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Abstract

This study was carried out to reveal the length-weight relationship, sex ratio and chromosome number of Periplaneta
americana. One hundred specimens of P americana were collected from different locations around Ekiti State University
environment. For sex ratio and the length-weight relationship between male and female P. americana, seventy specimens
were examined for sex ratio and length-weight relationship between male and female P americana, while thirty specimens
were observed for cytogenetic study. Meiotic chromosomes of male P americana were prepared from their testes using
standard methods and photomicrographs of the chromosomes were taken. From this study, the sex ratio was 1.3: 1 (male
to female), there was no significant difference (P>0.05) after comparing the mean total length and the mean body weight,
and also the mean forewing length versus mean body weight. The total length and body weight of male P americana showed
a negative correlation (r=-0.2149) while the females P americana were positively correlated (r=0.1086) between the total
length and body weight. However, negative correlation (r=-0.0412) was also observed between total length and body weight
in all the specimens collected. For the forewing length and body weight relationship, a positive correlation was observed in
male (r=0.1367), female (r=0.2453) and total population (r=0.5167). Also, the meiotic metaphase chromosome showed 16
bivalents and 1 univalent, although no secondary constitution was observed. Therefore, the total and forewing length of P.

americana can be used to determine their weight.
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Introduction

The American cockroaches, Periplaneta americana
are insects which belong to the family of Blattidae in the
taxonomic Order of Blattodea. They are characterized by a
metamorphosis which is made up of three life stages, the egg,
the nymph and the adult stages. The American cockroaches
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Blattodea)

have large size and reddish-brown colour with faded edges
on thorax [1,2] and the length is about 3.8m [1] with mature
wings that are developed and cover the whole abdominal
length. The male wings stretch slightly outside the tip of the
abdomen, while those of the female are almost similar with
the length as the abdomen. However, Nymphs are the same
in appearance but are smaller and also lack wing. Young
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nymphs are greyish brown but after the process of successive
moulting, the colour become reddish-brown [2].

About 4000 cockroach species have been described
worldwide and most of them are nocturnal [3]. A single
female has the potential to produce between 210-1440
offspring. Therefore, only a few cockroaches are needed to
establish a population in a particular area [1]. Sexes of adult
P americana can be easily distinguished by the presence of
styli on the ninth abdominal segment only in an adult male.
Sexes can also be differentiated in nymphs by the presence
of a sharp median notch on the caudal margin of the ninth
sternum of the females whereas the males have a smooth or
a slightly indented end on their ninth sternum [4].

There are variations in diploid chromosome numbers
across orders of insects, and both the mean as well as the
variance in chromosome number differ among insect order.
For instance, Lepidoptera has an average of 30 chromosomes
ranging from 7 to 190 but Diptera possesses 11 chromosomes
on average and the reported chromosome numbers vary
from 6 to 26. As reported by Blackmon and group, these
differences in chromosomal mutation rate could contribute
to this diversity in chromosomal numbers across taxa [5].

Melters and colleague [6] revealed that the presence
or absence of localized centromere influences chromosome
number. Insects have different types of chromosomes
based on the location of the centromere, a large number
of insects possess either acrocentric or metacentric
chromosomes. However, a reasonable fraction of insects,
including all Lepidoptera and Hemiptera possess holocentric
chromosome. Also in the absence of centromere, highly
fragmented chromosomes can segregate successfully during
meiosis [6]. Many chromosomal studies have been carried
out on diverse organisms. However, Mukha, etal. [7] reported
that apart from some ants and termites, little is known about
the genetics of population of any structural pest. Even up to
recent years, works on chromosome structure and number
on cockroaches are close to nil [7].

The number of chromosome mechanism involving
the determination of sex and sex chromosome systems
are intrinsically linked. Factors important in determining
variation in chromosome number also include differences
in meioses that might allow some groups to segregate
rearranged chromosome more reliably [5]. A recent analysis
suggests that lower chromosome number can increase the
probability of transitioning to haplodiploidy, and certain sex
chromosome system may favour fusions more strongly than
others [8].

This study is therefore aimed at providing preliminary
information on the length-weight relationship, the sex ratio
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of P americana and also exploring the chromosome number
of P americana.

Materials and Methods
Source of Cockroach Samples

A total of 100 Cockroach specimens were obtained
from two different locations around Ekiti State University
environment with approximately 300 m distance between
locations. The specimens of P americana were collected
at night by handpicking them into a cage before they were
moved to the Department of Zoology and Environmental
Biology Laboratory of Ekiti State University, Nigeria for
further analysis.

Identification of cockroaches: Sex and species of the
cockroaches were identified using standard taxonomic
classification as reported by Ross [9]. Figure 1 shows some P.
americana caught during the period of study.

Figure 1: Specimens of P americana caught during the
period of study:.

Length-Weight Measurements

Seventy (70) samples were selected for length-weight
measurement. The cockroaches were numbered serially and
measurements of total length and length of the forewings
(Figure 2) were taken using a metre rule. The body weight
was determined using a digital electric weighing scale
(TH-1000, PEC Medical USA). Student’s t-test was carried
out using Microsoft Office Excel (2007) to determine any
significant difference in the length and weight measured
between the male and female P. americana.
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Figure 2: Diagram of P americana showing the total length

and fore wing length.

