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ABSTRACT

The field populations of Rastrococcus invadens Williams and its parasitoid
Gyranusoidea tebygi Noyes, predators and hyperparasitoids were monitored on
Mangifera indica L., Plumeria alba L., Citrus sinensis L., Ficus umbellata (Vahl.)
and Psidium guajava L. in the Guinea Savanna zone of Nigeria between
November, 1996 and January, 1997. Population density of R. invadens was
significantly higher on M indica and P. alba (P < 0.05) than on other hosts.
Fluctuation in mealybug populations assumed a similar pattern on M indica, C.
sinensis and P. alba. There was a relationship between the individual weather
factor and R. invadens population, depending on the host plants. The three
weather factors significantly (r2 = 373.2%, 80.8; P<0.05) influenced R. invadens
population level on M indica and P. alba, respectively. While temperature
contributed positively to fluctuation in the mealybug population, relative. humidity
and winds contributed negatively to changes in its population level. G. tebygi
attacked R. invadens on the five host plants throughout the period of study.
Population trend of the parasitoid did not follow closely that of its host mealybug
on the plant species. The rate of parasitism was lowest on P. alba (4.6%) and
highest on P. guajava (32.1%). Generally, population trend of G. tebygi followed
closely that of its hyperparasitoids. Reduction in parasitism of R. invadens by
hyperparasitoids was significantly different on M indica and P. alba (P<0.05)
compared with other plant species. Reduction in parasitism was lowest on P.
guajava (20.7%) and highest on P. alba (82.1%) on which rate of parasitism of
the mealybug was lowest. Among the hyperparasitoids, Chartocerus hyalipennis
(Hayat), followed by Marietta leopardina :(Motsch) contributed mainly to
reduction in parasitism. While M indica was the most favoured host of R.
invadens, parasitism occurred most on P. guajava while hyperparasitism occurred
moston P. alba.
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INTRODUCTION

The exotic mango mealybug (Rastrococcus invadens Williams) which has
;een reported in West Africa, is native to South-east Asia (Mahmood et al., 1980;
',\'illiams, 1986; Agounke et al., 1988). The mealybug was observed in Togo and
0hana between 1981 - 82 (Agounke et al., 1988), Republic of Benin in 1986
'Neuenschwander, 1989) and Nigeria in 1988 (Akinlosotu et al., 1988). Since
.nen, the pest has spread beyond the southern part of Nigeria to the Northern
Juinea Savanna (Neuenschwander, 1989; Ivbijaro et al., 1992; Ukwela, 1998). R.
nvadens is polyphagous, feeding on several plant species including fruit trees,
: rnamentals, shade trees, flowers and certain wild species. These hosts are
::assified as preferred, occasional and fortuitous hosts (Neuenschwander, 1989;
.vbijaro et al., 1992; Boussienguet and Mouloungou, 1993). Among the preferred
~Jsts, mango, Mangifera indica L, followed by citrus Citrus sinensis L, were the
.nost frequently attacked in all countries of its spread (Agounke et al., 1988;
.vbijaro et al., 1992). Other preferred and occasional host plants serve as
a.remative hosts and reservoirs for re-infesting mango and citrus orchards.

As a result of R. invadens polyphagous nature, rapid multiplication and
.cread, an exotic parasitoid, Gyranusoidea tebygi Noyes, was mass-produced and
.eleased for its control in some West African countries including Nigeria (Agricola
.: al., 1989; Boavida et al., 1992). The presence and influence of the parasitoid
2....1d its hyperparasitoids have been reported in Togo and Benin (Agricola et al.,
~989; Boavida et al., 1995). High reduction of G. tebygi parasitism by its
r.digenous hyperparasitoids under laboratory condition has been reported in Togo
Agricola and Fischer, 1991).

While Tingle and Copland (1988) described host plant quality as the major
.actor that stimulates pest population growth Boethel and Eikenbary (1986) listed
eaf features as variables that could influence insect population. The influence of
some host plant species on the level of parasitism of R. invadens by G. tebygi was
~:50 reported (Chacko et al., 1986). Hence, this paper considered influence of host
: .ant species on the field population of R. invadens, its parasitoid and
-.yperparasitoids in the Northern Guinea Savanna zone of Nigeria.

