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Abstract: Increased human population in the Western Kenya highlands has led to reclamation of natural swamps

resulting in the creation of habitats suitable for the breeding of Anopheles gambiae, the major malaria vector in the

region. Here we report on a study to restore the reclaimed swamp and reverse its suitability as a habitat for malaria

vectors. Napier grass-shaded and non-shaded water channels in reclaimed sites in Western Kenya highlands were

studied for the presence and density of mosquito larvae, mosquito species composition, and daily variation in

water temperature. Shading was associated with 75.5% and 88.4% (P < 0.0001) reduction in anopheline larvae

densities and 78.1% and 88% (P < 0.0001) reduction in Anopheles gambiae sensu lato (s.l.) densities in two sites,

respectively. Shading was associated with a 5.7�C, 5.0�C, and 4.7�C, and 1.6�C, 3.9�C, and 2.8�C (for maximum,

minimum, and average temperatures, respectively) reduction (P < 0.0001) in water temperatures in the two

locations, respectively. An. gambiae s.l. was the dominant species, constituting 83.2% and 73.1%, and 44.5% and

42.3%, of anophelines in non-shaded and shaded channels, respectively, in the two sites, respectively. An. gambiae

sensu stricto (s.s.) constituted the majority (97.4%) of An. gambiae s.l., while the rest (2.6%) comprised of

Anopheles arabiensis. Minimum water temperature decreased with increasing grass height (P = 0.0039 and

P = 0.0415 for Lunyerere and Emutete sites, respectively). The results demonstrate how simple environmental

strategies can have a strong impact on vector densities.

Keywords: Anopheles gambiae s.l., mosquito breeding, Napier grass, water channels, larval density, water

temperature

INTRODUCTION

Land-use changes have led to the creation of anthropo-

genic larval habitats suitable for malaria vectors, and thus

have increased malaria transmission in the Western Kenya

highlands. In recent times, increased human population

pressure has led to the clearance of natural swamps,

massive deforestation and the cultivation of crops in the

valley bottoms (Munga et al., 2006; Mushinzimana et al.,

2006). These changes can create ideal conditions for

vector proliferation and increased malaria transmission

(Briet et al., 2003) and also alter the local microclimate in

favor of malaria transmission (Lindblade et al., 2000).Published online: July 3, 2010
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The majority of breeding habitats in the highlands are

confined to the valley bottoms because the hillside gradi-

ents provide efficient drainage (Minakawa et al., 2004;

Githeko et al., 2006) and appropriate management of these

habitats can suppress malaria transmission (Minakawa

et al., 1999).

The productivity of a given larval habitat is affected by

both biotic and abiotic factors. In that regard, shading

decreases photosynthesis at the level of the aquatic habitat

and thus impairs the larval food chain. For example, Tuno

et al. (2005) reported diminished populations of An.

gambiae s.l. and other invertebrate fauna in shaded forest

habitats in Western Kenya highlands

This study tests the hypothesis that intentionally

shading the habitats of immature malaria vectors in wet-

lands will alter the densities of the anopheline larvae and

their relative species composition as a result of reduced

water temperature. Under natural conditions An. gambiae

s.l. adults were shown to emerge only from farmland

habitats, but not from forest and swamp habitats (Munga

et al., 2006). The great majority of An. gambiae s.l. adults

were collected within a distance of <500 m from the valley

bottoms where streams, rivers and reclaimed swamps were

located (Minakawa et al., 2005a; Munga et al., 2006).

Studies of the spatial distribution on the spatial distribu-

tion of plasmodium parasites in humans and the associated

malaria vectors in the same area suggested that transmis-

sion was focal and that targeted vector control was feasible

(Minakawa et al., 2005a; Githeko et al., 2006; Zhou et al.,

2004).

