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Abstract Napier grass (Pennisetum purpureum Schu-

mach), the main fodder crop in eastern Africa, has recently

been severely affected by Napier stunt disease, which is

caused by phytoplasma. We have recently confirmed that a

leafhopper, Maiestas banda (Kramer) transmits phytoplas-

ma in Napier grass in Kenya. Several other species of leaf-

hoppers (Cicadellidae) and planthoppers (Delphacidae) are

also associated with Napier grass, and some could be

potential vector(s) of phytoplasma, but little is known about

phenology and movement activity of these insect groups. We

monitored the populations of M. banda and other leafhoppers

and planthoppers in Napier grass fields at two sites in western

Kenya for 18 months. High population densities were

observed for M. banda, suggesting that it plays a major role

in the disease epidemics in the region. Sampling with Mal-

aise traps and a vacuum-suction sampler revealed that M.

banda and five other species (Cicadulina mbila (Naudé),

Cofana polaris Young, Cofana unimaculata (Signoret),

Leptodelphax dymas Fennah, Maiestas sp.) exhibited a high

proportion of males in the trap catches, implying higher

mobility in males than females. A suction sampler collected

more individuals of three species (M. banda, Maiestas sp.,

and Thriambus strenuus Van Stalle) from phytoplasma-

infected than healthy plants at both sites. The populations of

M. banda and other five species (C. unimaculata, Maiestas

sp., L. dymas, T. strenuus, and Rhinotettix sp. 1) showed a

conspicuous peak at the end of the short rainy season (Sep to

Dec), implying that common regulatory factors such as

rainfall may affect the leafhopper and planthopper complex.

Keywords Delphacidae � Cicadellidae � Population

dynamics � Napier stunt disease � Phytoplasma

Introduction

Napier grass Pennisetum purpureum Schumach is the main

fodder crop in the zero-grazing dairy cattle production
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systems in East Africa, constituting between 40 and 80% of

the forage used in the region (Arocha et al. 2009). The

grass has also been identified as a trap plant for cereal

stemborers (Khan et al. 2006, 2007), and has been used in a

novel ‘‘push–pull’’ management system for these pests in

Africa (Cook et al. 2007). In recent years, Napier grass

production in East Africa has suffered from epidemics of a

disease called ‘‘Napier stunt disease’’ (Ns-disease), which

is caused by a phytoplasma. Characteristic symptoms of the

disease include foliar yellowing, little leaves, tiller prolif-

eration, and shortening of internodes, to the extent that

clumps appear severely stunted (Jones et al. 2004). Often

the whole stool is affected with a complete loss in yield and

eventual death. The Ns-disease has been reported in Kenya,

Uganda, and Ethiopia, posing a serious negative effect on

both dairy and cereal production in the predominantly

mixed crop-livestock farming systems in the region (Jones

et al. 2004, 2007; Nielsen et al. 2007; Arocha et al. 2009;

Obura et al. 2009). According to phylogenetic analysis of

16S rDNA sequences, the phytoplasmas associated with

Ns-disease in Kenya and Uganda are classified into the

16SrXI group (Candidatus Phytoplasma oryzae or rice

yellow dwarf) (Jones et al. 2004; Nielsen et al. 2007), while

those occurring in Ethiopia are classified into the 16SrIII

group (X-disease) (Jones et al. 2007).

Phytoplasmas are phloem-restricted and are transmitted

through (1) vegetative propagation or grafting of infected

plant material; (2) vascular connections made between

infected and uninfected host plants by parasitic plants; and/

or (3) phloem-feeding insects, most commonly leafhoppers

(Cicadellidae) and planthoppers (Delphacidae) (Weintraub

and Beanland 2006). Since there is no parasitic plant

associated with Napier grass, the primary means of

Ns-disease spread are the introduction of infected plant

material (i.e., cane cuttings or clump splits) by farmers and/

or insect vectors carrying the phytoplasma. Recently,

Obura et al. (2009) tested the Ns-phytoplasma transmission

ability of five leafhopper and three planthopper species and

identified the leafhopper Maiestas banda (Kramer)

[recently transferred from genus Recilia, Webb and Vira-

ktamath (2009)] as a vector of Ns-phytoplasma in Kenya.