MA TERIALS AND METHODS
Survey and choice of host plant species
.. A survey of Makurdi Local Government Area (LGA) was carried out
:..lunn~the fi.rst week of May, 1996 and plant species infested by R. invadens were
:""entIfied WIth the help ofa plant taxonomist in the Department of Forestry and
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Wild Life Management, University of Agriculture, Makurdi. M indica, C.
sinensis, Psidium guajava (Linn.) Ficus umbel/ala (Vahl.) and Plumeria alba
(Linn.) were selected among the naturally infested plant species at the North Bank
and University of Agriculture premises. The choice of host plant species was
based on the scale of preference of R. invadens as reported by earlier investigators
(Neuenschwander, 1989; Ivbijaro et aI., 1992) and the plant species that were
infested in the ecology.

Sampling Method
Two stands of each plant species enumerated above were selected

randomly at each location and marked for the purpose of recognition during
sampling. For each species, ten plants were earmarked for R invadens population
counts per location. Every week and on each tree ten leaves were picked
randomly from different sides of the arm-reached shoot canopy. Each leaf sample
was carried in a 35 x 30 cm envelope to the laboratory. Field sampling was
carried out over 13 weeks between 2nd November, 1996 and 25th January, 1997.

Monitoring of R. invadens, parasitoids and other natural enemy populations
Different stages of R. invadens (first, second and third larvae, pupae and

adults) and their mummies (parasitised, dead and hardened R. invadens) collected
from the leaves were identified and counted separately under the stereobinoeular
dissecting microscope with x 5 objective lens. The mummified mealybug were
collected from leaf samples with the aid of a camel hair brush and transferred into
petri-dishes. Each mummy was then preserved in a labelled serum vial that was
punctured to allow ventilation. Each mummy was observed on a daily basis till
every parasitoid that emerged from it was allowed to die. The dead parasitoids
were recorded and then transferred into different vials. Each mummy with no
emergence of parasitoid was observed for three weeks and then preserved under 2-
3 days in 70% ethanol. It was then dissected to detect the presence of any dead
larva or pupa of parasitoids. During field sampling of leaves, both sides of shoot
from where leaves were sampled were examined for about five minutes to detect
the presence of any predator. The larvae and adults of predators associated with R.
invadens were picked with the aid of an aspirator andsometimes by removing the
predator with the leaf and dropping both into insect specimen bottle. The insects
collected were investigated in the laboratory. The larvae and pupae of predators of
different types were grouped into half so that one group was reared to adult stage
while the other group was preserved in 70% ethanol.
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~:me of the specimens of hyperparasitoids and predators were identified at the
.,-.sectMuseum of the lITA plant Health Management Division, Cotonou.

\o(fteorological Data

Weekly rainfall, relative humidity, temperature and wind.speed readings of
a:~October, 1996 to early February, 1997 were obtained from the Meteorological
~.·ice Department, Nigerian Airforce Base, Makurdi at 10.4m above sea level.

DatA Analysis

For each plant species, the area (cm2) of each of the ten sample leaves was
:c!ermined and the mean was calculated. The population of the various life stases
-:i R. invadens and that of mummies from which parasitoids emerged were
~-mined for each week and for the whole period. The number of R. invadens
:e- square centimetre of leaf was calculated for every candidate host plant species
-::r comparison between the host plants. Field collected parasitoids were sorted
=t.: male and female and the sex ratio was determined. Sex ratios of the male and
~ale parasitoid obtained on different host plants were compared by chi-square
.~ at 5% level of significance. .

Rate of parasitism (or parasitism index) by parasitoids was determined
:-::-:: the total number of mummies and surviving mealybug population density.
- :'..a.lnumber of mummies per leaf was calculated by adding mummies from
•. -. =h parasitoids emerged to mummies in which developing stages of parasitoids
•• -:--e obtained by dissection. The surviving R. invadens population was defined as
..--; number of mealybugs which remained alive out of the number in parasitizable
~~es exposed to G. tebygi attack. The surviving population at the time of leaf
:.L-:-~Iingwas assumed to include third instar nymphs, live adult females, pupal
:- a.es (inhabited cocoons) and live adult males (Van Driesche, 1983; Boavida et

:995).