The rate at which a mosquito larva develops is

dependent on the prevailing temperature, development of

An. gambiae s.l. mosquito larvae ceases at temperatures

below 16�C and below 14�C they die. Temperature affects

the rate of larval development, pupation rates (Paaijmans

et al., 2008; Munga et al., 2006); larval survivorship (Tuno

et al., 2005); larval-to-adult survivorship and larval-to-

adult development time (Afrane et al., 2005). The presence

of An. gambiae s.l. and An. funestus in natural aquatic

habitats in the Western Kenya highlands was inversely re-

lated to canopy cover (Minakawa et al., 2002).

An. gambiae s.l. generally avoids standing water pop-

ulated with vegetation (Minakawa et al., 1999; Mutuku

et al., 2006a, b), however, An. gambiae s.l. larvae can

commonly be found in habitats with emergent grasses

(Minakawa et al., 2004). An. gambiae s.l. females deposited

significantly more eggs in rainwater than in waters from

forests and wetlands, suggesting that An. gambiae s.l. pre-

fers water with few impurities (Munga et al., 2005).

The cultivation of swamps increases water tempera-

tures by exposing the immature habitats to direct sunlight

thus reducing the larval to adult developmental time of An.

gambiae s.l. in the cool highlands of Western Kenya

(Minakawa et al., 2004). The amount of sunlight reaching

the water and associated water temperature changes

through the removal of canopy influences not only the

quantity, but also the species composition of photosyn-

thetic aquatic biomass, which may influence the larval food

chain in favour of immature anophelines.

Informed larval interventions that target the more

prolific habitats have been suggested to have great potential

in combating malaria (Killeen et al., 2006; Gu and Novak,

2005), especially at a local, rather than nationwide scale

resulting in increased cost-effectiveness of the operation.

Vector control programs with community participa-

tion have significant and lasting impacts on vector density,

and are more cost-effective than vertically structured pro-

grams (Geissbuhler et al., 2009). In addition, the programs

often integrate with other health or development programs,

promote an enduring sense of pride in home and com-

munity, and make use of politically viable vector control

strategies (Bryan et al., 1994; Hahn et al., 2009). The

present study investigated the effects of intentionally

shading mosquito breeding habitats using Napier grass on

mosquito larval populations, species composition and wa-

ter temperatures.

MATERIALS AND METHODS

Study Area

This study was conducted in the Lunyerere and Emutete

areas located in the Vihiga and Emuhaya districts, respec-

tively, in the highlands of Western Kenya. Lunyerere is

situated at an altitude of 1538 m above sea level,

00.10307 N and 34.72157E, while Emutete, 1545 m above

sea level, is at 00.02854 N and 34.64003E. Both areas

experience monthly mean temperatures ranging between

12�C and 29�C, with two rainy seasons in March to May

and September to November. The other months are rela-

tively dry. According to observations by the Kakamega

meteorological station, the 1960–1999 average annual

rainfall in the region was 1977 mm, mean minimum
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temperature was 13.8�C, and a mean maximum tempera-

ture was 28.0�C.

Topographical features in these highland areas com-

prise hills, valleys, and plateaus, with small rivers and

streams running along the valley bottoms. Swamps are a

common feature in valleys. The characteristic broad, flat

valley bottoms, surrounded by undulating hills, make these

areas prone to flooding, especially during the rainy season.

According to Githeko et al. (2006), malaria parasite

prevalence among school-going children in an area bor-

dering Lunyerere was approximately 68%. Following the

scaling up of mosquito control interventions, in particular

insecticide-treated bed-nets, the parasite prevalence levels

have dropped to below 20%. Parasite prevalence among

school-going children in Emutete is estimated at 44.3%

(Fillinger et al., 2009).

Until around 1999, both sites were natural swamps

dominated by papyrus (Cyperus papyrus). The cultivated

swamps are now used for small-scale subsistence farming

with maize, beans, vegetables, sweet potatoes, arrowroots,

and Napier grass being grown as a livestock feed.

