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Outline of Biological Effects,
Fecundity, Eclosion and Lifespan on
Adult Tropical Warehouse Moth, Cadra
cautella (Lepidoptera: Pyralidae) by
using Sex Ratio

Abstract

Tropical warehouse moth Cadra cautella Walker, 1863 (Lepidoptera: Pyralidae) is a major pest of
stored food products worldwide. It was originated from the tropics and subtropics but it disperses through
imported food cargoes. The biological performance, fecundity, eclosion (emergence of larvae from egg or
adult from pupae) and lifespan of adult Tropical warehouse moth at different sex ratio (female: male) was
studied under constant conditions. Fecundity and eclosion of larvae was investigated by five treatments:
sex ratio (1F:1M, 2M, and 3M), (1M: 2F, 3F) and one more treatment of separated male and female as a
control for lifespan. Eclosion of adult was measured by collecting 350 pupae in different aged 200 male
and 150 female. 1M: 3F treatment have the highest number of eggs and the least percentage of hatching
to larvae and 2M: TF and 3M: 1F treatments non-significantly behaved between them having the least
number of total eggs and the maximum number at total eggs per female, in both have a larger percentage
of hatching to larvae respectively. Lifespan of male was significant with all treatments except 1M: 3F and
lifespan of female was non-significant with all treatments. Eclosion of adults calculated as three levels
of normal, abnormal and not emerged; for female 42% normal, 5% abnormal, 53% not emerged out of 150

pupae and for male 20% normal, 10% abnormal 70% not emerged out of 200 pupae, was observed.

Introduction

Tropical warehouse moth; almond moth; cocoa moth; fig
moth Cadra cautella Walker, 1863 (Lepidoptera: Pyralidae)
is a major pest of stored food products worldwide [1]. It is
originated from the tropics and subtropics but it disperses
through imported food cargoes [2]. This dangerous pest of
stored products is extremely found in packaged food [3]. A
very serious cosmopolitan stored product pest infesting a wide
variety of hosts such as maize, wheat, and other grains in
stores. This specie is a poly-phagous pest that feeds on dried
fruits, beans, nuts, bananas, groundnuts, dried cocoa, dried
grains, pulses, tobacco, and coconut. Infestation is mainly
post-harvest [4].

Sex ratio means male to female rate in population when
male and females in a ratio of 1:1 that a stable strategy in a
population of diploid organisms including insect [5]. Sex ratio
for a population is an indicator of mating intensity [6]. Almost
equal sex ratio for males and females exists in many animal

species including insects [5,7-9]. The mating system have
strong effects on mechanism and sex ratio in population and
also may be have effects in properties of sex ratio in older ages
[6]. A favor in sex ratio might occur because of many factors
such as local mate competition (LMC) [10,11], birth, death and
migration rates [5], edaphic factors [12], micro-organism
infection [13] and inbreeding [14].

Reproduction of insects is also affected by the females
mating frequency during her reproductive period [15]. C. cautella
is a polyandrous, and its initial mating starts on the first day
after emergence and further takes place on following days
[16]. Present study was carried out to explore the biological
performance of adult C. cautella at various sex ratios and
pairing duration was also investigates for females and males
kept together.