However, despite that several different insect species are

able to transmit the same kind of phytoplasma (Weintraub

and Beanland 2006), little is known about fauna of leaf-

hoppers/planthoppers on Napier grass in Africa. Therefore,

it is important to identify the composition of leafhoppers

and planthoppers found in the disease-affected Napier grass

fields by the season-long monitoring.

The spread of plant pathogens by insect vec-

tor(s) depends on their abundance and inter-plant move-

ments (Irwin and Ruesink 1986; Power 1987). The

abundance and movement activity of sap-sucking insects is

affected by temperature, precipitation, host plant traits such

as age (Chiykowski 1981; Atakan 2011) and disease

infection status (McElhany et al. 1995; Sisterson 2008),

host plant density (Power 1987), and the vector’s gender

(Hunt et al. 1993; Beanland et al. 1999). Detailed knowl-

edge of the factors affecting population dynamics and the

dispersal of vectors is a prerequisite not only for under-

standing Ns-disease epidemiology but also for developing

an integrated pest management program against the dis-

ease. Despite the importance of M. banda as a vector of

Ns-disease in Kenya, little information exists on its sea-

sonal distribution in the Napier grass fields.

In this study, we sampled leafhoppers and planthoppers

in Napier grass fields in western Kenya to (1) identify the

components of leafhopper/planthopper species complex,

(2) understand the seasonal phenology of the dominant

species, and (3) evaluate whether the insect’s gender and/or

disease infection of host plants influenced their density.

Leafhoppers and planthoppers were sampled by means of a

vacuum-suction sampler that collected foliage-dwelling

insects regardless of their flight ability and Malaise traps,

which mainly collected active fliers. Hence, by comparing

the sex ratio in the trap catches with those obtained from

suction samples, we were able to compare the flight

activity of males and females of each species. Furthermore,

we compared the abundance of the species on phytoplas-

ma-infected and uninfected plants by suction sampling to

test whether disease infection status of the host plant

affects insect abundance on the plants.

Materials and methods

Field sites

Leafhoppers and planthoppers were sampled at Kabula

(0�290N, 34�310E) and Sangalo (0�310N, 34�350E), Bung-

oma district of western Kenya. The sites are characterized

by a bimodal rainfall distribution (Mugalavai et al. 2008),

with peaks in May and October and annual precipitation of

approximately 1,500 mm (Fig. 1). Bungoma district is one

of the most severely affected areas by Ns-disease in Kenya

(Orodho 2006). At the onset of the study, the disease

infection rate (percentage of infected plants) in Sangalo

was relatively moderate (ca. 30–40%), while that in

Kabula, which is located 5 km from Sangalo, was high (ca.

80–90%, unpublished data). A sampling plot (approxi-

mately 50 9 50 m) was established in the center of Napier

grass mono-crop fields in Kabula and Sangalo (0.5 and

8.0 ha, respectively). In each field, Napier grass (bana

variety) was planted with a spacing of 1 m between and

40–50 cm within rows. The normal agronomic practices,

such as fertilization and irrigation, for growing Napier

38 J Pest Sci (2012) 85:37–46

123



grass were followed during the course of the experiment

(Nyaata et al. 2000).

Sampling protocol

Regular sampling of planthoppers and leafhoppers was

conducted using a modified suction sampler (hand blower

THB-2510N, Tanaka Co. Ltd., Chiba, Japan) and Malaise

traps. For the suction sampling, five healthy (asymptom-

atic) and five infected (symptomatic) Napier grass plants

were selected randomly per site. Each plant was sampled

from bottom to top by moving the suction sampler head

(11 cm diameter) onto the plant surface for 40 s. Sampling

was carried out biweekly between 10:00 and 17:00 when

the vegetation was dry. One Malaise trap (2 m long, 1.1 m

width, 1.7 m height) was placed in the center of each

monitoring plot. The ground within a radius of ca. 2.5 m of

the trap was kept cleared during the monitoring period. The

insects captured in a head vial (containing 250 ml of 70%

ethanol) were collected weekly. The planthoppers and

leafhoppers in the samples were sorted and insect species

identified whenever possible, and adult sex determined.

Only adults were identified, and immature individuals were

included along with the unidentifiable specimens and

reported as ‘‘unidentified’’. All voucher specimens were

deposited at the biosystematics unit of the International

Centre of Insect Physiology and Ecology (ICIPE), Nairobi,

Kenya. Suction and Malaise samplings were conducted 41

and 65 times, respectively, from March 2007 to September

2008. Malaise sampling was not performed from February

2008 to May 2008 because of the unavailability of insect

preservative (ethanol) as a consequence of political tension

in Kenya.

