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ABSTRACT. The brown cocoa mirid, Sahlbergella singularis Haglund, a major insect pest of
cocoa in Nigeria, could cause 80% loss in yield. Fecundity, morphometries and developmental
biology of the insect were investigated by a new rearing technique. The first rearing phase
involved transfer of 20 day old nymphs collected from field cocoa pod into rearing chamber
equipped with regulated conditions of relative humidity (90 ± 5%) and temperatures (22 - 24°C)
while the second phase was carried out oil sleeved pods on the cocoa trees under natural
conditions. Each of the life stages was isolated, measured and described. Nymphal instars were
separated on the basis of the cast off exuviae. The life cycle from egg to adult lasted an average of
41.1 days while the average egg incubation period was 14.1 days (31.3% of the total
developmental time). There were five nymphal instars with total mean duration of27 days. There
were significant differences in the body morphometries of each of the life stages (P<0.05) for
body length, abdominal width and antennallength. The sex ratio of male to female was 1:1.03.
The potential fecundity of S. singularis was 42.20 ± 4.96 eggs per female from dissected gravid
females whereas the mean actual fecundity from mated females was 37.90 ± 3.09 eggs per
female. This study has made available homogenous populations of S. singularis. The indepth
knowledge of biology of the pest acquired here will assist in the future development of efficient
and ecologically sound management strategies for its controL
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INTRODUCTION attributed to lack of precocious and high
yielding varieties, ageing cocoa plantations,
inappropriate agronomic practices, and
ravage by pests and diseases, the most
devastating (Anikwe et al., 2006). About two
dozen arthropod pests are recognized as the
major constraints to agricultural production
and productivity inAfrica (Abate et al., 2000).
The brown cocoa mirid, Sahlbergella
singularis Haglund has been reported to be the
major insect pest of cocoa in Nigeria. It is
capable of causing about 30% yield loss in the
first year and up to 80% loss :in two

Cocoa (Theobroma cacao L.) is a major cash
crop cultivated in Nigeria. Returns from this
crop have contributed immensely to the
economic development of the country.
Dwindling cocoa production levels has been
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consecutive seasons if fann is left unprotected
(Anikwe et aI., 2006; Idowu, 1989; Ojelade et
al.,2005;Padi, 1997).

Damage by the brown cocoa mirid is
caused by nymphal and adults feeding
resulting in characteristic dark markings
known as lesions on both pods and shoots. The
lesions usually result from the collapse of
plant tissues caused by the toxic saliva of
mirid. Secondary damage having symptoms
of canker and dieback occurs when the feeding
lesions are infected by a parasitic fungus,
notably, Calonectria rigidiuscula (Wood, and
Lass, 1989). The combination of mirid and
fungal damage results in a quick decline of
cocoa farms, especially when control
measures are inadequate (Babinet al. 2008).

The use of synthetic insecticides has been
a common method of mirid control in Nigeria.
Several insecticides had been approved by the
Cocoa Research .Institute of Nigeria (CRIN)
but recently the approvals for these
insecticides have been withdrawn due to
health and environmental hazards posed by
them. Only Thiamethoxam and Chlopyrifos
were recently approved for use in protection of
cocoa farms against mirids. This portends
danger as the pest may develop resistance to
such narrow groups of insecticides over time
coupled with improper usage of available
insecticides (Anikwe et aI., 2009).

In view of the above, cocoa entomologists
are re-doubling their efforts at developing
sustainable and safe control strategies for
mirids. The success is predicated upon having
detailed knowledge of the bio-ecology of the
pest. Paucity of detailed information on the
mirid's life cycle is due in part to lack of
appropriate technique to rear this insect. In this
paper, we report on studies of the
developmental biology of S. singularis carried
out using a newly developed rearing
technique.

II

ExperimentalLocation:
The study was carried out at the cocoa
gennplasm plots located at the Cocoa
Research Institute of Nigeria (CRIN)
Headquarters in Ibadan, Nigeria. Ibadan has
an annual rainfall average of 2000mm with a
bimodal pattern. It is located in the tropical
rain forest ecosystem between latitude 7 30 N
and longitude 3 54 E at an altitude of 200m
above sea level.