Study Design

The flood-prone, flat-bottomed valley requires extensive

drainage to prevent crop damage, particularly during the

rainy season. The design, arrangement, and network of

drainage channels in the study areas have been graphically

illustrated in Figure 1.

The depth of water in drainage channels ranges

between 25 and 35 cm in the two sites (Lunyerere and

Emutete). The depth, width, and length of the channels

varied from one plot to another, depending on the actual

plot location, size, and the plot owner. The water channels

in Lunyerere had an average length of 5.5 m compared to

8.5 m in Emutete. The channels had an average width of

0.5 m in the two sites.

Three factors were considered in selecting the study

channels, namely, slow-flowing water, permanent channel,

and plot owners consent to plant the Napier grass. Infor-

mation about the persistence of water in the channels was

obtained from the farmers. A total of 22 drainage channels

(12 in Lunyerere and 10 in Emutete) were selected. A

randomized controlled study design was used in allocating

non-shaded and shaded plots. The process involved listing

the selected drainage channels, assigning each an identifi-

cation number, and randomly assigning individual chan-

nels intervention or non-intervention status (Fig. 2a, b).

Napier grass (Pennisetum purpureum) was planted on

both sides of the entire length of drainage channels assigned

intervention status. The non-intervention channels were

left unplanted, hence open and exposed to direct sunlight.

The usual farm activities, including the occasional cleaning

and draining of water channels and land cultivation, went

on uninterrupted throughout the study period, thus

ensuring that conditions remained as natural as possible.

Larval Densities

Larval sampling was conducted weekly at each of the

sampling locations (water channel) using the standard

dipping method (WHO, 1975; Service, 1993). The process

involved random sampling with no effort made to deter-

mine larval concentrations and their distribution within

each habitat. The number of dips taken at each sampling

plot was proportional to the size of channel, as sizes varied

from plot to another; a constant number of dips across all

larval plots would have introduced bias in the study results.

The mean larval densities for each channel were calculated

based on the actual number of dips. Mosquito larvae col-

lected were differentiated in the dipper into anophelines or

culicines, depending on whether they float parallel with the

water surface (anopheline) or hang down from the surface

(culicines) (Rozendaal, 1997). Counting and recording was

performed on site before proceeding to the next sampling

plot. Anopheline larvae were preserved in plastic vials

containing 96% ethanol, carefully sealed, placed, and

transported in cool boxes to the laboratory for further

analysis.
Figure 1. Graphic of the cultivated valley bottoms showing the

design and arrangement of drainage channels.
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Larval Species Composition

In the laboratory, the anopheline larvae were removed from

the plastic vials and preserved in new vials containing fresh

ethanol. The contents of each vial were poured into a glass

Petri-dish and larvae sorted according to their respective

developmental stages, i.e., early instars (1st and 2nd instars

larvae); late instars (3rd and 4th instars). All larvae were

identified morphologically to the species level (Gillies and

Coetzee, 1987). Randomly selected samples of An. gambiae

s.l. larvae were subjected to the DNA-based polymerase

chain reaction (PCR) to determine the proportion of the

sibling species of An. gambiae s.s. and Anopheles arabiensis

Patton in the sample (Scott et al., 1993).

Water Temperature

Water temperatures in both non-shaded and shaded sites

were recorded with the water-resistant temperature loggers

(Optic Stowaway Temperature Logger, Onset Computer

Corporation, Bourne, MA) at 1-minute intervals. Data

loggers were carefully secured into the water to record

temperature in the upper water layer. The data were

downloaded using Box car Pro 4.3 software program once

each month, re-launched, and returned to their respective

locations.

Napier Grass Height

The height of Napier grass was recorded at every stage of

larval sampling. Data were collected between November

2006 and August 2007, and January 2007 to August 2007,

for Lunyerere and Emutete sites, respectively.