Materials and Methods

To fulfill the objectives of study, a laboratory experiment
was conducted at the Economic Entomology Research Unit
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Laboratory, Plant Protection Department, College of Food and
Agriculture Sciences, King Saud University, Riyadh, Kingdom of
Saudi Arabia. A colony of tropical warehouse moth was reared
on a modified diet composed of a mixture of 1 kg of crushed
wheat, hen and broiler poultry feed (each 1.5 kg), and 400 ml of
glycerine (Al-azab 2007). Clear-plastic, 1.3-L containers (18, 12,
and 6 cm) were used for rearing. The colony and experiments
were maintained at 25°C and 65% relative humidity, with a
photoperiod of 16:8 L: D inside an incubator (Steridium i500,
Queensland, Australia). Only newly emerged adults were used
for experiments. To obtain them, pupae were removed from
the colony and kept in 60-mL transparent plastic cups (7 cm
diameter, 2.5 cm tall). Insects were sexed at the pupal stage
and adults of each sex were kept in separate containers. For
the sex-ratio experiment, groups of newly emerged adults at
different sex ratios were confined until their deaths in a 310-
mL plastic jar (7 cm diameter, 8 cm tall), positioned upside
down. Fiber screen (1 mmz?) was used to cover the rim of the
jar to let eggs pass down to the 8-cm diameter plastic Petri
dishes, which acted as a lid for the jar. Adults were fed by a
piece of cotton soaked in sugar solution (10% w/v) that was
clipped on the wall of each jar. Air circulation inside the jar was
increased by seven small needle holes in the container’s walls.
5 replications of the sex-ratio experiment were performed on
six treatments: normal sex ratio (1 Female: 1 Male), two male-
bias sex ratios (1F:2M and 1F:3M), two female-bias sex ratios
(2F:1M and 3F:1M), and virgin females alone (1F:0M) and virgin
male alone also. The number of eggs, their hatching rate, and
the incubation period were determined. Also, total lifespan for
both males and females were recorded for the experiment. All
data were obtained by daily observations starting from the time
females and males were confined in the plastic jar until they
died. All data analysis was conducted using SPSS version 18.

Results and Discussion

Impact of sex ratio on the fecundity of adult tropical
warehouse moth

All treatments, started laying eggs in 24 hours after mating
except only one treatment (2F:1M) it began setting the eggs
after 48 hours. The maximum number of eggs deposition was
in the 3, 4* and 5™ day respectively (Table 1)

When we compare between total number of eggs and total
eggs per one female, it is clear that treatment 3F:1M have
the maximum number of total eggs and 1F:1M have the least
number of total eggs and 3M: 1F have the maximum number

of total eggs per female and 2F:1M have the least number of
total eggs per female. It means that the population have a
lot of female, it can deposit the more eggs but the minimum
number of eggs per one female (Figures 1,2). On other hand the
population have a lot of male, it can give the optimum number
of eggs but the maximum no. per one female (3M: 1F, 2M: 1F)
respectively (Figures 1,2).

When we compare between sex ratio at total eggs and
total eggs per one female, the difference between sex ratios
at total eggs is very significant (P < 0.000) (Table 2). Which
means there were differences between sex ratios but we cannot
determine which ratios differ one or more, therefore LSD test
was employed to see detailed differentiation between all ratios.

Whereas, sex ratio at total eggs per female was found
non-significant (P < 0.207), which explains that no difference
between sex ratios at total eggs per female (Table 3).

Although, there was no significant difference between sex
ratios at total eggs per female, the LSD analysis shows a little
differentiation between 3M: 1F and 1M: 2F but this difference
did not affected on all the data (Table 4).

The significance between sex ratios at total eggs explained
with LSD analysis (Table 5), showed that the treatment
3F:1M is fully different for all treatments, not likely the non-
significance of total eggs per female in which one treatment
different not effecting on total but only for treatment 3F:1M
that was maximally effected on all ratios.

Impact of sex ratio on the eclosion of larvae (hatchabi-
lity) of adult tropical warehouse moth

All eggs from first day hatching to larvae, except only one
(3F:1M), the percentage of hatching in first day was 100%. The
maximum hatching of eggs which was deposited in the 4™ day,
2nd and 3th day respectively is presented in Table 6.

Comparison between total number of larvae and total
number of eggs per one female showed that the treatment
3F:1M have the maximum number of total larvae and 1F:1M have
the least number of total larvae and 3M: 1F have the maximum
number of total larvae per female and 2F:1M have the least
number of total larvae per female. Which explained that the
population have a lot of females, it can give the more larvae but
the minimum number of larvae per one female (Figures 1,2).
On other hand, the population have a lot of males, it can give

Table 1: Total number of eggs per day by tropical warehouse moth female at five different sex ratios (meanz SE).