A growth chamber of 300cm x 200cm x
240cm (LxBxH) dimension was constructed
from plywood and used for raising mired
cultures as well as studying its lifecycle. A
digital Panasonic air conditioner (Model CS-
CI20KF, 220-240V, 50Hz, R22) - a
temperature regulating system, an electronic
ultrasonic humidifier (model V5100N
120VAC, 60Hz, 36W) that generates humidity
and a portable digital enviro-meter 4. in 1
digital instrument that measures temperature,
relative humidity, wind direction and light
intensity (Figure 1) were installed inside the
growth chamber to obtain a well regulated
environment. The design of the growth
chamber was modified after that of the Institut
de Recherche Agricole pour le Developpement
(IRAD) , Cameroun (Babin, 2005 Pers.:
Comm.).

Insect culture
The rearing procedure was done in two phases.
In the first phase, day-old nymphs were
collected from the field and transferred into
the growth chamber regulated to 90 ± 5% RH
and Temperatures of 22°C at night and 24°C
during the day. The temperatures and relative
humidity chosen were based on the mean
records taken under the cocoa canopies
(n=10). The day old nymphs were fed on cut
chupons in plastic cages each of size



n

x
d
d
A..
1-

a
.c
~.
y
1

It
!e
d
h
It
It

s.
-e
n
a
C
re
n
:s
It
;e

the laboratory, and the eggs were removed
from cocoa pod tissue for observation under a
stereo-binocular dissecting microscope. The
morphology of the egg before and after
eclosion was described. The size of each egg
was accurately measured via the use of a
graticle mounted on the eye-piece of the
microscope and records kept.

After eclosion, each nymphal stage (n =

20) was fed on a cut piece of succulent chupon
(50mm long) in a plastic rearing cage. Each
nymph was taken in and.out of the cage on a
daily basis with the aid of a fine thin camel hair
brush and examined under a: stereo-binocular
dissecting microscope for presence of any
feature or features on its body besides taking
body. length, body width and the lengths of
antennae of each nymphal instar as well as the
adult. Caution was taken during the transfer of
insects in and out of the rearing cage in order to
prevent breakage of any of the appendages ..
Nymphal instars were clearly separated on the
basis of the .cast-off exuviae. Adults were. .
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Morphology and Morphometries
After mating, 20 gravid females were taken
from the mirid culture and introduced on
individual cocoa pods in the field, sleeved Assessment ofFeeundity and Sex Ratio
with muslin cloth and were observed daily for Actual Fecundity was assessed as the total
a period of2 weeks. Each day, the muslin cloth number of eggs laid by a mated, gravid female
was carefully rolled over from the pods and the on the cocoa pod tissue during its oviposition
pods observed with a hand lens 24 hours after period ..whereas Potential Fecundity was
introduction for the presence -of mirid eggs. assessed by dissecting each mated gravid
The total number of eggs laid by each female female (n = 10) under a stereo-binocular
was recorded as well as the duration of time dissecting microscope and counting the
from the point of lay to eclosion, All the 20 number of eggs in each ovary. Records of adult .
pods were observed this way. The number of male and.female mirids that emerged from 10.
eggs laid per female wftS:tecorded. Also, aped .~different-Hie cycles .of S .sin*gu!aris .~.
containing mirideggs (Ii = 10) was taken into ~taken. . ,. ..

13cmx8cmx6cm (LxBxH) dimension (see
Fig. 2) and placed inside the growth chamber.
The cut chupons were replaced every other
day until adult mirids emerged The adults
were placed separately in the plastic cages and
fed with fragmented pieces of chupons each of
5cm long for 6 days, which corresponds to the
period of sexual maturity of females.
Thereafter, the mirids were sexed and pairs
maintained in the plastic cages for another 24
hours.

The second phase of rearing was carried
out on cocoa trees under natural conditions.
The mated females from the first phase were
singly transferred with the aid of the camel's
hairbrush onto individual pods on cocoa trees
in the field and covered carefully with a mesh-
sleeve cage (Figure 3). Field observation for
F2emergence was carried out at 14 days after
introduction of the gravid female and

. thereafter daily till the last eclosion. The day-
old nyinphs were collected and fed on cut
chupons in plastic cages placed in the growth
chamber. The pod habouring the insects that
emerged was also plucked and transferred
back to the growth chamber. This procedure
was repeated to maintain acontinuous culture.

