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This study aims to assess the influence of temperature and food type on the instantaneous population
growth rate of Cathartus quadricollis (Guerin-Meneville). r; was evaluated at 20, 25, 30 and 35°C in
association with broken maize, wheat, sorghum and rice, maize flour and wheat bran. The optimum
development temperature was also estimated for each food. The instantaneous growth rate of C.
quadricollis was influenced by temperature and food type. r; values were low at the 20°C in all food
types and increased at 25°C. There was a slight reduction at 30°C, but there was no insect development
at 35°C, except for maize flour, with low r; (instantaneous population growth rate) values. Optimum
temperature for C. quadricollis growth ranged from 26.26 to 27.14°C for the most suitable foods (broken
maize, wheat and sorghum and maize flour). Under favorable conditions of food and temperature, C.
quadricollis showed high population growth values in relation to other stored-product pests, indicating
that this species has reproductive potential to become an important stored-product pest.
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INTRODUCTION

Square-necked grain beetle, Cathartus quadricollis
(Guerin-Meneville) is considered a secondary pest when
coexisting with primary pests such as Sitophilus oryzae
(Linnaeus), Callosobruchus maculatus (Fabricius),
Rhyzopertha dominica (Fabricius) and Sitofroga
cerealella (Olivier) (Allotey and Morris, 1993). However,
its importance has been disclosed in recent years by
situations where its infestation was second to
Prostephanus truncatus (Horn) and outnumbered species
like Sitophilus zeamais (Motschulsky), Tribolium
castaneum (Herbst), Carpophilus dimidiatus (Fabricius)
and Cryptolestes ferrugineus (Stephens) (Pacheco and
Paula, 1995; Rees, 1996; Loeck, 2002).

In warm temperature and tropical areas, such as the
Southern United States, Central and South America, and
West Africa, C. quadricollis infests maize in the field and
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is very common in the tropics as a pest of farm-stored
maize in subsistence farming (Faroni and Sousa, 2006).
In Brazil, C. quadricollis infestation is also more common
in the field. Picanco et al. (1994) recorded varying
intensity of C. quadricollis infestation in field conditions in
49 Brazilian open-pollinated maize collected in the states
of Espirito Santo, Minas Gerais, Parana, Rio Grande do
Sul and Santa Catarina. Recently, we have observed in
our laboratory Brazilian C. quadricollis populations infes-
ted grains collected from food commodities from the
municipalities of Aguanil and Sao Miguel do Anta (State
of Minas Gerais, Brazil) and Nova Xavantina (State of
Mato Grosso, Brazil). However, there are no reports
confirming the establishment of Brazilian populations of
C. quadricollis adapted to storage environments.
Identifying the species and having knowledge of the
biology of stored-product pest insects are crucial to de-
sign integrated management strategies (Hagstrum et al.,
1996). Under optimum environmental and feeding condi-
tions, these insects usually have high biotic poten-tial and
may even cause total loss of the infested products (Faroni
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et al.,, 2004). Hence, the suitable use of pest manage-
ment techniques requires a knowledge of the biology of
the species. Such information is important to determine
the pest status of a given insect species and decide the
moment a control method should be used (Graciolli et al.,
1998; Caldas et al., 1999). Moreover, knowledge of pest
biology can also be useful to keep a given pest under
laboratory conditions (Pratissoli et al., 2007). This kind of
information is virtually non-existent for C. quadricollis.

Some of the primary factors governing insect abun-
dance are temperature, moisture, and food availability
and quality. Environmental factors and food, influence
insect abundance through their effects on insect develop-
mental times, survival and egg production. According to
lleleji et al. (2007), stored-product pests are primarily
thermophilic in nature, that is, their growth and
survivability are greatly influenced by temperature. The
optimum developmental range of many stored-grain
insects is approximately 25 -35°C (77 - 95°F) (Fields,
1992). But in rural storages, which are not usually airtight,
insects as well as storage grains are continuously subject
to variations in temperature because storage temperature
fluctuates with the outside environment (Prakash and
Rao, 1986).