Data analysis

The sex ratio (i.e., the total number of males divided by the

total number of females) was calculated for species with

ten or more individuals. The ratios obtained from suction

sampling and Malaise trapping were compared by a G test

(Sokal and Rohlf 1995). For 12 most abundant species with

ten or more occurrences, insect abundances (pooled per

five plants) between healthy and diseased plants were

compared throughout the entire sampling period, using the

Wilcoxon matched pairs test (Sokal and Rohlf 1995).

Seasonal variation in population densities was examined

for six predominant species (see ‘‘Results’’). Two-way

analysis of variance (ANOVA) was conducted to determine

the influence of season (sampling week) and Ns-disease

infection status of host plants (healthy or infected) on the

number of insects per plant. Density data were log10

(x ? 0.5)-transformed before analysis. Differences

between healthy and infected plants were further investi-

gated for each sampling period using Wilcoxon test. All

statistical tests were carried out using JMP version 5.1.1 for

Mac (SAS Institute 2004).

Results

Identified leafhoppers and planthoppers

Table 1 is a list of the identified species collected with

suction sampler and Malaise traps. A total of 4,714 leaf-

hoppers and 2,207 planthoppers were collected with the

suction sampler over an 18 month monitoring period, of

which 2,466 leafhoppers and 1,824 planthoppers were

identified to species/morphospecies or to genus levels. The

Malaise traps collected 6,944 leafhoppers and 1,058 plant-

hoppers, of which 2,275 and 668, respectively, were iden-

tified. The identified leafhopper species were dominated by

M. banda, Cofana unimaculata (Signoret), Cicadulina

mbila (Naudé), Exitianus attenuatus Ross, and Maiestas sp.

The predominant planthoppers were Leptodelphax dymas

Fennah, Thriambus strenuus Van Stalle, Rhinotettix sp. 1,

Sogatella manetho, and Leptodelphax sp. These species

together comprised 96.4 and 67.8% of all leafhoppers and

planthoppers identified, respectively. Due to identification

difficulties, females of the genus Sogatella were pooled as

Sogatella spp. and excluded from further analysis.

Sex ratio

For five leafhopper species (C. mbila, C. polaris, C. uni-

maculata, M. banda, and Maiestas sp.) and one planthop-

per species (L. dymas), the sex ratios obtained from the

Malaise traps were strongly male biased, and the male ratio

was higher than that obtained via suction samplings

(Table 2). On the other hand, there were no differences in

the sex ratios between the sampling methods for one

leafhopper species (Exitianus distanti) and four

Fig. 1 Seasonal change in monthly precipitation (bars) and monthly

mean (±standard error) of daily maximum (open circles) and

minimum (closed circles) temperature in Bungoma district, western

Kenya
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planthopper species (Leptodelphax sp., Rhinotettix sp. 1,

T. cubanus, and T. strenuus).

Species response to diseased and healthy host plants

In Kabula, higher population densities occurred in diseased

plants for six species (C. unimaculata, E. attenuatus, E.

distanti, M. banda, Maiestas sp., and T. strenuus), com-

pared with two species (C. mbila and S. manetho) in

healthy plants (Fig. 2). In Sangalo, of the 12 species tested

by the Wilcoxon method, 6 species (C. polaris, M. banda,

Maiestas sp., L. dymas, Rhinotettix sp. 1, and T. strenuus)

showed a higher density in diseased plants compared with

healthy plants, but another 6 species were not influenced by

host plant infection (Fig. 2). Three species, M. banda,

Maiestas sp., and T. strenuus, exhibited significantly higher

population densities on infected plants in both Kabula and

Sangalo.

Seasonal variation in population densities

of predominant species

Seasonal phenology patterns were analyzed for six pre-

dominant species (M. banda, Maiestas sp., C. unimaculata,

L. dymas, T. strenuus, and Rhinotettix sp. 1). When sam-

pling was performed using suction samplers, higher abun-

dance of M. banda occurred on diseased plants than on

healthy plants (Table 3; Fig. 3). The Kabula population

showed a noticeable peak in October 2007 with densities of

7.8 and 1.6 on diseased and healthy plants, respectively

(Fig. 3). In Sangalo, the peak population densities of M.

banda occurred in November and December 2007 with

densities of 7.6 and 8.0 on diseased and healthy plants,

respectively. The number of M. banda caught in the Mal-

aise trap showed no clearly defined peak in Kabula

(Fig. 4). The Sangalo population had two noticeable peaks

in April 2007 and December 2007, and a weak peak around

August 2007.