Rate of parasitism (or parasitism index) per leafwas calculated as:-

Total number of mummies X 100
-·1:11 number of mummies and surviving mealybug population
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while percent hyperparasitism was calculated as:-

___ ~_N._l_m_l_be_r_o..::.if_m_u_m_n_1l_·e_.5.::..fi_ro_n_'_w_h_i_ch--'h}:....:p:....e_r-=-p_a_ra_s_'_·to_'_·ds_em_e.....;rg::...e_d~·..__ X:
Total number ofmummies from which parasitoids and hyperparasitoidsemerge.

Also percent reduction in parasitism was calculated as:-

____ N_1I_m_b_e_r--'qf'--h.:c.~.:....'P_el-=-p_a_,.a_._'}i_10_i_d_'}X 100
Total number of parasitiods and hyperparasitoids

The data on the mean population of R. invadens per cm2
, mean number I

parasitoids per leaf and mean percent reduction of parasitism for the host plan
were transformed into log, and each subjected to analysis of variance, and meal
separated by New Duncan's Multiple Range Test (NDMRT) at 5% level (
significance. While regression analysis was used to determine the relationshi]
between R. invadens population and its natural enemies, correlation analysis ws
used to determine the relationship between the mealybug population and th
weather factors.

RESULTS
Influence of host plants and weather on R. invadens

Significantly different population densities of R. invadens were recorded on th.
five test host plants. (Table 1). Number of R. invadens per cm2 leaf area of M
indica and P. alba was significantly higher (P < 0.05) compared with thosi
obtained on other hosts. R. invadens population followed a similar trend on M
indica, C. sinensis and P. alba, and progressively increased from the third week 0
sampling (Fig. 1). The mean population density of R. invadens was lowest on P.
guajava, followed by that recorded on F. umbellata. Population peaks of the pes!
were observed in the 12th week (in January) on M indica, P. alba and C. sinensis
in decreasing order of magnitude (Table 1). There were both negative and positive
relationships between the mealybug population and weather conditions in this
study (Fig. 1). BrJih the relative humidity, temperature and winds significantly
influenced R,jf]v!.!denspopuiat-iens onM.-illc/;caand P. alba, respectwely-fr ' ==

85.5°/(;, 89. -; 00)). Each weather factor also contributed significantly tc
variation in mealybug population level (P<0.05), depending on the host plant
While relative humidity and winds contributed negatively to fluctuations in R.
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"'T1ble 1: Mean Population density of R. invadens and its parasitoid, G. tebygi,
obtained for the period of 13weeks on five different host plants.

- :-s.:plant species Number of mealybug and its parasitoid
R. invadens per cm:: leaf area G. tebvgt per leaf.
ANOVA means Peak population ANOV A means Peak population

ndica
-inensis
:::wjova
.mbeliata
.;'""0

0.31a 0.68 0.22a 1.55
O.l2e 0.28 O.15b 0.67
O.03d 0.07 0.08e 0.32
0.08e 0.15 0.28a 0.88
0.16b 0.35 0.08e 0.27

: -,;:followed by the same letter are not significantly different at 5% level (NDMRT) .

.<iens population on the host plants, with the exception of F umbellata, that
--,outed by temperature was positive on all the host plants. Relative humidity
-.-:buted most followed by winds and temperature.
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The parasitoid and its host mealybug
An exotic parasitic wasp, G. tebygi, was the only parasitoid that attacked

R. invadens throughout the study. The population of the parasitoid was quite low
on each host plant compared with that of its host mealybug (Fig. 2). There were
more females than males on all host plants (Table 2). The sex ratio was similar on
M indica (3: 1), C. sinensis (3: 1) and P. alba (2.9: 1). Chi-square analysis showed
that the host plant species had a significant influence on the sex ratio of G. tebygi
(X2 = 11.11; df = 4, P < 0.05). Rate of parasitism was lowest on P. alba (4.6%)
and highest on P. guajava (32.1%) (Table 2). The population of G. tebygi was
significantly higher (P <0.05) on M indica and F. umbellata compared with other
hosts (Table 1). The overall percent contribution to parasitism was lowest on P
alba (17.9) and highest on P. guajava (79.3%).