Eggs/treatments at day

[T O S 2 S O I O O T
4 40 76 83 43 64 6 27

Total per female

TF:1M 187 110 138 78 871 871
2FIM 0 95 167 157 138 91 7 61 48 49 15 989 494.5
3F:1M 2 247 699 963 891 370 286 165 48 52 32 31 3879 1293
2M:1F 13 225 297 160 125 87 118 40 17 4 0 0 1086 1086
3M:1F 45 281 291 182 248 102 35 15 20 35 15 1357 1357
Total 65 890 1644 1576 1545 734 658 408 193 198 133 100
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the optimum number of larvae but the maximum number per Table 5: Significance between sex ratios at total eggs.

one female (3M: 1F, 2M: 1F) respectively (Figures 3,4). (1) Treatments [ORICEMENS Mean Difference (I-J) Sig.
2M:1F -43.000 0.733
Percentage of hatch between sex ratio at total larvae and - IMTE 97200 0.444
tota& larv]e)ledpe]r) onebfemale, vl\;e observed that same results - IM2F 23.600 0.852
as described above because the percentage is constant, so
. A P I g ’ TM:3F -601.600" 0.000
difference between sex ratios was significant (P < 0.010) (Table
7 1M:1F 43 0.733
’ 3M:1F -54.200 0.668
2M:1F
1M:2F 19.4 0.878
1500 TM:3F -558.600" 0.000
——1F1M —8—2F1M 3F:1M TM:TF 9r.2 0.444
2M:1F —@—3M:1F IMTF 2M:TF 54.2 0.668
’ 1M:2F 736 0.561
1000 X
1M:3F -504.400 0.001
1M:1F 23.6 0.852
M2 2M:1F -19.400 0.878
500 ' 3MIF -73.600 0.561
% TM:3F -578.000" 0.000
q'-l:' 1M:1F 601.600° 0.000
S0 \ ay 2M:1F 558.600° 0.000
O 1M:3F )
= 01 2 3 45 6 7 8 9 10 11 12 13 3M:IF 504.400 0.001
TM:2F 578.000" 0.000
Figure 1: No. of eggs deposited per day for five treatments. * The mean difference is significant at the 0.05 level.
1600
Hatchability
w 1400
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treatment Figure 3: Number of total Larvae emerged per day of five treatments.
Figure 2: No. of eggs per 1F for all treatment.

1000
Table 2: ANOVA for significance of total eggs per female. 800
600

Between Groups 8.279 0.000 H2F:1M

Within Groups - -

400
3F:1M
- Am
. 2M:1F
Table 3: ANOVA for non-significance of total eggs per female 0
1

m3m1F

Between Groups 1.625 0.207 Treatments

Within Groups - -
Figure 4: Number of Larvae emerged per female of five treatments.

Table 4: Little significance in sex ratios at total eggs per female.

0] O]

No. of larvae

The significant difference between sex ratios at larvae

T T Mean Difference (I-J) Std. Error Sig.
reatments | Treatments explained with LSD analysis (Table 8), showing that the
TMAF a2 7733 0.226 treatment 1F:1M was different with 1F:2M and 2M: 1F is
2M:1F 54.2 77.733 0.494 . .
3M:1F different with 2F:1M and 3F:1M. The 3M: 1F was found non-
1M:2F 1725 77.733 0.038 o . . .
significant with all ratios, results declared 2M: 1F the best ratio
1M:3F 12.8 77.733 0.871

037
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to get a maximum number of larvae and there was no difference
between 2M: 1F and 3M:1F, so we can say that if the sex ratio

have more than one extra male it can give good hatching. 20
15
The percentage of emerged male and female of adult tropical § 10 —e—+female control
warehouse moth were studied by collecting 200 male pupae
and 150 female pupae, the percentage of male as a normal 20% 5 —@— Male control
about 39 normal male and 10% as abnormal and 70% failed to 0
emerge. Fore females, the percentage of normal is better than 0 2 4 6

males, about 42% out of 150 pupae and only 5% as abnormal
and 53% not emerged (Figures 5,6).

