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Abstract

KEKEUNOU, S., C. PROMBO and J. L. TAMESSE, 2015. Prevalence and abundance of Charletonia sp. (Acari:
Erythraeidae) in Zonocerus variegatus (Linnaeus, 1958) (Orthoptera: Pyrgomorphidae) population in the humid
forest zone of Southern Cameroon. Bulg. J. Agric. Sci., 21: 372-377

Zonocerus variegatus (Linnaeus, 1758) (Orthoptera: Pyrgomorphidae) is an agricultural pest in Africa. Insecticide used
against this grasshopper is harmful to the environment, and the search for an acceptable control method is a necessity. Weekly
captures, observation and counts carried out from January to December 2011, enabled us to study the parasitism of Z. varie-
gatus by Charletonia sp. Prevalence of Charletonia sp. in Z. variegatus populations was 30.74 + 0.02%. While post embry-
onic stages and seasons affected Charletonia sp. prevalence, population and sex types showed no effect. The abundance of
Charletonia sp. was 1.63 + 0.19 per individual of Z. variegatus. Charletonia sp. was present in all the tagma of Z. variegatus.
The parasite was more abundant on the thorax than the head and the abdomen. Charletonia sp. was present in the natural area
throughout the year and we observed a low correlation between Z. variegatus and Charletonia sp. and between rainfall and
Charletonia sp. abundance. To better understand the relationship between Z. variegatus and Charletonia sp., we will combine
in future investigations, field samples with laboratory observations on the development of hosts and parasites.
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ber to March or April (5.5-6 months). The adults of the two

annual populations of Z. variegatus do not overlap, but each
population of adults always coexist with the young nymphal

Introduction

The variegated grasshopper - Zonocerus variegatus (Lin-

naeus, 1758) (Orthoptera: Pyrgomorphidae) is a polyphagous
crop pest found in the forest and savanna zones of Central
and West Africa (Chiffaud and Mestre, 1990). Z. variegatus
generally has six nymphal instars under natural conditions
(Chapman et al., 1986). In Yaounde, where the present study
was conducted, Z. variegatus is present throughout the year
in two univoltine populations, which has unequal abundance
and durations (Messi et al., 2006). The large population ap-
pears from early January to November or December (10.5—
11 months). The small population extended from mid-Octo-
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instars of the subsequent population (Messi et al., 2006).

Z. variegatus attacks in its geographical range, varieties
of crop plants species such as cassava, maize and soybeans
(Kekeunou et al., 2007). In Southern Nigeria, over 50% of
cassava crop is estimated to be lost in years of abundance
of Z. variegatus (Modder, 1994). In the humid forest zone
of Southern Cameroon, Z. variegatus is ranked as the third
most economically important insect pest of agriculture. The
damage caused by Z. variegatus is higher in fields adjacent
to Chromolaena odorata and herbaceous fallows, than in
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those adjacent to forests and shrubby fallows (Kekeunou et
al., 2006a).

Up to date, insecticides remain the crop protection strat-
egy in the tropical forest zones. Their use in large areas has
been one of the most important factors which helped in the
increase of crop yield (Bani, 1990). However, due to their
harmful effects on the environment, their use is not recom-
mended, and the development of new pest control has be-
come the priority (Kekeunou et al., 2006b). Through the
physical fight, grasshoppers are collected mostly for human
consumption (Kekeunou et al., 2006a). But this method is
not efficient because it needs a lot of efforts. Egg-exposure,
to control Z. variegatus has been recommended but the meth-
od has not been accepted by farmers in Nigeria (Modder,
1994). GREEN MUSCLE™ (use of Metarhizium flavoviride
spores) has been proposed as a biological method, yet the
cost of the product is very high for African farmers. Fungal
spore production, handling and spray application technology
may pose problems to small and medium scale farmers in
developing countries (Add-Mensah, 2002).

Mites provide an excellent example of the potential op-
portunity for pest managers to exploit macro-parasites in
grasshopper control (Welbourn, 1983). But not withstand-
ing, the success of this method lies on the understanding of
the ecology of these parasites (Belovsky, 1998). The typical
development of Parasitengona includes 6 instars. The immo-
bile, non-feeding (calyptostatic) pre larva is succeeded by
the larva which is usually mobile and displays a parasitic
life-style. The protonymph is calyptostatic, the deutonymph
develops within the protonymphal cuticle and displays a
predatory life-style after emergence. The mobile and preda-
tory adult emerges from the calyptostatic tritonymph (Wohlt-
mann, 2000).