--.- Mango Ilh.!alybug

I 2 :; ~ S o 7 II 9 10 II 12 13

1\:OOd(\\lCd,;s)

P_ .fi:uujlU'{J

,·.'Ju.· ••'"

Yulhi} /: Itlllhdiu/.,

z:

I 2 J " 5 6_ 7 8 9 /0 II I~ J"
JII'f~. ~, ~"
~enod (wecll)" ,'1"

Fia.2: Fluctuation in populatien of R. invadens, its primary and Secondar:
parasitoids on the Five host plant species (M. indica, C sinensis, P. guajava, F
umbellata and P. aUba) in Southern Guinea Savanna.
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Table 2: Overall sex ratio, parasitism index of G. tebygi and percent hyperparasitism by
nyperparasitoids on five different host IIIants.

Host Plants Sex Ratio of G. tebygi Primary and secondary
Qarasitism

Total Female Male Sex Parasitism Percent
Ratio index (%) hyperparasitism

.'.f indica 51 38 13 3:1 14.5 51.1
C. sinensis 40 30 10 3: 1 28.1 40.7
P. guajava 17 12 5 2.4:1 32.1 30.1
F. umbel/ala 66 45 21 2.2:1 3l.4 47.9
? alba 19 14 5 2.9:1 4.6 80.6

There were both negative and positive relationships between the mealybug
copulations and that of its parasitoid on the host plants. A non-significant
.crrelation (r = -0.323, -0.131, -0.17; P > 0.05) was recorded between R. invadens
ropulations and that of its parasitoid on P. guajava, F umbel/ala and P. alba,
-espectively. Also, a non-significant correlation (r = 0.347, 0.208; P>0.05) was
: 'served between the mealybug population and that of its parasitoid onM indica
and C. sinensis, respectively. G. tebygi population peak on M indica, P. alba, and
_- sinensis was observed in the early part of January. Although the population of
J. tebygi observed onM indica and F umbel/ala were not significantly (P>0.05)
cifferent, its peak population was highest on M. indica, followed by F umbel/ala
Table 1).

Influence of hyperparasitoids
Five hyperparasitoids: -Marietta leopardina (Motsch), Chartocerus

hyalipennis (Hayat), Tetrastiehus sp, Cheikmeurus sp and Prochiloneurus
zegypttacus (Mercet) were identified with the parasitoid. However, P.
oegyptiacus was grouped along with other unidentified hyperparasitoid due to its
rare field occurrence. There were positive relationships between the parasitoid
and hyperparasitoids populations among the host plants. Hyperparasitism of the
::arasitoid was generally high on each host plant (Table 2). A significantly
;:-ositive correlation ( r = 0.650, 0.618; P < 0.05) was observed between the
::arasitoidand hyperparasitoid populations on P. guajava and F. umbellata,
respectively. Hence, fluctuation in parasitoid level followed closely that of its
::'yperparasitoids on the two host plants. Significant differences (P<0.05) were
ooserved in the reduction of parasitism caused by each hyperparasitoid among the
:oost plants (Table 3). Reductions in parasitism caused by M /eopardina, C.
irya/ipennis, Tetrasticbus sp. and Cheiloneurus sp. were most significant on P.
:60a,M indica, F. umbellataand F. umbellata; respectively. That caused by C.



77 M.U. UKWELA and I.M. LIMAN

hyalipennis was .most significant, followed by M leopardina. Overall percent
reduction was lowest on P. guajava (20.7) and highest on P. alba (82.1).

Two predators of R. invadens, adult Lobotrachelus bidentipes and larvae of
Ceratochrysa sp. were identified. The former was found on all the host plants,
especially in January period. The predators, compared with parasitoid and
hyperparasitoids, were insignificant in their role as natural enemies of R. invadens
mostly because of their rare field occurrence.

DISCUSSION
The present field study on the relationship of R. invadens with their bio-

control agents on the five host plants was conducted during the early part of the
dry season when the pest population was expected to build up fast. R invadens
population was most significant onM indica followed by that on P alba and

Table 3: Comparison of percent reduction in parasitism of R. invadens by individual
hyperparasitoids on five test host plants.