Table 1 Overall abundances of

leafhoppers (Cicadellidae) and

planthoppers (Delphacidae)

collected by the suction sampler

and Malaise traps at two sites

(Kabula and Sangalo) in

western Kenya

The total catch throughout the

entire sampling period is shown
a Number of sampling times
b Only males were identified to

the species level, and females

were included in ‘‘Unidentified

Cicadellidae’’
c Only males were identified to

the species level, and females

were pooled as Sogatella spp
d Including unidentifiable

females, immature individuals,

and damaged specimens

Family Species Kabula Sangalo

Suction

(41)a
Malaise

(65)a
Suction

(41)a
Malaise

(65)a

Cicadellidae Cicadulina mbila (Naudé, 1924) 48 72 202 237

Cofana polaris Young, 1979 0 4 15 46

Cofana spectra (Distant, 1908) 3 0 1 2

Cofana unimaculata (Signoret, 1854) 160 734 203 512

Exitianus attenuatus Ross, 1968b 69 20 51 20

Exitianus distanti Ross, 1968 30 12 15 4

Glossocratus afzelii (Stål, 1854) 5 22 3 7

Maiestas banda (Kramer, 1962) 361 79 570 328

Maiestas sp. 267 63 463 113

Unidentified Cicadellidaed 1290 1693 958 2976

Delphacidae Asiracina sp. 56 1 22 2

Leptodelphax dymas Fennah, 1961 315 78 217 73

Leptodelphax maculigera (Stål, 1859) 1 0 0 0

Leptodelphax sp. 56 3 102 15

Oaristes snelli (Muir, 1929) 1 0 1 0

Rhinotettix sp. 1 130 38 140 57

Rhinotettix sp. 2 6 3 0 0

Sogatella kolophon (Kirkaldy, 1907)c 5 1 2 1

Sogatella manetho Fennah, 1955c 60 21 96 110

Sogatella nigrigenis (Jacobi, 1917)c 14 9 23 13

Sogatella spp.c 89 17 166 140

Tagosodes cubanus (Crawford, 1914) 13 3 10 19

Thriambus levis Van Stalle, 1984 7 0 0 0

Thriambus strenuus Van Stalle, 1984 152 21 139 43

Thriambus vegetatus (Melichar, 1912) 0 0 1 0

Unidentified Delphacidaed 220 143 163 247

Total individuals 3358 3037 3563 4965
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A similar temporal pattern was observed for the other

three species, Maiestas sp., T. strenuus, and Rhinotettix sp.

1. The population densities of these species, sampled by the

suction sampler, increased from July 2007 and peaked in

November 2007, before gradually decreasing until March

2008 (Fig. 3). The population level remained low as the

season advanced, but increased again in July 2008. The

densities of Maiestas sp. and T. strenuus were generally

greater in the diseased than in the healthy plants (Table 3;

Fig. 3). The densities of Rhinotettix sp. 1 on diseased and

healthy plants differed in Sangalo, but the difference was

not statistically significant in Kabula (Table 3). The sea-

sonal phenology patterns of these species collected by the

Malaise traps were largely consistent with those collected

by suction samplers in that the population peak occurred

around November–December 2007 (Fig. 4).

The results for C. unimaculata collected by the suction

sampler revealed greater population densities in the dis-

eased than in the healthy plants in Kabula, but the differ-

ence was insignificant in Sangalo (Table 3). In Kabula,

there were three noticeable peaks in July 2007, November

2007, and April 2008 (Fig. 3). In Sangalo, the peak pop-

ulation density occurred in November 2007 and March

2008, but no peaks were detected in July 2007. Both

populations increased from July 2008 toward the end of the

census period in September 2008. In the Kabula popula-

tion, the results from both sampling methods were con-

sistent in that the population peak densities were seen in

July and November 2007 (Fig. 4). In Sangalo, there was a

distinct peak in the C. unimaculata population in July 2007

from the Malaise samples, which was not detected in the

suction samples.