Several species of mites (red mite) are reported as ec-
toparsites for a variety of grasshopper, which are pests of
many cash crops in the world. Erythraeidae species are re-
ported as ectoparasite at their larval stages for a variety of
grasshoppers. Erythraeidae are of considerable importance
in biological control and pest suppression (Kamran, 2009).
The potential of erythraeids as biological control agents was
suggested by Southcott and Kawashuma (Welbourn, 1983).

The genus Charletonia Oudemans, is widespread in
all parts of the world (Haitlinger, 2004). Several species
of this genus are known as parasites of Pyrgomorphidae
grasshopper: Charletonia adellae (Haitlinger, 2007) lives
on Zonocerus elegans (Linnaeus, 1758) in Madagascar
(Haitlinger, 2007). C. brunni (Oudemans, 1910) lives on
undetermined Pyrgomorphidae in Benin, Ethiopia, Ghana,
Nigeria and Tanzania (Haitlinger, 2006). C. keyi (Southcott,
1983) lives on Greyacris profundesulcata (Carl, 1916) (Pyr-

gomorphidae) in Australia (Key, 1991). Despite de work of
Paraiso et al. (1991) carried out in Benin, where the euth-
rombidium mite have been identified on Z. variegatus, the
relationship between Z. variegatus and mite is poorly known
in its geographical area.

The aim of the present study is to determine (1) the prev-
alence and abundance of Charletonia sp. as an ectoparasite
of Z. variegatus, and (2) to highlight the factors which affect
the phenology of Charletonia sp. in the natural area.

Materials and Methods

Study site

The study was carried out in the Yaounde urban area
(Cameroon) from January to December 2011. The vegetation
of Yaounde is a mixed humid forest which is more degraded
by human activities. In the Yaounde area, rainfall distribu-
tion is bimodal, with two unequal dry seasons and two un-
equal rainy seasons. The short rainy season (March—June) is
followed by the short dry season (July-August), and then the
long rainy season (September-November) is followed by the
long dry season (November-March) (Brunneau, 1999).

Sampling procedure

Samples of Z. variegatus were collected by sweep net-
ting for a period of 60 min in crop fields and natural veg-
etation. We carried out regular collections and observations
once every 7 days from January to December 2011 in the
urbanized zone of Yaounde. During the capture, the larval
stage and sex of each captured individual were noted and the
number of Charletonia sp. was counted on antenna, cephalic
capsule, prothorax, mesothorax, metathorax, wing, leg and
abdomen of each collected individual. After each count, the
individual was kept in an acrated bag. At the end of the 60
min, they were released at the site where they were collected.

Identification of Mites

The Mite genus was identified by Ryszard Haitlinger, Ac-
arologist at Institute of Biology, Department of Invertebrate
Systematics and Ecology, Wroclaw University of Environ-
mental and Life Scienves, Kozuchowska, Wroclaw, Poland.

Data analysis

The prevalence and abundance of Charletonia sp. in
Zonocerus variegatus population were calculated according
to the definition of Bush et al. (1997). The SAS 9.1. proc
freq helped us to calculate the prevalence of Charletonia sp.,
while the abundance of the parasite was assessed with the
help of proc means (SAS 9.1). The Pearson Chi-square test
was used to compare the prevalence between sexes, larval
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stages and seasons. Because of the count data and the lack of
normal distribution, we used Kruskal-Wallis (for k-samples)
and Wilcoxon two sample tests (in SAS 9.1. procedures) to
compare the abundance of Charletonia sp. between popula-
tions types, sexes, developmental stages of Z. variegatus and
seasons. Spearman correlation allowed us to study the linear
relationship between Zonocerus abundance, Charletonia sp.
abundance as well as rainfall. The differences were deemed
to be significant when p < 0.05.

Results

Prevalence of Charletonia sp. on Zonocerus variegatus

Prevalence of Charletonia sp. in Zonocerus variegatus pop-
ulations was 30.74 + 0.02%. This prevalence increased signifi-
cantly from stage 1 larva (2.53 + 0.02%) to adult stage (79.51
+ 0.05%) (Table 1). Prevalence in adult populations was close
to that of stage 6 larvae (69.05 + 0.08%); it was almost two
times higher than that of stage 5 larvae (43.22 + 0.06%); three
times higher than that of stage 3 (21.37 £ 0.04%) and 4 (24.9
+ 0.05%) larvae; four times higher than that of stage 2 larvae
(12.06 £ 0.04%) and 25 times higher than that of stage 1 lar-
vae (2.53 £ 0.02%) (Table 1). The prevalence was significantly
greater during the long rainy season (49 = 0.05%) and the short
dry season (71.33 £ 0.05%); it was 23 times less during the
long dry season (18 £ 0.029%) and during short rainy season
(16.5 £ 0.028%) (Figure 1). The population and sex types did
not affect the Charletonia sp. prevalence (p > 0.05).