Host Plant Mean percentage reduction in parasitism by individual hyperparasitoids
Species

1\f. leopardina C. hyalipennis Tetrastichus Cheiloneurus Others Total . % mea
sf!. s: reduction reducti

1\J indica 5.7cd 38.1a 3.1c 5.0bc 3.8b 55.7 11.14
C sinensis 0.9d 23.4c 4.7b 3.7c 8.3a 41.0 8.20
P. guajava 12.3b O.Oe Od 6.2b 2.3c 20.7 4.14
F umbel/ala 6.5c 7.9d 7.3a 18.7a 1.8c 42.2 8.44
P. alba 42.0a 31.8b O.7d 3.8c 3.8b 82.1 16.42
Total 67A 101.12 15.8 37.4 19.9 241.7

Means followed by the same letter are not significantly different at 5% level (NDMRT).
progressively increased with an increase in temperature and time of sampling.
Generally the temperature condition in the Guinea Savanna environment tend to
increase more reasonably as dry season advances, and it usually occurs with when
mealybug population builds up during the rainy season (Agricola et aI., 1989;
Ukwela, 1998). Positive influence of the temperature on the population level of R
invadens observed in this study could be on indication that temperature could to
some extent, favour its development or reproductive behaviour. Contribution to
variation in R. invadens population level by both temperature, relative humidity
and winds was significantly positive on M. indica and P. alba. Since the
contribution of the three factors was not significant on other host plants, and those
contributed by winds or relative humidity were negatively not significant on such
plants, it can be argued that host plants do exert some influence on R. invadens
population. The negative influence of winds on the mealybug population level as



influence of Host Plants on Mango Mealybug and Its Natural Enemies 78

observed trorn the regression analysis is contrary to earlier report by some authors
Akinlosotu ef al., 1988), which described winds as important agent of spread to
.nango mealybug, especially during the dry season. Ukwela (1998) also reported
.nat R. invadens population level increased with increase in wind speed, especially
:1 the absence of rains. The reason for the negative influence of winds on the R.
nvadens population level in this study is not known. Although many authors
··.amed the five sampled host plants among the preferred hosts of R. invadens
Agounke et al., 1988; Neuenschwander, 1989; Ivbijaro et al, 1992; Ukwela,
~998), its population density in terms of number per em' leaf area for different
-_ost plants was not determined as presented in this study. This method is a good
~asis for comparison of the mealybug population level among the host plant
.oecies, and has further proved mango is the most favourable host of this pest.

The five host plant species belong to different plant families with
::fferences in leaf features and nutrient levels. Although direct effect of leaf
.eatures on the mealybug and its bio-control agents was not studied, differences in
eaf features could have contributed to their varying population on the host plant
species. For instance, rough leaf surface and non-succulent leaf feature of most
species of guava may limit growth or development of R. invadens. By contrast,
.ae leaves of P. alba have the largest surface area compared with those of others
znd contain latex (or white juice). It is possible that a combination of characters
such as succulent texture, juice quality, relative smooth and large surface area of
eaves contributed to higher population of R. invadens and perhaps that of
.econdary parasitoids compared with those recorded on C. sinensis, F. umbellata
znd P. guajava. Leaf shape, leaf surface, cuticle thickness, architecture, colour,
_Jice or chemical constituents were listed as variables that could influence increase
:1 insect population (Boethel and Eikenbary, 1986; Tingle and Copland, 1988).
-.;so, Tingle and Copland (1988), on the basis of leaf area, recorded differential
7-:eis of infestation of Planococcus citri on different host plants, being more on
~ristolochia and Passiflora plants and lower on vesnerriaceae plants. M indica
-af has a relatively smooth surface and was reported to contain higher protein
,,- .e-! compared to those of other host plants considered in this study (Ukwela,
_~<~:::q.This could explain why M indica is the most favoured host plant of this
··:ealybug in most countries of its spread.

A female-biased sex ratio of 3: 1 was recorded for G. tebygi on M indica,
sinensis and P. alba. Although this sex ratio was determined from field

:Jpulations, it is quite similar to that determined for the parasifoid on Citrus sp. in
::. glass house experiment conducted by Will ink and Moore (1988).
:":euenschwa,nder et al. (1987) reported that a female - biased sex ratio for a
r arasitoid is quite advantageous for a successful biological control programme.
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Such a higher female population may contribute more to parasitism b
reproduction and a greater production of offspring among the parasitoids.