=>:

.sexed, based on their morphological features
on the ventral surface of the last abdominal
segment and their morphometries taken.
While the last abdominal segment for adult
males were slender and tapering posteriorly,
the females always have a broad and rounded .
last abdominal segment.
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average incubation period was 14.1 days being
31.3% ofthe total developmental time.

NIGERIAN JOURNAL OF ENTOMOLOGY VOL. 28, 2011

Table 1: Body morphometries (mm ± SE; n = 20) and duration of the developmental stages of
S. singularis on cocoa pods in the laboratory

DataAnalysis
All data obtained were subjected to analysis of
variance and means separated using the
Tukeys' Honestly Significant difference at 5%
probability.

RESULTS

Developmental Biology ofS. singularis
The duration of the developmental stages of S.
singularis as well as the body morphometries
of the life stages are presented in Table 1. The
life cycle from egg to adult lasted an average of
41.1 days. There were five nymphal instars
before the adult stage was attained.

Egg
Freshly laid egg had a barrel shape, smooth
and creamy surfaced. It measured 1.20 mm
and 0.50 mm in length and width, respectively.
During oviposition, female inserted eggs
singly into the cocoa pod tissue at an angle that
exposed the respiratory horns that were about
one-quarter the egg length (Fig. 4a).As long as
the pod remained attached to the tree, it
provided nourishment for the egg. The

Nymphal Instars
Freshly emerged day old 151instar nymph had a
creamy body with light brown head and
appendages. The abdominal segments just
below the metathorax were banded by three
red stripes. Twenty-four hours after eclosion,
1st instar nymph turned brown with an enlarged
abdomen. The 151instar nymph had a mean
body length of2.1 0mm and width of 1.15 mm,
and lasted an average period of 5.3 days. The
2nd instar nymph was 3.00 mm long and 1.2
mm wide. The average duration of the 2nd

instar was 4.8 days. The entire body had a
uniform brown colouration with an oval
shape. The 3fd instar nymph had a mean body
length of 4.1 0 mm, abdominal width of 2.82 I

mm and antennallength of 3.07 mm. The 3m

instar lasted 5.2 days before molting occurred.
The 41hinstarnymph had a~ean body length of
5.00 mm and width oD.04 mm, with antennal
length oB .82 mm. The mean duration of the 4th

Life Length" Width
Stage

Antennal
length

Mean Duration and Range
(in days)

Egg 1.20 ± O.Olh
1st instar 2.10 ± 0.03g
2nd instar 3.00 ± 0.03f
3rd instar 4.10 ± 0.02e
4th instar 5.00 ± 0.04d
5th instar 6.90 ± 0.05c
Adult Male 7.30 ± 0.03b
Adult Female 8.50 ± 0.05a

0.50 ± O.OOh
1.15 ± 0.02g
1.20 ± O.Olf
2.82 ± 0.03e
3.04± O.Old
4.0 ± 0.05c
4.15 ± 0.03b
4.60±0.05a

Life cycle (egg - adult)
Sex Ratio: Male: Female: 1:1.03

41.1

"Means within a column followed by the same letter are not significantly different (P>O.05),
Tukey's Studentized Range (HSD) Test

1.53 ± .05g
2.70 ± 0.04f
3.07 ± 0.02e
3.82 ± O.04d
4.72 ± 0.06c
5.20±0.03b
5.40± O.04a

14.1 (11 - 16)
5.3 (4 - 6)
4.8 (4 - 6)
5.2 (5 - 6)
5.6 (4-6)
6.1 (5-7)
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Figure 1:Mirid rearing chamber showing a digital
Panasonic temperature regulating unit
(A), a humidifier (B), and a traceable 4 in
1 enviro-meter (C).