Abundance and distribution of Charletonia sp. on
Zonocerus variegatus

The abundance of Charletonia sp. varied from 0-47 (av-
erage 1.63 £ 0.19) per individual of Z. variegatus. Charleto-
nia sp. abundance was higher in large population of Z. var-
iegatus (1.9 + 0.23) than in the small ones (0.6 + 0.18) (Z =
—1.99; p = 0.046). In each population of Z. variegatus, Char-
letonia sp. abundance increases from stage 1 larvae (0.025 £
0.015) to adult stage (6.56 + 0.99). Adults and stage 6 larvae

Table 1
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Fig. 1. Seasonal variations of the prevalence
of Charletonia sp.on Zonocerus variegatus population
from January to December 2011

were more infected than stage 5 larvae which were more in-
fected than stage 4, 3, 2 and 1 larva (Table 2). Z. variegatus
male and female were infected at the same level.

In each population, Charletonia sp. was present in all the
tagma of Z. variegatus and parasite was more abundant on
the thorax than the head and abdomen (Table 3). The lowest
abundance was noticed in the abdomen. On the thorax of
the large population individuals, wings were more infested

Prevalence(%) of Charletonia sp. on the post-embryonic developmental stages of the smaller and larger populations of

Zonocerus variegatus, from January to December 2011

Population Stage 1 Stage 2 Stage 3 Stage 4 Stage 5 Stage 6 Adult p-value X?-value Total
Type larvae larvae larvae larvae larvae larvae

Large 1.8140.02  6.54+0.04 16.25+0.04 18.63+£0.05 39.60+0.07 69.89+0.07 79.28+0.05 <0.0001 172.17  30.85+0.02
Short 4.20+0.04 23.76+£0.09 37.50+0.10 49.06+0.14 64.71£0.17  62.5£0.20 100+0 <0.0001 118.93 30.33+0.04
X2-value 0.32 8.68 7.63 12.79 0.31 2.17 0.004
p-value 0.57 0.003 0.006 0.0003 0.58 0.14 0.95
Total 2.53+£0.02  12.06+£0.04 21.37+0.04 24.90+0.05 43.22+0.06 69.05£0.08  79.56+0.05 30.74+0.02

The values are percentage + confidence limit. P-value is the significance level of Chi-square-Test
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Table 2

Abundance of Charletonia sp. on the post-embryonic developmental stages of the smaller and larger populations of

Zonocerus variegatus, from January to December 2011

Population Stage 1 Stage 2 Stage 3 Stage 4 Stage 5 Stage 6 Adult H-value p-value Means
Type larvae larvae larvae larvae larvae larvae

Large 0.0240.02  0.07£0.04  0.3+0.11  0.28+0.10  1.83+0.47 5.62£0.99  6.47+0.99 677.31 <0.0001 1.9+0.23
Short 0.04£0.04  0.42+0.19  0.72+0.34  0.70£024  1.24+041 1.17£0.57 12.67+£39.48 96.34 <0.0001 0.60+0.18
Z-value 1.39 447 4.07 4.56 -3.10 0.91 -1.99
p-value 0.16 <0.0001 <0.0001 <0.0001 0.002 0.36 0.05
Means 0.025+0.02 0.18+0.69 0.40+0.11 0.36+0.09 1.75+0.41 5.11£0.91 6.56+0.99 755.65 <0.0001 1.63+0.19

Number of Charletonia sp.per Z. variegatus individuals capturedis given as mean values + confidence limit. P-value is the significance level of Wilcoxon

two sample (Z) and Kruskal Wallis (H) Tests.