The rate of parasitism of R. invadens by G. tebygi was generally low
Contribution to parasitism by the parasitoid was highest on P. guajava with tlu
least mealybug population, and lowest on P. alba with relatively high R. invaden.
population. This may suggest that the parasitoid is most effective on P. guajavc
and least effective on P. alba. The relatively high contribution to parasitisn
(32.1 %) reported for G. tebygi on guava in this study needs to be confirmed unde:
laboratory conditions. Chacko et al. (1986) and Narasimham and Chacko (1988:
showed that different host plants could influence level of parasitism of R. invaden:
by G. tebygi.

In this study, the rate of parasitism of R. invadens was inversely related tc
that of hyperparasitism. This observation indicates that hyperparasitoids do exert a
high negative influence on the parasitism of R. invadens by G. lebygi. A similar
high hyperparasitism (88%) of this same parasitoid by a similar group of
secondary parasitoids was reported from a laboratory study (Agricola and Fischer,
1991). Average hyperparasitism of 51.1% and 80.6% recorded on M indica and
P. alba, respectively, in this study could reasonably limit the success of the
parasitoid in the Guinea Savanna ecology. Field observation showed that C.
hyalipennis, followed byM. leopardina, contributed most to hyperparasitism of G.
tebygi; these being highest on M indica and P. alba, respectively. A high
hyperparasitism of G. tebygi by the two species of secondary parasitoids has been
reported in Togo and Republic of Benin (Agricola and Fischer, 1991; Moore and
Cross, 1992).

The two indigenous predators, Lobotrachelus bidentipes and Ceratochrysa
sp; identified inthis study were not so commonly reported on R. invadens from
elsewhere in West Africa. While Ceratochysa sp. was reported on R. invadens in
the Guinea Savanna (Ukwela, 1998), L. bidentipes has not been recorded along
with other predators on the already existing mealybug species in Africa
(Neuenschwander et al., 1987; Agounke et aI., 1988; Ivbijaro et aI., 1992). Their
scanty field occurrence could be attributed to earlier observation that the
indigenous predators have become adapted to already existing mealybug species
(Agounke et aI., 1988). Such lack of host specificity reported among the predators
may account for the rare occurrence of the two predators on R. invadens, and the
absence of others, Chi/ocorus distigma and Exochomus promptus Weise, earlier
recorded on the mealybug in the same Guinea Savanna ecology.
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In conclusion, host plants In thrs study have shown some degrees of direct
::.~dindirect influence on population of the mealybug and its associated parasites.='~the basis of high hyperparasitism observed, further search for natural enemies
.: R. invadens needs to be undertaken so as to supplement activities of G. tebygi
.::~ the control of R. invadens in the Guinea Savanna. Also, further monitoring of
.....e field activities of both R. invadens and its bio-control agents during the rainy
season is recommended.
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: -:served trorn the regression analysis is contrary to earlier report by some authors
.~kinlosotu et al., 1988), which described winds as important agent of spread to
=.ango mealybug, especially during the dry season. Ukwela (1998) also reported
· -.::':R. invadens population level increased with increase in wind speed, especially
- the absence of rains. The reason for the negative influence of winds on the R.
'aden.') population level in this study is not known. Although many authors

- zmed the five sampled host plants among the preferred hosts of R. invadens
:.gounke et al., 1988; Neuenschwander, 1989; Ivbijaro et ai, 1992; Ukwela,
~98), its population density in terms of number per crrr' leaf area for different

· :st plants was not determined as presented in this study. This method is a good
: zsis for comparison of the mealybug population level among the host plant
:ecies, and has further proved mango is the most favourable host of this pest.