Ethical Consideration

The study was approved by the Scientific Review Com-

mittee (SSC) of the Kenya Medical Research Institute

(KEMRI), Protocol KEMRI SSC# 1121. Verbal informed

consent was obtained from selected plot owners before

accessing their land.

Statistical Analysis

Data entry, transformation, and analysis (sums, means,

and proportions) of larval reduction levels were carried

out in Microsoft Excel. Regression and analysis of vari-

ance (ANOVA) were carried out using the JMP version

5.0.1 (SAS Institute, Cary, NC) program to test for dif-

ferences in larval density between the shaded and non-

shaded water channels. Correlation and regression anal-

ysis were used to determine the association between

height of the grass and larval densities and water tem-

perature.

Monthly larval and temperature data were log trans-

formed to stabilize variances and then used to calculate the

geometric means and 95% confidence intervals. The results

were then back-transformed. All statistical analyses results

were compared at a 5% level for significance.

RESULTS

Species Composition

In Lunyerere, a total of 173 and 252 sampling visits were

made to the non-shaded and shaded sites, respectively.

Figure 2. Non-shaded (open) (a)

and Napier grass-shaded (b) chan-

nels as seen in the field.
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Eighty-three percent of the selected sites contained An.

gambiae s.l. larvae on at least one occasion. In non-

shaded sites, a total of 627 larvae (53.3% anophelines

and 46.7% culicines) and 115 pupae (47 anophelines and

68 culicines) were collected. In the shaded sites, 303

larvae (27.1% anophelines and 72.9% culicines) and 98

pupae (8 anophelines and 90 culicines) were collected

(Table 1).

In Lunyerere, 416 anopheline larvae were collected,

comprising 334 (80.3%) and 82 (19.7%) larvae from

non-shaded and shaded sites, respectively. Larvae from

the non-shaded channels comprised of 45.5% early in-

stars and 54.5% late instars larvae, whereas larvae from

shaded channels comprised of 41.5% and 58.5% early

and late instar larvae, respectively. A total of 55 anoph-

eline pupae were collected, comprising 47 (85.5%) from

the non-shaded channels and 8 (14.5%) from shaded

channels.

In Emutete, 131 and 132 sampling visits were made in

non-shaded and shaded sites, respectively. All (100%) the

study plots had An. gambiae s.l. larvae on at least one oc-

casion. A total of 1855 larvae (65.9% anophelines and

34.1% culicines) and 52 pupae (9 anophelines and 43

culicines) were collected in the non-shaded sites, while in

the shaded sites, 704 larvae (20.2% anophelines and 79.8%

culicines) and 38 pupae (2 anophelines and 36 culicines)

were collected (Table 1).

A total of 1365 anopheline larvae comprising 89.6%

and 10.4% from the non-shaded and shaded channels,

respectively, were collected (Table 1). In non-shaded

channels, the anopheline larvae consisted of 793 (64.8%)

early and 430 (35.2%) late instars larvae, respectively,

whereas larvae from shaded channels consisted of 95

(66.9%) and 47 (33.1%) early and late instar larvae,

respectively.

Morphological identification (Table 1) of the Anoph-

eles larvae sampled revealed the presence of a variety of

species in varying proportions. These included An. gambiae

Giles, An. funestus Giles, An. squamous, An. coustani La-

veran, An. rufipes Gouph, An. marshalli Theobald, An.

maculipapis Giles, An. azaniae Bailly-Choumara, An. flav-

icosta Edwards, An. pretoriensis Theobald, and An. im-

plexus Theobald.

The anopheline pupae collected were not distinguished

to the species level.

An. gambiae s.l. was the dominant species complex

collected, irrespective of whether the channel was shaded or

not.

PCR Analysis

The principal malaria vectors in the Anopheles gambiae

sensu lato (s.l.) complex are Anopheles gambiae sensu stricto

and Anopheles arabiensis. Polymerase chain reaction (PCR)

analysis was conducted on 329 samples (187 and 142

samples from Emutete and Lunyerere sites, respectively).