Table 3

Abundance of Charletonia sp. on different tagma of the post-embryonic developmental stages of the smaller and larger
populations of Zonocerus variegatus in the Yaounde agrosystems, from January to December 2011

Population Tagma Stage 1 Stage 2 Stage 3 Stage 4 Stage 5 Stage 6 Adult H-value p-value
Type larvae larvae larvae larvae larvae larvae
Large Head 0.007+0.009 0.009£0.01  0.01+0.01 0.03+0.03 0.07+0.05 0.05£0.04  0.005+0.009 18.33 0.005
Thorax 0.01+0.01 0.04+0.03  0.23+£0.10 0.214+0.09 1.61+0.43 5.09+0.93 6.34+0.97 699.85 <0.0001
Abdomen 0 0.02+0.02  0.06+0.03 0.03+0.03 0.14+0.07 0.48+0.16 0.13£0.48 146.48 <0.0001
H-value 2.81 5.32 36.62 100.59 206.4 407 621.95
p-value 0.24 0.07 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
Short Head 0 0.03+0.03 0.08+0.07 0.04+0.05 0.06+0.08 0 0 9.75 0.03+0.02
Thorax 0.04+0.04  0.33+0.16  0.56+0.28 0.53+£0.22 1.09+0.39 0.96+0.52  12.67+£39.48 81.28 0.50+0.17
Abdomen 0 0.06+£0.07  0.08+0.07 0.13+0.09 0.09+0.13 0.20+0.18 0 24.15 0.07+0.03
H-value 10.11 20.63 30.53 36.08 17.88 7.62 129.11
p-value 0.006 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.02 <0.0001

Number of Charletonia sp.per Z. variegatus individuals captured is given as mean values = confidence limit. P-value is the significance level of Kruskal

Wallis (H) tests

than legs and the body of the thorax while legs were more
infected in the smaller population than wings and the body
of the thorax. Regarding the head, in the both populations,
no difference of abundance were noticed between antenna,
mouth part and head capsule.

Parasites were most abundant in August during the short dry
season. The abundance was low during the long dry season and
the long and short rainy season (Figure 2). When considering
each developmental stage, we found out that the stage 1 larvae
were more abundant during the short rainy season, while stage 2
larvae were more abundant during the long rainy season. Stage
3 larvae were most abundant during the long dry and rainy sea-
sons. Stage 4, 5 and 6 larvae were more abundant during the
short dry season. Adults were more abundant during the dry
season and most abundant during the short rainy season.

Relationship between Z. variegatus and Charletonia sp.
abundance and rainfall

Charletonia sp. and Z. variegatus were both permanently
present in the natural area throughout the year. The correla-

tion between Z. variegatus and Charletonia sp. abundance
was non significant. Z. variegatus abundance increased sig-
nificantly with rainfall (r = 0.38; p = 0.005), while the cor-
relation between rainfall and Charletonia sp. abundance was
non significant (r = 0.09; p = 0.49).

Discussion

The mite species which parasites Z. variegatus in
Yaounde are different from that which parasites the same
host in Benin (Paraiso et al., 1991). Then, Z. variegatus is
parasited by several mite species in his geographical range.
The fact that Charletonia sp. was present throughout the
year in all of the post-embryonic developmental stage of Z.
variegatus (larvae and adults) suggests that Z. variegatus is a
well suited host for Charletonia sp. under natural conditions.
However, Key (1991) considers Charletonia larvae as an oc-
casional parasite of Pyrgomorphidae. The permanent pres-
ence of Charletonia sp. in the natural area could be linked to
the synchronization of the Charletonia phenology with that
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Number of parasites per individuals of Z. variegatus

Month of the year 2011

Fig. 2. Monthly variations of the abundance
of Charletonia sp. per individual of Zonocerus variegatus
from January to December 2011

of Z. variegatus. In fact, (1) Z. variegatus is present through-
out the year in the humid forest zone of Southern Cameroon
(Messi et al., 2006); (2) the high degree of synchronization
of populations found in most species of parasitengona results
in the synchronous appearance of larvae with their hosts
(Wohltmann, 2000).

In the urban zone of Yaounde, Charletonia sp. prevalence
is low (30.74%). This is similar to that of Eutrombidid which
parasites Z. variegatus in Lama (Benin) (30%) by Decem-
ber (Paraiso et al., 1991). This prevalence rate is higher than
that of Eutrombidium on Hieroglyphus oryzivorus (18.25%),
Hieroglyphus nigrorepletus (12.86) and Hieroglyphus per-
polita (12.31%) in Pakistan (Sultana et al., 2012). However,
in some trombidioid species infestation rate is usually much
less than 50%, but may be higher and reach up to 100% in

particular species at particular places (Wohltmann, 2000).