Because stored-product pest insects are polyphagous,
that is, they feed on several types of products; there are
few studies on the influence of diet on such insects. This
may be a misconception because some species have
preferences or dietary restrictions for specific food pro-
ducts. According to lleleji et al. (2004), the type of food
used by insects considerably affects their reproductive
performance, and for this reason, extensive data are
available on the effect of these factors on reproductive
parameters, predicting phenological events in the insect
life cycle and population trends of insect species. The
preference for certain foods can be associated with their
physical or nutritional attributes, which modify behavioral
responses or negatively affect the development or
survival of insect pest species (Throne et al., 2000). For
instance, Osuji (1982) observed that R. dominica larvae
developed more rapidly when fed on germ than on the
endosperm of maize because of the higher nutritional
value of the former.

Given that knowledge of the factors affecting the bio-
logy of stored-product pest insects is important to design
control strategies, this study aims to assess the influence
of temperature and food type on the instantaneous
population growth rate of C. quadricollis.

MATERIALS AND METHODS

The reproductive potential of C. quadricollis was assessed in
different food types and temperature ranges by determining the
instantaneous population growth rate (r) in each diet and
temperature. Such rate is a direct measure of population growth
during a given period of time. It varies similarly to the intrinsic popu-
lation growth rate (rn) and can be used to predict the population
growth of arthropods (Walthall and Stark, 1997). The main advan-

tage of calculating r; rather than ry is that there is no need to design
a fertility life table (Stark and Banks, 2003).

The insects were collected from maze grains at a warehouse in
the city of Aguanil, State of Minas Gerais, Brazil, in 2008. Insect
species were analyzed and identified as C. quadricollis (Guerin-
Meneville) (Coleoptera: Silvanidae) according to Pereira and
Almeida (2001). These insects were reared in glass jars (1.5 L) at
30 = 2°C, 70 + 5% relative humidity (Rh), and in continuous dark-
ness. Broken maize grains (13% moisture content) were used as
the food source. Grains were disinfested by storage at -18°C for at
least 1 month prior to use to avoid initial infestation.

The r; value was evaluated at 20, 25, 30 and 35°C in association
with broken maize, wheat, sorghum, and rice, maize flour and
wheat bran. These food products were used because they were the
main source of infestation foci of C. quadricollis in the stored-
product samples received by our laboratory between 2004 and
2008. The bioassays were performed on Petri dishes with 140 mm
diameter x 10 mm width containing 50 g of each food type. The
Petri dishes were individually infested with 20 non-sexed adults of
C. quadricolis (2 - 4 weeks old) and incubated in BOD chambers at
the pre-established temperatures for 60 days. After this period,
adult progeny was counted.

The experiment was set up in a complete randomized design, in
a 4 x 6 factorial arrangement (4 temperatures x 6 food media), with
six replications. The instantaneous population growth rate () was
calculated from the equation proposed by Walthall and Stark (1997)
(Equation 1), using the initial and final insect numbers (progeny).
The data were examined through analysis of variance (ANOVA)
and followed by the Tukey test (p<0.05) to compare ri among the
different foods at each temperature, using SAS software (SAS
Institute, 2002). Regression analyses were used to evaluate the
effect of temperature on the r; value for each food, using Sigma Plot
software, version 7.0 (SPSS, 2001), and the models were chosen
according to the significance of the regression coefficients (t, p <
0.05) and the coefficient of determination.

r; =In(Nf/NO/AT) (1)

Where: N; = final number of insects/plate; No = initial number of
insects / plate; AT = time variation (bioassay duration, in days).

RESULTS

The r;value for C. quadricollis was significantly influenced
by temperature (F3120= 376.60, p < 0.01) and food type
(Fs.120= 74.49, p < 0.01). The three-parameter Gaussian
distribution model y= aexp(-0,5((x-b)/c)2) provided the
best adjustment for the regression analyses as a function
of temperature in all the investigated foods (Table 1 and
Figure 1). The r; values were substantially low at 20°C in
all food types and increased at 25°C (Figure 1). There
was a slight reduction at 30°C, but there was no insect
development at 35°C, except for maize flour, with low r;
values.