Reproduction

Figure 7: Lifespan of male and female control.

The mean of lifespan in this experiment for male and
female is 10.2 + 0.6 and 11.2 + 0.6 days respectively (Figure 7).

The maximum to minimum lifespan for male 19 : 9 day
with mean 14.0 + 1.8 day and 20:11 day with mean 16.2 + 1.7
days for female (Table 9).

The significant difference for male and female in this
experiment was significant. In male the control was different
with all treatments except 1M: 3F and only one treatment have
interaction between ratios 1M: 3F with 2M: 1F. In females,
control was maximally different with all ratios, and also had
one interaction between other ratios of 1M: 1F with 2M: 1F

(Table 10).
Female Male
= Normal
= Abnormal
The maximum fecundity of females in this experiment was
failed 258.6 that was very closely resembled with previous studies
70 [17]. Sex ratios had a big difference effect on egg-deposition at

total eggs of population but a very little effect at total eggs per
family with similar to that of reported in other insects in family
Pyralidae [18].

Figure 5: The percentage of emerged male adult The maximum eggs deposition occurred on the third

day [19] occurred in this study. Hatchability of eggs for the
treatments which have the maximum total number of eggs
reduced was found similar to that of Soffan et al. [18], with only
difference in total number of eggs influenced with sex ratio.

The maximum larvae emerged on second day, egg
hatchability was significantly reduced in total eggs or total
eggs per female, and the strong ratios gave larvae the sex ratios
of 2M:1F and 3M:1F, respectively without significance between
two similar ones as reported earlier [18]. Lifespan for male and
female calculated as 15.1 day in 25 °C might be same with the
findings of Tunca et al. [20]. Lifespan was affected by different
sex ratios are in line with earlier findings of Soffan et al. [18].

= Normal = Abnormal failed Conclusion

Results from current study explained the effects of sex

Figure 6: The percentage of emerged female
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Table 6: Total number of larvae per day by Tropical warehouse moth female at five different sex ratios (meanz SE).

Total per
+
M Hatchability of eggs for 12 days - female Mean * SE Percentage

1F: 1M 141 28 20 451 44.272 +12.59 51.78%
2F:1M 42 118 50 68 79 68 47 28 36 23 4 2 566 283 40.72 +8.98 57.23%
3F:1M 0 119 211 559 233 180 57 18 23 16 20 25 1485 495 40.432 +4.39 38.28%
2M:1F 8 169 251 127 98 59 88 29 12 2 0 0 843 843 77.515.63 77.62%
3M:TF 24 210 164 109 151 61 56 18 10 14 25 10 852 852 62.936 +3.62 62.79%
Total 110 757 7 944 589 382 268 125 95 90 55 40 53.172 +4.37

Table 7: ANOVA for significance between sex ratios for Larvae. Table 10: Show the significant of life span fore male and female.

Between Groups 4.468 0.010 Mean Mean
. T T Difference Difference
Within Groups R B reatments | Treatments (-9) )

TM:1F 4.20000" 1.78937 0.027 4.00000" 1.60964 0.02

Table 8: Significance between sex ratios at larvae. 2M:1F 6.40000° 1.78937 0.002 8.00000° 1.60964 0.000
Mean Difference 3M:1F 4.73333" 1.78937 0.014 6.80000° 1.60964 0.000
(I) Treatments | (J) Treatments Control