The seasonal variation in the prevalence observed here
was also reported by Chiffaud and Mestre (1990) in Blae-
soxipha filipjevi populations, which showed a prevalence of
nearly 80% during the rainy season. However, during our
study, in addition to the long rainy season (49.30%), the
short dry season (69.96%) also corresponds to a period of
high prevalence. The variation in prevalence observed be-
tween the different stages of development and different sea-
sons could be linked to the variation in the incidence of the
parasite, and the persistence of the parasite in the environ-
ment (Hostetter et al., 1991).

The abundance of Charletonia sp. on Zonocerus variega-
tus ranged from 0-47 individuals (an average of 1.59 +0.19).
These values are close to those obtained in Trombidiidea by
Hostetter (1998) who noted an abundance of 1-41 parasites
per individuals. In the Lama forest in March, up to 45 mites
were counted on one individual of Z. variegatus (Paraiso et
al., 1991). Charletonia sp. lives preferably under the wings
of Z. variegatus. This site preference has been noted for some
Microtrombidiidae parasitizing Brachycera. In this case, the
field data indicates site specificity to the dorsal parts of the
thorax and the first abdominal segments (Wohltmann, 2000).
The high abundance of mite on the wings of grasshopper has
also been noticed by Hostetter (1998). This high abundance
of Charletonia sp. on the wings of Z. variegatus might be
linked to the soft nature of the membrane attachment of the
wing on the body. However, in “short-horned” grasshoppers
in Australia, sites of attachment on the host vary with the
species of mite (Key, 1991). Many Erythraeidae (e.g. Char-
letonia cardinalis, Erythraeus spp., Leptus spp.) display no
clear site specificity but attach to various parts of the host
(Wohltmann, 2000).

Conclusion

In the natural vegetation of the Yaounde urban area,
Charletonia sp. is an ectoparasite of Z. variegatus. Char-
letonia sp. is present throughout the year and parasites all
the post embryonic developmental stages and all tagma of
Z. variegatus. The prevalence of Charletonia sp. is 30.74 +
0.02% while the abundance is 1.63 + 0.18 parasites per host
individual. Parasites are most abundant on the thorax. The
correlation between rainfall and Charletonia sp. abundance
is low. The knowledge obtained in this work is useful in the
search for possibilities of using Charletonia sp. in the fight
against Z. variegatus. To better understand the relationship
between Z. variegatus and Charletonia sp., we will combine
in future investigations field samples with laboratory obser-
vations, on the development of hosts and parasites.



Prevalence and Abundance of Charletonia Sp. (Acari: Erythraeidae) in Zonocerus Variegatus... 377

Acknowledgments

This work was funded by the Ministry of Higher Educa-
tion through a regular quarter funding per year. We also thank
the plant protection team for their help in the data collection.

References

Add-Mensah, J., 2002. Development of a trap to contaminate var-
iegated grasshoppers (Zonocerus variegatus L.) (Orthoptera:
Pyrgomorphidae) with Metarhizium flavo-viride Gams & Ro-
zsypal in the field. Ghana Journal of Agricultural Science, 35 :
59-68.

Bani, G., 1990. Stratégie de lutte contre le criquet puant, Zonocerus
variegatus (Orthoptera-Pyrgomorphidae) au Congo. Journal of
African Zoology, 104: 69-76.

Belovsky, D. C., 1998. Natural Enemies Attaking Grasshopper
Nymphs and Adults. Animal and Plant Health Inspection Ser-
vice, 200 pp.

Brunneau, J. C., 1999. Le Cameroun, une Afrique en miniature.
Géologie et environnement au Cameroun. In : J. P. Vicat and P.
Bilong (Eds), collect. GEOCAM, 2/1999. Univ. Yaoundé, pp.
1-8.

Bush, A. O., K. D. Lafferty, J. M. Lotz and A. W. Shostak, 1997.
Parasitology meets ecology on its own terms: Margolis et al.
revisited. Journal of Parasitology, 83 (4): 575-583.

Chapman, R. F., W. W. Page and A. R. Mc Caffery, 1986. Bio-
nomics of the variegated grasshopper (Zonocerus variegatus)
in west and central Africa. Annual Review of Entomology, 31:
479-505.

Chiffaud, J. and J. Mestre, 1990. Le Criquet puant, Zonocerus
variegatus (Linné, 1758). Essai de synthese bibliographique.
Ministére de la Coopération, Paris & Cirad/Gerdat/Prifas,
Montpellier, 140 pp.

Haitlinger, R., 2004. Charletonia domawiti n. sp., Caeculisoma
nestori n. sp., and Iguatonia barbillae n. gen. and n. sp. from
Brazil (Acari: Prostigmata: Erythraeidae). Genus, 15 (3): 435—
444.