Table 2 Sex ratio (total

number of males divided by

total number of females) in

leafhoppers (Cicadellidae) and

planthoppers (Delphacidae)

collected by the suction sampler

and Malaise traps at two study

sites (Kabula and Sangalo) in

western Kenya

Sex ratios are shown for species

with ten or more individuals

* Significantly different

between the sampling methods

(G test; P \ 0.05)

Family Species Kabula Sangalo

Suction Malaise Suction Malaise

Cicadellidae Cicadulina mbila 0.7 7.0* 0.3 4.4*

Cofana polaris – – 0.7 14.3*

Cofana unimaculata 1.4 27.2* 0.9 27.4*

Exitianus distanti 1.1 2.0 1.1 –

Glossocratus afzelii – 3.4 – –

Maiestas banda 0.8 3.4* 0.6 5.6*

Maiestas sp. 0.9 1.9* 0.7 1.8*

Delphacidae Leptodelphax dymas 1.0 2.9* 0.8 4.6*

Leptodelphax sp. 1.1 – 1.0 0.4

Rhinotettix sp. 1 0.7 0.4 0.6 0.6

Tagosodes cubanus 3.3 – 2.3 1.7

Thriambus strenuus 3.5 2.5 3.0 1.5

Fig. 2 Seasonal mean

(±standard error) densities of

leafhoppers and planthoppers

collected by the suction sampler

from healthy (open bars) and

diseased (gray bars) Napier

grass plants at a Kabula and

b Sangalo, western Kenya

(values pooled per five plants).

Wilcoxon matched pairs tests

between healthy and diseased

plants: *P \ 0.05; **P \ 0.01;

NS no significant differences
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When sampling was performed using suction samplers,

the density of L. dymas was greater in the diseased than in

the healthy plants in Sangalo, but the difference was

insignificant in Kabula (Table 3). The L. dymas population

in Kabula and Sangalo showed a similar pattern of seasonal

occurrence. The population densities had six peaks in

March 2007, July 2007, November 2007, March 2008, June

2008, and September 2008 (Fig. 3). Malaise trap samples

from both study sites indicated noticeable population peaks

in March–April 2007, July 2007, November 2007, and

September 2008, which was consistent with suction sam-

ples (Fig. 4).

Discussion

Sampling with Malaise traps and a vacuum-suction sam-

pler revealed that M. banda was abundant in both Kabula

and Sangalo. Considering its already known vectoring

capability for Ns-disease (Obura et al. 2009) and high

population density, M. banda is likely to play a major role

in the Napier stunt epidemic currently affecting the region.

Leafhoppers in the genus Maiestas are mostly grass feeders

(Webb and Viraktamath 2009), and some species have

been reported to transmit phytoplasmas to gramineous

crops. For example, the zigzag leafhopper Maiestas dor-

salis (Motschulsky) is a vector of rice orange leaf phy-

toplasma in Asia (Rivera et al. 1963). Maiestas distinctus

(Motschulsky) and M. dorsalis have been shown to be

associated with sugarcane white leaf phytoplasma in

polymerase chain reaction (PCR) assays designed to detect

phytoplasma from field-collected specimens (Hanboonsong

et al. 2006). Rice orange leaf, sugarcane white leaf, and the

Kenyan strain of Napier stunt phytoplasma are all members

of the16SrXI rice yellow dwarf group of phytoplasmas

(i.e., Candidatus Phytoplasma oryzae), suggesting complex

interactions between this group and leafhoppers of the

genus Maiestas. It is worth noting that the results of this

study showed the presence of at least one other species of

the genus Maiestas (Maiestas sp.), which was common in

Table 3 Two-way analysis of

variance table of sampling week

(Season) and host plant disease

infection (Disease) effects on

the density of common

leafhopper (Cicadellidae) and

planthopper (Delphacidae)