(I-J) 1M:2F 5.20000° 1.78937 0.008 5.70000° 1.60964 0.002
1M:1F 2M:1F -33.22800* 11.01311 0.007 1M:3F 2 1.78937 0.275 5.66667° 1.60964 0.002
IMAE 18.66400 11.01311 0.106 Control -4.20000° 1.78937 0.027 -4.00000° 1.60964 0.02
Mo 4562 o3 075 2M:1F 2.2 1.78937 0.231 4.00000° 1.60964 0.02
: . . . 1M:1F 3M:F 0.53333 1.78937 0.768 2.8 1.60964 0.095
TM:3F 3.84 1n.01811 | 0731 TM:2F 1 178937 0.581 1.7 1.60964 0.301
2M:1F TM:1F 33.22800* 11.01311 0.007 1M:3F -2.20000 1.78937 0.231 1.66667 1.60964 0.311
IMTE 14.564 11.01311 0201 Control -6.40000° 1.78937 0.002 -8.00000" 1.60964 0.000
IM:TF -2.20000 1.78937 0.231 -4.00000° 1.60964 0.02

1M:2F 36.78000* 11.01311 0.003
2M:1F 3M:1F -1.66667 1.78937 0.361 -1.20000 1.60964 0.463
TM:3F 87.06800* 1n.msmn | 0.003 IM2F  -1.20000 1.78937 0.509 -2.30000 1.60964 0.166
3M:1F TM:TF 18.664 11.01311 0.106 1M:3F -4.40000° 1.78937 0.022 -2.33333 1.60964 0.16
IM:1E -14.56400 11.01311 0.201 Control -4.73333" 1.78937 0.014 -6.80000" 1.60964 0.000
IM:TF -53333  1.78937 0.768 -2.80000 1.60964 0.095

1M:2F 22.216 11.01311 0.057
3M:1F 2M:1F 1.66667 1.78937 0.361 1.2 1.60964 0.463
TM:3F 22.504 11.m3nn | 0054 IM2F 046667 1.78937 0.796 -1.10000 1.60964 0.501
1M:2F TM:1F -3.55200 11.01311 0.75 1M:3F -2.73333 1.78937 0.14 -1.13333 1.60964 0.488
OMIF -36.78000% 11.01311 0.003 Control -5.20000° 1.78937 0.008 -5.70000-" 1.60964 0.002
aM1F 9991600 11.01311 0.057 IM:TF -1.00000 1.78937 0.581 -1.70000 1.60964 0.301
1M:2F 2M:1F 1.2 1.78937 0.509 2.3 1.60964 0.166
TM:3F 0.288 11.0131 0.979 3M:1F -46667  1.78937 0.796 1.1 1.60964 0.501
TM:3F TM:TF -3.84000- 11.01311 0.731 1M:3F -3.20000 1.78937 0.086 -03333  1.60964 0.984
IM:1F -37.06800* 11.01311 0.003 Control -2.00000 1.78937 0.275 -5.66667-" 1.60964 0.002
M 9250400 11.01311 0.054 IM:TF 2.2 1.78937 0.231 -1.66667 1.60964 0.311
1M:3F 2M:1F 4.40000° 1.78937 0.022 2.33333  1.60964 0.16

1M:2F -.28800 11.01311 0.979

3M:1F 2.73333 1.78937 0.14 1.13333  1.60964 0.488
TM:2F 3.2 1.78937 0.086 0.03333 1.60964 0.984

Table 9: life span of adult tropical warehouse moth. *. The mean difference is significant at the 0.05 level.

N Mean #* SE of Mean # SE of Sig. of Sig. of

male female Male Female

Control 5 140 +1.8 162417 0.018 0.01 ratios and pairing duration of C. cautella upon maximum
TM:1F 5 9.8+0.97 12.2+0.8 egg deposition day, total eggs, hatchability and male female
2M:1F 5 7613 82%1.2 lifespan durations, which may help us to identify the efficiency
3M:1F 5 93105 94109 of control techniques. Moreover, findings from present work
TM:2F 5 8.8+1.2 10.5£1.0 will fortify our knowledge to optimize the rearing of C. cautella
1M:3F 5 12.0+1.4 10.5+1.1 for biological control.

Total 30 10.2£0.6 11.2£06
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