The An. gambiae s.l. samples from Emutete comprised of

150 and 37 samples from non-shaded and shaded channels,

respectively, while An. gambiae s.l. from the Lunyerere site

comprised of 74 and 68 samples from non-shaded and

shaded channels, respectively. A total of 56 samples (32

from Emutete and 14 from Lunyerere) failed to amplify,

thus could not be identified. This could have resulted due

to misidentification of samples, for example, An. christi

larvae may have been identified as An. gambiae s.l. because

the larvae of the two species are nearly identical.

Results showed that An. gambiae s.l. comprised of

97.7% and 96.7% of An. gambiae s.s. in the non-shaded

channels as compared to 100% and 89.5% in shaded

channels (for Emutete and Lunyerere sites, respectively.

The rest comprised of An. arabiensis Patton.

Larval Densities (Lunyerere)

In testing the differences in larval densities between the non-

shaded and shaded channels, one-way ANOVA was used.

The mean densities of anopheline larvae were significantly

higher (F1, 424 = 67.63, P < 0.0001) in the non-shaded

channels compared to shaded channels (non-shaded: mean

0.19 ± 0.21 vs. shaded: mean 0.03 ± 0.01 larvae per dip)

(Table 1). Differences (F1, 424 = 39.95, P < 0.0001) were

observed in the mean densities of An. gambiae s.l. between

non-shaded (1.61 larvae per dip) and shaded (0.24 larvae

per dip) sites (Table 1).

Shading was associated with 78.4% and 23.1% (for An.

gambiae s.l. and An. funestus, respectively) reductions in

larval densities observed in Lunyerere (Table 1). The

overall reduction associated with shading in the combined

densities of larvae belonging to An. gambiae s.l. and An.

funestus species shading was 75.9% (Table 1).

Monthly densities of anopheline larvae showing ob-

served variations in both the non-shaded and shaded water

channels is clearly illustrated in Figure 3. The non-shaded

channels in Lunyerere had their highest densities (0.39

larvae per dip) in the month of March and the lowest (0.01

larvae per dip) in December, whereas the shaded channels

had their highest densities (0.01 larvae per dip) in the
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month of March, and other months had no larvae collected

(Fig. 3a).

Larval Densities (Emutete)

A one-way ANOVA was used to test for the differences in

larval densities between non-shaded and shaded channels.

The mean densities of anopheline larvae were significantly

higher (F1,262 = 93.87, P < 0.0001) in the non-shaded

channels compared to shaded ones (non-shaded: mean

0.93 ± 0.06 vs. shaded: mean 0.11 ± 0.06 larvae per dip)

(Table 1). Significant differences (F1,262 = 91.92, P <

0.0001) were observed in the mean densities of An. gambiae

s.l. larvae between non-shaded (0.38 larvae per dip) and

shaded channels (0.05 larvae per dip). In the non-shaded

channels, the highest densities (1.4 larvae per dip) were

observed in the month of February compared to the lowest

(0.4 larvae per dip) in August, whereas in the shaded

channels, highest densities (0.2 larvae per dip) were ob-

served in April compared to lowest densities (0.01 larvae

per dip) in August.

Differences (F = 2.4159, df = 9, P = 0.0134 and

F = 1.1081, df = 7, P = 0.0043 for Lunyerere and Emutete

sites, respectively) were observed in the monthly densities

of anopheline larvae in non-shaded channels unlike in the

shaded channels (F = 0.9521, df = 9, P = 0.4806 and

F = 1.1081, df = 7, P = 0.3622).

Lunyerere Water Temperatures

A one-way ANOVA was used to test for differences in water

temperatures between non-shaded and shaded channels.