The five host plant species belong to different plant families with
:.rTerences in leaf features and nutrient levels. Although direct effect of leaf
,'::atures on the mealybug and its bio-control agents was not studied, differences in
-af features could have contributed to their varying population on the host plant
·:,ecies. For instance, rough leaf surface and non-succulent leaf feature of most
':'ecies of guava may limit growth or development of R. invadens. By contrast,
·.ie leaves of P. alba have the largest surface area compared with those of others
':':1d contain latex (or white juice). It is possible that a combination of characters
'Jch as succulent texture, juice quality, relative smooth and large surface area of
eaves contributed to higher population of R. invadens and perhaps that of
.econdary parasitoids compared with those recorded on C. sinensis, F umbellata
znd P. guajava. Leaf shape, leaf surface, cuticle thickness, architecture, colour,
,lice or chemical constituents were listed as variables that could influence increase
- insect population (Boethel and Eikenbary, 1986; Tingle and Copland, 1988)
<so, Tingle and Copland (1988), on the basis of leaf area, recorded differential
~\"~ls of infestation of Planococcus citri on different host plants, being more on
-:ristolochia and Passiflora plants and lower on vesnerriaceae plants. M. indica
eaf has a relatively smooth surface and was reported to contain higher protein
-vel compared to those of other host plants considered in this study (Ukwela,
:'in). This could explain why M indica is the most favoured host plant of this
.nealybug in most countries of its spread.

A female-biased sex ratio of 3: 1 was recorded for G. tebygi on M indica,
., sinensis and P. alba. Although this sex ratio was determined from field
~opulations, it is quite similar to that determined for the parasifoid on Citrus sp. in
a glass house experiment conducted by Willink and Moore (1988).
Neuenschwander et al. (1987) reported that a female - biased sex ratio for a
parasitoid is quite advantageous for a successful biological control programme.
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Such a higher female population may contribute more to parasitism
reproduction and a greater production of offspring among the parasitoids.

The rate of parasitism of R. invadens by G. tebygi was generally 11
Contribution to parasitism by the parasitoid was highest on P. guajava with
least mealybug population, and lowest on P. alba with relatively high R. invad
population. This may suggest that the parasitoid is most effective on P. guajc
and least effective on P. alba. The relatively high contribution to parasiti
(32.1%) reported for G. tebygi on guava in this study needs to be confirmed un:
laboratory conditions. Chacko et al. (1986) and Narasimham and Chacko (191
showed that different host plants could influence level of parasitism of R. invade
by G. tebygi.

In this study, the rate of parasitism of R. invadens was inversely related
that of hyperparasitism. This observation indicates that hyperparasitoids do exen
high negative influence on the parasitism of R. invadens by G. tebygi. A simil
high hyperparasitism (88%) of this same parasitoid by a similar group
secondary parasitoids was reported from a laboratory study (Agricola and Fische
1991). Average hyperparasitismof 51.1% and 80.6% recorded on M indica ar
P. alba, respectively, in this study could reasonably limit the success of tl
parasitoid in the Guinea Savanna ecology. Field observation showed that (
hyalipennis, followed byM. leopardina, contributed most to hyperparasitism of (
tebygi; these being highest on M indica and P. alba, respectively. A hig
hyperparasitism of G. tebygi by the two species of secondary parasitoids has bee
reported in Togo and Republic of Benin (Agricola and Fischer, 1991; Moore an
Cross, 1992).

The two indigenous predators, Lobotrachelus bidentipes and Ceratochrysc
sp; identified in' this study were not so commonly reported on R. invadens fron
elsewhere in West Africa. While Ceratochysa sp. was reported on R. invadens ir
the Guinea Savanna (Ukwela, 1998), L. bidentipes has not been recorded along
with other predators on the already existing mealybug species in Africs
(Neuenschwander et al., 1987; Agounke et al., 1988; Ivbijaro et al., 1992). Theil
scanty field occurrence could be attributed to earlier observation that the
indigenous predators have become adapted to already existing mealybug species
(Agounke et al., 1988). Such lack of host specificity reported among the predators
may account for the rare occurrence of the two predators on R. invadens, and the
absence of others, Chi/ocorus distigma and Exochomus promptus Weise, earlier
recorded on the mealybug in the same Guinea Savanna ecology.
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In conclusion, host plants 10 this study have shown some degrees of direct
and indirect influence on population of the mealybug and its associated parasites.
On the basis of high hyperparasitism observed, further search for natural enemies
of R. invadens needs to be undertaken so as to supplement activities of G. tebygi
for the control of R. invadens in the Guinea Savanna. Also, further monitoring of
the field activities of both R. invadens and its bio-control agents during the rainy
season is recommended.
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