Figure 3: Enclosed cocoa pod containing
gravid female which lays eggs
into the pod tissue

instar nymph was 5.6 days. The 5th instar
looked very much like the adult except that it
was smaller in size and wingless. It had an
average body length of 6.90 mm and body
width of 4.00 mm while the antennallength
was4.72mm(Fig.4).

Adult
Adult male differs significantly from adult
female in terms of body morphometries. The
mean body length, width and antenna length

mirid

------_ cocoa twig

Figure 2: Plastic mating cage (13x8x6cm) for mating of mirlds in the growth chamber



32 NIGERIAN JOURNAL OF ENTOMOLOGY VOL. 28, 2011

a= Egg b= 1st instar

c= 2nd instar d=.3rd instar

b=4th instar f=5th instar

g=Adult Figure 4: Life stages of S. singularis in the laboratory (Magnification x150)
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for male was 7.30 mm,4.15 mmand 5.20 mm,
respectively whereas the body length, width
and antenna for adult female was 8.80 mm,
4.60 mm and 5.40 mm, respectively. The adult
insect is brown, the males being slender and
shorter in length whereas the females have a
robust abdomen and usually bigger. The
antenna is club-shaped and three-segmented
throughout the life stages.

The potential fecundity of S. singularis
was 42.20 ± 4.96 with a range from 29 to 62
eggs whereas the highest mean actual
fecundity was 37.90 ± 3.09. Although, high
hatchability rate was obtained from egg
eclosion (96.53%), not all eggs within the
female mirids were laid during oviposition.
Eggs were retained (unlaid) by gravid females
as explained by the difference between
potential and actual fecundity. The sex ratio of
male to female was 1: 1.03.

DISCUSSION
Records of the duration of cocoa mirid life
cycles are sparse. However, Entwistle (1972)
reported the life cycles of six genera, three
from West Africa and one each from Central
America, Malaysia and Papua New Guinea.
These mirids were Distantiella theobroma
(Ghana), S. singularis (Ghana), Bryocoropsis
laticollis (Ghana), Helopeltis ceylonensis
(Ceylon), Pseudodoniella typicus (New
Britain), Monalonion annuli pes (Costa Rica)
and Monalonion shaefferi (Brazil). In this
study, the life cycle of S. singularis from egg to
adult was 41.1 days. This result is in
consonance with the report of Entwistle
(1972) who reported the life cycle range of 37
-41 days for S. singularis. The result from this
work is also in consonance with Mariau (1999)
who reported the life cycle of S. singularis to
be41 daysandarangeof28-57 days.

It was observed that the egg of S. singularis
was completely buried during oviposition into

the epidermal layer of the cocoa pod tissue
while the respiratory horns were exposed. This
observation agrees with Entwistle (1972) who
reported that in all genera of cocoa mirids, two
long horns arise from the collar of the
chorionic rim of the egg. The egg is usually
completely buried in the host plant tissues
while only these horns and the domed shaped
operculum are exposed. If the horns are singed
with hot needles, care being taken not to harm
the body of the egg, the latter fails to hatch
which indicates the horns have a vital function
in the development of the embryo (Entwistle,
1972).

Mating of S. singularis readily took place
in the laboratory. Pairs were readily attracted
to each other while actual mating lasted a
period of between 2 and 4 hours. This is
contrary to the report of Entwistle (1972) who
said the maximum mating time was 2 hours.
However, could the difference in mating
durations be attributed to environmental
conditions? The difference between potential
and actual fecundities could still not be
explained since there was always high rate of
hatchability of eggs (96.53%) in the
laboratory. A very high egg hatchability rate
achieved in this study could be due to optimal
weather conditions created within the growth
chamber. This breakthrough therefore
disproves earlier assertion oflow hatchability
of mirid eggs (Entwistle, 1972).

This is the first time that a continuous
culture for life cycle studies of the brown
cocoa mirid, S. singularis was achieved in
Nigeria. The novel rearing technique
developed will ensure availability of
homogenous populations of mirids for
intensive laboratory bioassays especially
when screening synthetic insecticides or crop
varieties for resistance. Prior to this time, there
had been sole dependence on field populations
of mirids and when the insects were not
available due to weather fluctuations; the
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services of CRIN to her clients were delayed
(Okelana2008, Pers. Comm.).
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