The mean temperatures were significantly higher,

F1,287 = 204.07, P < 0.0001; F1,287 = 902.37, P < 0.0001;

and F1,287 = 510.65, P < 0.0001, for maximum, mini-

mum, and average temperatures, respectively, in non-sha-

ded channels compared to shaded ones during the period

November–May (Fig. 4). Mean surface water temperatures

of 26.2�C, 19.8�C, and 22.2�C for maximum, minimum,

and average temperatures, respectively, were observed in

non-shaded sites compared to temperatures of 20.5�C,

14.9�C, and 17.6�C observed in shaded channels. Signifi-

cant differences (P < 0.0001) were observed in monthly

mean temperatures between non-shaded and shaded

channels. Mean water temperatures of 26.5�C (95% CI:

26.5–26.6�C) and 21.7�C (95% CI: 21.6–21.9�C); 20.0�C

(95% CI: 20–20.1�C) and 14.7�C (95% CI: 14.7–14.75�C)

for maximum (Fig. 4a) and minimum (Fig. 4b) tempera-

tures, respectively, were observed in non-shaded and sha-

ded channels, respectively.

Emutete Water Temperatures

A one-way ANOVA was used to test for differences in water

temperature between non-shaded and shaded channels.
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Figure 3. Monthly dynamics of

anopheline larval densities in

non-shaded and shaded water

channels.
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The mean temperatures were significantly higher,

F1,1887 = 224.3, P < 0.0001; F1,1887 = 7162.7, P < 0.0001;

and F1,1887 = 2297.6, P < 0.0001, for maximum, mini-

mum, and average temperatures, respectively, in the non-

shaded channels compared to shaded channels (Fig. 5).

Mean water temperatures of 22.2�C, 21.1�C, and 21.7�C for

maximum, minimum, and average temperatures were ob-

served in the non-shaded channels compared to tempera-

tures of 20.9�C, 17.1�C, and 18.9�C observed in shaded

channels.

Mean maximum water temperatures of 25.9�C (95%

CI: 25.8–26.1�C) were observed in non-shaded sites as
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opposed to 22.96�C (95% CI: 22.87–23.04�C) in shaded

sites (Fig. 5a). Mean minimum water temperature of

19.6�C (95% CI: 19.6–19.7�C) was observed in non-shaded

sites compared to17.7�C (95% CI: 17.6–17.7�C) in shaded

channels (Fig. 5b).

Temperature and Height of Napier Grass

At the Lunyerere site, a negative association was observed

between the water temperature and corresponding height

of Napier grass (r = -0.2048, P < 0.5231 and r =

-0.7629, P = 0.0039 for mean maximum and minimum

temperatures, respectively). There was positive association,

though not significant (r = 0.4216, P = 0.1723) between

the average water temperature and the height of grass.

In Emutete, a negative association was found between

water temperatures and height of grass (r = -0.6346,

P = 0.0664; r = -0.6856, P = 0.0415; and r = -0.6764,

P = 0.0455 for average maximum, minimum, and average

temperatures, respectively).

In both sites, the strongest association was found be-

tween the mean minimum water temperature and average

height of grass (r = -0.7629 and r = -0.6856 for Lunye-

rere and Emutete sites, respectively).

An. gambiae s.l. Larval Density and Height of Grass

A negative association was observed between the mean

densities of An. gambiae s.l. and the corresponding height

of grass in both sites (r = -0.4935, P = 0.1030 and r =

-0.7084, P = 0.0046 for Lunyerere and Emutete sites,

respectively). The lowest densities of anopheline larvae

were observed when Napier grass was 80–99 and 100–

119 cm in height for Lunyerere and Emutete sites, respec-

tively.

DISCUSSION

This study demonstrates the impact of the intentional

shading of cultivated-swamp habitats in Western Kenya

highlands. Shading of these habitats with Napier grass re-

duces the density of immature mosquitoes, and potentially

changes the local population structure of important disease

vectors, including An. gambiae s.l. larvae. The only

anopheline that could potentially increase due to Napier

grass are An. ziemmani, An. coustani, An. christi, An.

pharoensis, An. maculipalpis, and An. pretoriensis, all of

which are zoophilic and non-vectors in malaria transmis-

sion.