Haitlinger, R., 2006. Four new species of Erythracidae (Acari:
Prostigmata) and the first record of Charletonia braunsi (Oude-
mans, 1910) and C. brunni (Oudemans, 1910) from Ethiopia.
Revista Ibérica de Aracnologia, 12: 79-90.

Haitlinger, R., 2007. New records of mites (Acari: Prostigmata:
Erythraeidae) from Africa with descriptions of four new spe-
cies. Zeszyty Naukowe Uniwersytetu Przyrodniczego we
Wroctawiu, Biologia i Hodowla Zwierzqt, 55: 55-69.

Hostetter, D. L., 1998. The impact of insect parasites and predators
on grasshopper population in Idaho. Animal and Plant Health
Inspection Service, pp. 223-236.

Hostetter, D. L., S. L. Breeding, D. K. Broemeling and S. L.
Zugnoni, 1991. The impact of insect parasites and predators on

grasshopper populations in Idaho. In: Cooperative Grasshop-
per Integrated Pest Management Project, 1989, Annual report.
Boise, ID: U.S. Department of Agriculture, Animal and Plant
Health Inspection Service, pp. 223-236.

Kamran, M., 2009. Systematics of larval Erythracidae (Acarina)
of Punjab, Pakistan. PhD Thesis, University of Agriculture,
Faisalabad, Pakistan.

Kekeunou, S., S. Weise and J. Messi, 2007. Abundance of Zonocerus
variegatus (L.) (Orthoptera: Pyrgomorphidae) in the natural her-
baceous fallow and planted forest: effect of Chromolaena odorata
(Asteraceae). Journal of Entomology, 4 (6): 457-462.

Kekeunou, S., S. Weise, J. Messi and M. Tamo, 2006. Farm-
er’s perception on the importance of variegated grasshop-
per (Zonocerus variegatus) (L.) in the agricultural pro-
duction systems of the humid forest zone of Southern
Cameroon. Journal of Ethnobiology and Ethnomedicine, 2: 17.
http://www.ethnobiomed.com/content/2/1/17

Kekeunou, S., J. Messi, S. Weise and M. Tindo, 2006. Insect
pests’ incidence and variations due to forest zone of Southern
Cameroon: farmer’s perception and need for adopting an inte-
grated pest management strategy. Afiican Journal of Biotech-
nology, 5 (7): 555-562.

Key, K. H. L., 1991. Host Relations and Distribution of Austra-
lian Species of Charletonia (Acarina, Erythracidae) Parasitizing
Grasshoppers. Australian Journal of Zoology, 39 (1): 31-43.

Messi, J., S. Kekeunou and S. Weise, 2006. Abundance and life
cycle of Zonocerus variegatus (Orthoptera: Pyrgomorphidae)
in the humid forest zone of Southern Cameroon. Enfomological
Sciences, 9: 24-30.

Modder, W. W. D., 1994. Control of the variegated grasshopper
Zonocerus variegatus (L) on Cassava. Africa Crop Science
Journal, 2: 391-406.

Sultana, R., Y. S. Wagan and M. S. Wagan, 2012. Effects of mac-
ro-parasitic mite Eutrombidium trigonum (Hermann) on the
life history characteristics of Hieroglyphus species from Sindh
(Pakistan). Afiican Journal of Microbiology Research, 6 (19):
4158-4163.

Paraiso, A., C. J. Lomer, I. Godonou and D. Kpindu, 1991.
Etudes préliminaires sur 1’écologie de Zonocerus variegatus au
Benin. In : C. J Lomer et C. Prior (Eds), Lutte biologique contre
les acridiens. Compte rendu d’un atelier tenu a 1’Institut Inter-
national d’Agriculture Tropicale Cotonou (Benin) du 29 avril
au 1 mai 1991, pp. 133-142.

Welbourn, W. C., 1983. Potential use of trombidioid and erythrae-
oid mites as biological control agents of insect pests. In: M.
A. Hoy, G. L. Cunningham and L. Knutson (Eds). Biological
Control of Pests by Mites. Agricultural Experiment Station,
Division of Agriculture and Natural Resources, University of
California, Berkeley. Special Publication, 3304: 103—140.

Wohltmann, A., 2000. The evolution of life histories in Parasiten-
gona (Acari: Prostigmata). Acarologia, 41 (1-2): 145-204.

Received January, 28, 2014, accepted for printing December, 2, 2014.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