species collected by suction

samplers

Kabula Sangalo

Species Source df F P F P

Cicadellidae

Maiestas banda Season 40 5.77 \0.001 6.50 \0.001

Disease 1 43.80 \0.001 13.69 \0.001

Season 9 disease 40 2.37 \0.001 0.96 0.539

Error 328

Maiestas sp. Season 40 5.29 \0.001 11.73 \0.001

Disease 1 98.29 \0.001 68.88 \0.001

Season 9 disease 40 3.56 \0.001 3.06 \0.001

Error 328

Cofana unimaculata Season 40 3.38 \0.001 7.50 \0.001

Disease 1 7.53 \0.001 0.04 0.845

Season 9 disease 40 1.24 0.164 1.53 0.026

Error 328

Delphacidae

Leptodelphax dymas Season 40 3.73 \0.001 3.87 \0.001

Disease 1 2.89 0.090 4.19 0.042

Season 9 disease 40 1.25 0.152 1.75 0.005

Error 328

Thriambus strenuus Season 40 3.65 \0.001 3.22 \0.001

Disease 1 46.84 \0.001 28.67 \0.001

Season 9 disease 40 1.74 0.005 2.18 \0.001

Error 328

Rhinotettix sp. 1 Season 40 2.37 \0.001 2.94 \0.001

Disease 1 0.45 0.503 10.54 0.001

Season 9 disease 40 0.78 0.829 1.70 0.007

Error 328

42 J Pest Sci (2012) 85:37–46

123



the study fields. Further investigation is required on its

taxonomic identity and its capability to transmit

Ns-phytoplasma.

In addition to M. banda, there could be other leafhop-

pers or planthoppers associated with Ns-phytoplasma

transmission. Several species identified in this study belong

to the genera Exitianus and Leptodelphax, the members of

which have been reported as possible vectors of phytopl-

asma. Exitianus capicola (Stål) has been reported as a

vector of phytoplasma in Limonium hybrids in Israel

(Weintraub et al. 2004). Arocha et al. (2009) demonstrated

that field-collected Leptodelphax dymas carried a 16Sr III-

A phytoplasma, a pathogen responsible for Ns-disease in

Ethiopia, and suggested this planthopper as a candidate

vector for this phytoplasma. On the other hand, in pathogen

transmission experiments, L. dymas was unable to transmit

a Kenyan phytoplasma strain (i.e., 16Sr XI phytoplasma) to

healthy Napier grass plants, and insects reared on diseased

Napier grass for 30 days were phytoplasma negative

(Obura et al. 2009). These results indicate that L. dymas is

not currently a vector of Ns-phytoplasma in Kenya, but its

capability to acquire 16Sr III-A phytoplasma suggests the

possibility of this planthopper acting as a vector if the

Ethiopian phytoplasma strain spreads to the region. Further

studies would elucidate other vectors of Ns-phytoplasma

among the species that we have collected, especially

among species of the genera Maiestas, Exitianus, and

Leptodelphax.

Fig. 3 Mean (±standard error) densities of leafhopper species

(Maiestas banda, Maiestas sp., Cofana unimaculata) and planthopper

species (Leptodelphax dymas, Thriambus strenuus, Rhinotettix sp. 1)

collected by the suction sampler at two study sites (Kabula and

Sangalo). For periods with an asterisk, a significant difference was

detected between infected (closed circles) and healthy (open circles)

Napier grass plants (Wilcoxon rank sum test, P \ 0.05)
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For the other species identified in this study, four leaf-

hopper species (Glossocratus afzelii, C. polaris, C. spectra,

and C. mbila) and two planthopper species (T. strenuus and

S. manetho) were observed to feed and survive on Napier

grass under caged conditions (Obura et al. 2009). Using

Safranine dye technique developed by Khan and Saxena

(1984), we demonstrated that all insects, even leafhoppers

of the genus Cofana that are generally considered to be

xylem feeders, fed on the phloem sap and could potentially

transmit Ns-phytoplasma (Khan, unpublished data). How-

ever, results from transmission experiments showed that all

six species were unable to transmit Ns-phytoplasma in

Kenya (Obura et al. 2009).

In five leafhopper species (C. mbila, C. polaris,

C. unimaculata, M. banda, and Maiestas sp.), more males

than females were collected with Malaise traps, while the

sex ratio was more balanced in the vacuum-suction sam-

ples. Such a male-biased sex ratio on a trap catch basis,

compared to a sex ratio based on sweeping or suction

sampling has been reported for many species of leafhop-

pers (Rodriguez et al. 1992; Hoy et al. 1999; Lessio et al.

2009). While the vacuum-suction method can collect any

insects residing on the surfaces of plants regardless of their

flight ability, Malaise traps usually collect active fliers.

Hence, a higher proportion of males in trap catches indi-

cates a higher mobility of males. A high male proportion in

trap catches was also observed in the planthopper L. dymas.