Mosquitoes are among the most sensitive insects to

environmental change; their survival, density, and distri-

bution are dramatically influenced by small changes in

environmental conditions, such as temperature, humidity,

and the availability of suitable breeding sites (Martens,

1998; Molyneux, 1998; Grillet, 2000).

When natural swamps are cultivated, pools of water are

exposed to direct sunlight, leading to elevated temperature

and algae content, and consequent prolific breeding of An.

gambiae s.l. (Minakawa et al., 2004; Afrane et al., 2005;

Kaufman et al., 2006; Munga et al., 2006).

Shading reduces direct sunlight and lowers the water

temperature, an abiotic factor that affects the survival and

development rates of Anopheles gambiae s.l. (Paaijmans

et al., 2008). An. gambiae s.l. exploits the increased re-

sources in warmer, open habitats that tend to produce

more algae, the main food source for An. gambiae s.l., than

shaded habitats (Merrit et al., 1992; Gimnig et al., 2002).

According to Service (1977), shading reduces the amount

of algae. High mortality of An. gambiae s.l. larvae in large

and shaded habitats has been suggested as the main reason

for the low densities in such habitats, compared to high

densities in open and temporary aquatic habitats (Minak-

awa et al., 2004, 2005b).

Development of 4th instar larvae ceases at water tem-

perature below 16�C (Bayoh and Lindsay, 2004). Low

minimum temperatures in the shaded channels habitats are

likely to have resulted in delayed larval development and

increased mortality (Bayoh and Lindsay, 2003).

Differences in the larval survivorship between the non-

shaded and shaded channels may explain the observed

differences in their larval densities. The amount of sunlight

received by an aquatic habitat and the secondary effects of

sunlight on photosynthesis, algal or bacterial growth, may

be more important determinants of food chains and larval

survivorship in aquatic habitats. Tuno et al. (2005) dem-

onstrated that the survivorship of An. gambiae s.l. larvae

was reduced from 55% to 57% in habitats fully exposed to

sunlight to 1– 2% in habitats with full or partial forest

canopy coverage (forest edge habitats). This was attributed

to the high average daily water temperatures experienced in

the open habitats which was approximately 3–3.4�C higher

than the forests habitats.

In the inverse relationship between heights of the grass

and larval densities, water temperatures may be explained

by the fact that, as the height of grass increases, less
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radiative energy reaches the underlying water. According to

Muturi et al. (2007), floating and emergent vegetation can

obstruct mosquito oviposition and also reduce the amount

of sunlight reaching the aquatic habitat, resulting in low

water temperatures and interference with microbial growth

that forms the main diet for mosquito larvae, leading to

extended larval development time and the probability of

predation (Ye-Ebiyo et al., 2003).

Abundance of predators or pathogens in the habitats

(Service, 1977) constrains the development of adults from

larval habitats. In nature, selective pressure from larval

predators to complete this early life stage could be tre-

mendous (Service, 1977). According to Carlson et al.

(2004), an association of both emergent vegetation and

predator diversity with habitat age was suggested as a

probable factor to describe the negative association ob-

served between emergent vegetation and presence of ma-

laria vectors in man-made habitats. Carlson et al. (2004)

observed a 57% increase in predator taxa found in aban-

doned, vegetated pits and a >50% reduction of Anopheles

larval densities. In ground pools, predators are likely to

regulate mosquito larvae density (Washburn et al., 1995;

Sunahara et al., 2002).

The oviposition behavior of gravid female mosquitoes

may influence the species composition and the productivity

of breeding sites. Generally, anopheline larvae prefer open

sun-lit waters (Gillies, 1968). Culicine mosquitoes are

known to be more opportunistic in selection of oviposition

sites and have a broader distribution of immatures in

various geographical areas and water body types (Service,

1996). Emergent and floating vegetation in shaded sites

may obstruct a gravid female from ovipositing (Rao, 1984).