Chromosomal Studies

Chromosome observation and microscopy: A total of 30
samples were used for chromosomal studies. Life cockroach
was held at the thoracic cavity and the wings were removed
using a pair of scissors. After this, the abdominal segment
was dissected to open the dorsal area along the 5th and 6th
abdominal segment. Then a few drops of the physiological
solution were added to the exposed testes. Few testes lobes

were taken and fixed in Carnoy’s fluid for 4 hours. The lobes
were separated and fixed in a watched glass in acetocarmine
stain for 15 minutes. The stained testis lobe was kept on a
plain slide and two drops of acetic acid were added to it. The
material was macerated using the thumb by pressing the
coverslip with a filter paper and mounted on the microscope
stage after heating for a few minutes. The observation
was done with the magnification lens of x40 using a
binocular research microscope. Only the cells with well-
spread out chromosomes were selected for chromosome
photomicrographs under x1000 objective (oil immersion).

Results

Sex Ratio and the Length-Weight Relationship
between Male and Female P. americana

Seventy (70) samples were selected for length-weight
measurement across the two sampling sites. Male P
americana was larger (39) in number than female specimens
(31) with the sex ratio of 1.3: 1. Table 1 shows the length
and weight of P americana during the study period. The
mean total length, body weight and forewing length of male
P. americana were higher but not significantly different from
those of the female. Analysis of the length and weight of the
total population showed no significant difference.

Parameters N Mean total length +SD Mean body weight +SD Mean fore wing length +SD
Male 39 4.0£0.22° 1.2+0.22 3.0+0.222
Female 31 3.9+0.4° 1.2+0.172 3.0+0.21?
Total population 70 4.0+0.302 1.2+0.9° 3.0+£0.222

*Means of a column with same superscript are not significantly different (p> 0.05)

N=Number of cockroach

Table 1: Length and weight of P americana during the study period.

The range of the total length in male P americana was
3.6-4.5 cm and that of female was 2.2-4.3 cm. While the
range of body weight was 0.6-1.5 g in male P americang, it

ranged from 0.9-1.6 g in the female cockroach (Table 2). Also,
forewing length ranged from 2.3 to 3.4 cm and 2.7 to 3.5 cm
in male and female P americana respectively.

Population Range of total length (cm) Range of body weight (g) Range of forewing length (cm)
Male 3.6-4.5 0.6-1.5 2.3-34
Female 2.2-4.3 0.9-1.6 2.7-35
Total 2.2-45 0.6-1.6 2.3-35

Table 2: Ranges of length and weight of P. americana population.

In Figures 3, negative correlation was recorded between
total length and body weight of male P americana while
Figure 4 illustrated positive correlation in the female
cockroach. However, in the total population (Figure 5), a
negative correlation was also recorded between total length
and body weight.
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For the logarithmic relationship between forewing
length and body weight, positive correlation was observed
in the male, female and total population of P Americana
(Figures 6-8).
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Figure 3: Logarithmic relationship between total length and body weight of male P americana.
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Figure 4: Logarithmic relationship between total length and body weight of female P. americana.
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Figure 5: Logarithmic relationship between total length and body weight of the total population of P americana.
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Figure 6: Logarithmic relationship between forewing length and body weight of male P americana.
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Figure 7: Logarithmic relationship between forewing length and body weight of female P americana.
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Chromosome Observation of P americana

Figure 9 shows the microscopic observations of the
chromosomes of male Periplaneta americana. A total number
of sixteen (16) bivalents and 1 univalent were recorded.

Figure 9: Observed meiotic cell division stage (Metaphase
1) in Periplaneta americana.

Discussion

This study revealed some morphological features and
chromosome number of the American cockroach, Periplaneta
Americana. It was observed that there was no statistically
significant difference in body weight, fore wing size and body
length between the male and female in the whole population.
This indicates that the body dimension, size and weight of
both sexes are the same. The body length observed in this
present study falls within the range of the result of Roth, et
al. [10] who reported 3.5-4.0 cm.

The sex structure observed in this study showed that the
number of males is almost equal to the female numbers in
this population. The trend may be attributed to an increase in
dynamic changes and numbers of the respective individuals.
Cockroaches are one of the most populous insects usually
associated with built structures and are carriers of various
allergens [11]. They are also known as potential mechanical
vectors of microbial pathogens of man and animals [12],
therefore it is important to study the population of this
organism.

About 4000 species of roaches have been described. The
overwhelming majority of roaches possess a metacentric
X chromosome which cannot easily form centric fusions
with autosomes and might explain the rarity of complex
sex chromosomes in this order. Two species that reproduce
parthenogenetically are reported and chromosome numbers
range from 16 in Lophoblatta fissa to 80 in Macropanesthis
rhinoceros [5].

The result of this study showed a meiotic phase in the
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male cockroach and found a chromosome number of 33 (16
bivalents and 1 univalent).

However, early work by Cochran, et al. [13] has reported
23 to 24 chromosomes in randomly collected embryonic
cells in wild type and mutant stocks of German cockroaches,
with the secondary spermatocytes containing either 11 or 12
chromatin body while mitotic metacentric and diploid cells
are also 23 and 24 chromosomes. Though centromeres are
not usually distinguishable during meiosis but at mitosis,
they are mainly metacentric. Chromosomal alteration
(change in number and structure of chromosomes) may
result from an occasional mishap in meiosis which may
lead to chromosomal aberrations [14] and this may cause
mutation. These changes may not even reflect in their
phenotypic appearance [15].

Conclusion

In conclusion, there is a relationship between total and
forewing length and body weight in P americana. This study
suggests that the weight of P americana specimens can
be predicted from the total and forewing length. Also, the
cytogenetic study may help enhance a better resolution of
issues relating to taxonomy. However, more populations from
the six (6) geo-political zones in Nigeria should be studied to
provide better information.
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