The equations showed that the optimum temperatures
for C. quadricollis development for broken maize, wheat
and sorghum and maize flour were 27.01, 26.68, 26.26
and 27.14°C, respectively, with a variation of 3.24%
among them (Table 1). Lower optimum temperatures
were found for broken rice and wheat bran (24.50 and
25.00°C) (Table1) because of the low reproductive per-
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Table 1. Summary of non-linear regression analyses of the instantaneous population growth rate for C. quadricollis as a function of
temperature in six food media.

Food media Model oDT* dferror F P R’
Broken maize r=0.0694exp(-0.5([x-27.01)/ 2.35)2) 27.01 21 98.21 < 0.001 0.90
Broken wheat r=0.0638exp(-0.5([x-26.68]/ 2.20)2) 26.68 21 221.08 < 0.001 0.95
Broken sorghum r=0.0628exp(-0.5([x-26.27)/ 1.79)2) 26.26 21 116.99 < 0.001 0.92
Broken rice r=0.0042exp(-0.5([x-24.50)/ 1.71)2) 24.50 21 4.58 0.022 0.30
Wheat bran r=0.0055exp(-0.5([x-25.00)/ 2.03)2) 25.00 21 19.44 < 0.001 0.65
Maize flour r=0.0899exp(-0.5([x-27.15]/1 .86)2) 27.14 21 465.14 < 0.001 0.97

*ODT = optimum development temperature.
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Figure 1. Instantaneous population growth rate (r;) of C. quadricollis at different temperatures in six food
media.

performance occurring in these foods at 20, 30 and 35°C (Figure 1).
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Table 2. Means of the instantaneous population growth rate (r) of C. quadricollis in broken maize, wheat, sorghum, and rice, maize flour and wheat bran at different temperatures.

Temperature (°C)

Food type + SEM

Broken maize

Broken wheat

Broken sorghum

Maize flour

Broken rice

Wheat bran

20 0.00088 * 0.00062 a
25 0.04823 £ 0.00534 a
30 0.03093 * 0.00266 a
35 0.00000 * 0.00000 a

0.00063 * 0.00049 a
0.04760 £ 0.00189 a
0.02045 + 0.00323 a
0.00000 * 0.00000 a

0.00013 £ 0.00013 a
0.04892 + 0.00320 a
0.00717 £ 0.00441 b
0.00000 * 0.00000 a

0.00000 * 0.00000 a
0.04618 £ 0.00191 a
0.02777 £ 0.00178 a
0.00027 + 0.00027 a

0.00013 £ 0.00013 a
0.00410 £ 0.00237 b
0.00000 * 0.00000 b
0.00000 * 0.00000 a

0.00027 = 0.00017 a
0.00552 + 0.00150 b
0.00027 +0.00017 b
0.00000 * 0.00000 a

Means followed by same letter in the rows are not significantly different by the Tukey’s test, at p < 0.05.

It was observed that at 25°C, the r; value for C.
quadricollis was significantly higher in broken
maize, wheat, and sorghum and maize flour than
in broken rice and wheat bran (Table 2). At 30°C,
r; was significantly higher in broken maize and
wheat and maize flour than in broken sorghum,
wheat bran and broken rice. However, there was
no significant variation in r;among the food types
at 20 and 35°C because r; values were
substantially low at these temperatures.