As with many species of planthoppers, L. dymas exhibited

wing-dimorphism, and the macroptery rate was higher for

males than for females (Fujinuma, unpublished data).

Fig. 4 Seasonal abundance of leafhopper species (Maiestas banda,

Maiestas sp., Cofana unimaculata) and planthopper species (Lepto-
delphax dymas, Thriambus strenuus, Rhinotettix sp. 1) collected by

the Malaise trap at Kabula and Sangalo. Data was not available for the

period shown with a horizontal bar
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Males would have higher flight activity and be more likely

to be trapped than females.

The vector preference for disease-infected plants could

influence vector dispersal activity and hence affect disease

epidemiology (McElhany et al. 1995; Sisterson 2008).

Many studies have therefore examined the preference of

insect vectors for infected plants, but the results varied

[reviewed in Sisterson (2008)]. In this study, the diseased

Napier grass supported larger populations of M. banda than

did healthy plants. This might be attributed to the yel-

lowing of infected plants, which become more visually

attractive to such insects (Todd et al. 1990; Marucci et al.

2005). Another explanation may involve leafhopper

behavioral responses to disease-induced changes in plant

nutritional quality (Hammond and Hardy 1988) or in plant

odor composition (Eigenbrode et al. 2002; Mayer et al.

2008). The effects of plant color, nutritional quality, and

volatiles of phytoplasma-infected Napier grass on the host

selection behavior of M. banda are not understood and

warrant further investigation.

This study demonstrated that populations of four species

(M. banda, Maiestas sp., T. strenuus, and Rhinotettix sp. 1)

exhibited similar cyclical annual fluctuations, with a

conspicuous peak at the end of the short rainy season

(October–December) in 2007. The population dynamics of

leafhoppers and planthoppers may be explained in part by

weather conditions (e.g., rainfall and temperature), avail-

ability and quality of food resources, and impact of natural

enemies (Denno and Roderick 1990; Bosque-Pérez 2000;

Bi et al. 2005). In this study, Napier grass was regularly cut

and collected from only a proportion of the cultivated field

at a time, and all growth stages of the plant were always

present in the study field. Therefore, host plant availability

can be ruled out as a possible regulatory factor of the

population fluctuations observed in this study. As the tem-

perature in western Kenya was relatively stable, with no

particular seasonal pattern, rainfall might be an environ-

mental factor affecting the population dynamics of the

species examined in this study. In humid forest locations in

southern Nigeria, Asanzi et al. (1994) found that the pop-

ulation levels of leafhoppers of the genus Cicadulina were

consistently low during most of the year, but after the rains

ended in October, the leafhopper population density rapidly

increased, producing a sharp peak. They suggested heavy

rainfall as the responsible factor for this pattern as it can

cause insect mortality. Studies in Zimbabwe (Rose 1972)

and northern Nigeria (Alegbejo and Banwo 2005) also

demonstrated that rainfall consistently affected the abun-

dance of Cicadulina leafhoppers. In this study, a conspicuous

population peak was observed in the same season for six

species, implying that common regulatory factors such as

rainfall might affect the leafhopper and planthopper complex.

However, since this conclusion is based on an 18 month

observation that covered only one cycle of the population

fluctuation, further long-term studies are necessary to address

the relationships between weather conditions and leafhopper/

planthopper population dynamics in more detail.

In conclusion, this study revealed the components of the

leafhopper and planthopper species complex on Napier

grass and showed that M. banda was one of the abundant

species. Considering its vectoring capability and high

population density, M. banda may play a major role in the

Ns-disease epidemiology in western Kenya. This study

elucidated some of the population characteristics of

M. banda, such as the higher mobility of males compared

to females, the high abundance on disease-infected plants,

and cyclical population fluctuation with a peak at the end

of the short rainy season. In addition, this study provided

information on the influence of disease infection of host

plants on the abundance of non-vector species, which is

important for estimating the positive and negative effects

of the Ns-disease epidemic on the insect herbivore com-

munity present on Napier grass. The biological character-

istics of the insect vectors are certainly of epidemiological

relevance and are being studied further with experimental

methodologies. Since the alternative/reservoir plants har-

boring the Ns-phytoplasma are unknown, understanding of

the host range of M. banda as well as other potential vector

insects is also desirable.
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