castaneum were exposed to predation/cannibalism. To de-
termine if interactions between or within the species could affect
population growth, the levels of mortality of selected life stages
of C. ferrugineus and T. castaneum, when starved or when feed-
ing on ground wheat, were studied (Table 1).

Twenty-five individuals of each stage of insect were placed in 9 cm diameter plastic
petri dishes with (1.5 g of ground wheat/dish) or without ground wheat and kept at
25 or 30°C at 70% RH for 7 d and observed for mortality (50 insects per dish; larvae
were 4th instar). There were four replicates for each treatment and a control of appro-
priate stages of individual species kept separately at the same rearing conditions.
Treatment effects were compared using ANOVA with three-way classification (tem-
perature, predator species, prey species), separately for stages or two-way ANOVA
for larvae feeding on pupae (SAS 1999, GLM Procedure). Three-way least square
means were compared using pair-wise t-tests (P = 0.05) with a pooled variance esti-
mate from the ANOVA (PDIFF option in the GLM Procedure, Table 2). Compari-
sons between prey species mortality were made from the PDIFF Table. Control mor-
tality was always less than 5%. All interactions were used in ANOVA.

In control dishes containing only eggs or pupae of either species or larvae of C.
ferrugineus, mortality did not occur. In control dishes containing larvae of T.
castaneum, mean ± SE mortality ranged from 3± 1 to 17 ± 2%, with mortality ap-
proximately twice as high when there was no grain or at the higher temperature.
Without predators, mortality of all stages was low. With adult beetles of either spe-
cies present and no grain to serve as an alternative food source, mortality of eggs,
larvae and pupae was 100%. Without alternative food, adults of both species were
effective predators of the immature stages of either species. Larvae of the two spe-
cies were equally effective predators of eggs of either species, causing 100% mortal-
ity; however, larvae of T. castaneum were more effective predators of T. castaneum
pupae (mortalities of 70 and 96% at 25° and 30°C, respectively) than were C.
ferrugineus effective predators of T. castaneum pupae (mortalities of 14 and 23% at
25° and 30°C, respectively; see Table 1). Nevertheless, without an alternative food
source, larvae of both species preyed on eggs and pupae.

Mortality was usually greater at the higher temperature, presumably because of greater
insect activity. For all predator stage-prey stage combinations, the main effect of
temperature was highly significant (P < 0.01) although some individual comparisons
were not significant (Table 1). Adults of T. castaneum usually preyed on more
immatures of both species than did C. ferrugineus (Table 1). Cryptolestes ferrugineus
larvae caused significantly (P < 0.01) more mortality of T. castaneum eggs than of C.
ferrugineus eggs at both temperatures. Tribolium castaneum larvae caused more
mortality of C. ferrugineus eggs than of T. castaneum, eggs, but only at 30°C.
Tribolium casteneum larvae caused higher mortality to T. castaneum pupae than did
C. ferrugineus (Table 1). Tribolium castaneum adults are more effective predators or
cannibals than C. ferrugineus, largely because of size, the former weighing about 2.0
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mg (wet weight) and the latter about 0.2 mg (White and Sinha 1987; White and
Demianyk 1999). However, it is likely that T. castaneum can rarely find immature C.
ferrugineus in a grain bulk, while C. ferrugineus adults are effective predators of
exposed T. castaneum eggs and larvae.
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