DISCUSSION

The results of this study indicate that C.
quadricollis reaches reproductive status as a pest
under optimum temperature and suitable feeding,
as is the case with the main stored-product pest
insects (Pimentel et al., 2007; Sousa et al., 2008).
The best reproductive performance for C.
quadricollis was observed at 25 and 30°C. Opti-
mum development temperature was estimated
between 26.26 and 27.14°C for insects fed on
broken sorghum, wheat, and maize and maize
flour. In contrast, the insects showed low repro-
ductive performance at 20 and 35°C and when fed
on broken rice and maize flour. This suggests that
the population growth of C. quadricollis occurs at
a short interval around the optimum temperature
for the development of the species under suitable

feeding conditions. Nevertheless, the optimum
temperature for C. quadricollis was lower than that
of other species from the family Silvanidae, such
as Oryzaephilus surinamensis (Linnaeus), 32.5 to
35°C; Oryzaephilus mercator (Fauvel), 30 to
32.5°C and; Ahasverus advena (Walt), 30°C
(Pacheco and Paula, 1995; Rees, 1996; Faroni
and Sousa, 2006).

The low reproductive performance of C.
quadricollis at extreme temperatures (20 and
35°C), and feeding on broken rice and wheat bran
can be associated with a few factors such as in-
crease in development time, reduction in survival
and egg production, since this has been fre-
quently observed in other stored-product insects
(Faroni and Garcia-Mari, 1992). Schwartz and
Burkholder (1991) observed that the development
time of S. granarius (Linnaeus) reared on five
different types of grain varied from 35.1 days on
rice to 45.5 days on maize. Faroni et al. (2004)
reported that females of R. dominica showing
longer preoviposition and shorter oviposition pe-
riods on annual canary grass when compared with
other six foods. Hagstrum et al. (1996) informed
that the development time of 11 species of stored-
product beetles and six species of stored-product
moths was affected by moderate, high or low
temperatures. Burks et al. (2000) reported that at
extremely high or low temperatures, stored-
product insects are killed and more moderate,

high or low temperatures are far less lethal, but
can still prevent population growth.

According to some authors, C. quadricollis
seems to prefer maize especially in the field
(Allotey and Morris, 1993; Faroni and Sousa,
2006). Wheat feed has been reported as a rela-
tively unsuitable food for C. quadricollis (Yoshida,
1976), but the results of this investigation showed
that broken wheat is suitable for its development
in favorable conditions of temperature. LeCato
(1976) noted that finely foods were generally more
favorable for yield and development of Plodia
interpunctella (Hubner) and Ephestia cautella
(Walker). This aspect of insect development was
not detected in the this study when C. quadricollis
was reared on wheat bran, indicating that the
failure of the reproductive performance of C.
quadricollis fed on this food was more affected by
food-specific characteristics than by its size.
Based on nutritional values, wheat bran has high
contents of crude fiber and protein, lignin and
cellulose (Zambom et al., 2001), which are plant
cell wall constituents and play important roles in
defense mechanisms against insects by acting as
digestibility reducers (Price, 1997).

The non-preference of C. quadricollis for broken
rice was already expected, because certain rice
grain characteristics such as husk integrity, brea-
kage and hardness of grain kernels, thickness and
silica content of the husk may hinder the develop-



of some store-grain insects of stored products (Prakasah
and Rao, 1996). Broken rice was included among the
treatments of this investigative study because our
laboratory received several rice samples infested with C.
quadricollis coexisting with other species. Silica gives a
rigid texture to the epidermis (hardness), constituting a
mechanical barrier that hinders insect attack and nutrient
assimilation (Busato et al., 2002). In this way, the non-
preference of C. quadricollis for broken rice and wheat
bran may be associated with the nutritional and physical
characteristic of these foods. Although there are few
reports on the biology of C. quadricollis under storage
conditions, the present study shows that this species has
high biotic potential under optimum temperature condi-
tions and suitable feeding. Hence, after C. quadricollis is
identified in a warehouse, it is advisable to constantly
monitor the species population to avoid harmful popula-
tion levels and identify the most suitable moment to
employ pest management techniques. It should be
pointed out that the results of this study can be used to
select the best nutritional substrates for C. quadricollis in
laboratory rearings, and broken maize, wheat, and
sorghum and maize flour are the ones suggested for this
purpose.
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