Predators may exert an effect by consuming larvae or

through deterring oviposition into an otherwise suitable

habitat (Angelon and Petranka, 2002).

Life table analysis studies (Afrane et al., 2005) found that

the mean water temperature of aquatic habitats in the

deforested area was 4.8–6.1�C degrees higher than in the

forested area; larval-to-adult survivorship was increased to

65–82%; larval-to-adult development time was shortened by

8–9 days; and not only was the fraction (4–9%) of first-instar

larvae that developed into adults reduced, but the develop-

ment length exceeded 20 days in larval habitats located in

forested areas. The mortality of immatures is affected by

several factors, both biotic (food availability, competition,

predation) and abiotic (rainfall, temperature) factors.

Our findings suggest that the presence of vegetative

cover can play a strong regulatory role on water tempera-

tures and on mosquito populations in larval habitats, and

agree with other data (Fischer et al., 2002) which found low

mosquito densities in habitats with little shading vegeta-

tion. Therefore, canopy/cover affects the temperature of

larval habitats directly, and food conditions and other

factors indirectly. However, the synergistic effects of these

factors may be more significant to larval survivorship and

adult mosquito productivity in highlands than the indi-

vidual factors.

Recent years have seen a reawakening of interest in

control of malaria in Africa by targeting the immature

stages of mosquito species responsible for malaria trans-

mission and the aquatic habitats in which they live (Utz-

inger et al., 2001, 2002a, b; Killeen et al., 2002a, b;

MacIntyre et al., 2002; Fillinger et al., 2003, 2008; Keating

et al., 2003). Fillinger and Lindsay (2006) found that lar-

viciding through application of the larvicidal Bacillus

thuringiensis var. israelensis (Bti) and Bacillus sphaericus

(Bs) reduces Anopheles larval density by 95%, and human

exposure to bites from adults by 92%. While Bti gives good

control initially (within days of application), it does not

appear to persist in most situations. Young mosquito larvae

can appear 3–4 days after treatment of habitats (Mulla,

1990), with no residual activity after 2 weeks in a 4-weekly

application regime (Mulla, 1985).

The proposed method of using Napier grass as a po-

tential environmental management tool for malaria control

in these (and possibly other) areas is based on the wide-

spread practice of Napier grass cultivation and the

importance attached to the particular crop due to its

multiple uses. The strategy is non-chemical and has po-

tential for sustainability once fully integrated in the com-

munity. Community-based participation in vector control

programs has proven to be the most sustainable method of

vector control (Bryan et al., 1994; Wilson et al., 2005).

Napier grass (Pennisetum purpureum) is also known as

‘‘elephant grass,’’ ‘‘Sudan grass,’’ or ‘‘king grass,’’ and is an

improved fodder grass that produces a lot of high-protein

forage. Napier grass also provides straw used for weaving

baskets and provides natural control to stem borers

(Busseola fusca), a major pest of maize and sorghum in

many countries of tropical Africa. If adopted, the use of

Napier grass as a control strategy may also contribute in

alleviating poverty in communities living in the malaria

epidemic-prone highlands of Western Kenya. Additional

studies on the association between anopheline larval

occurrence/abundance and Napier grass cover are currently

in progress. These studies focus on variables such as water
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quality and chemistry, molecular analysis of food types and

amount present, and predator types and their abundance.

CONCLUSIONS

The call for simple, cheap, acceptable, and environmen-

tally friendly mosquito control tools puts this strategy at

the forefront in reducing vector breeding in such culti-

vated areas in the highlands. The habitat management

strategy manifests important features which render it

distinctively more advantageous than other methods.

These include: (1) Its suitability to conditions of mixed

agriculture, which is prevalent in Eastern Africa. Grass

cultivation can increase both the crop yield and livestock

productivity. (2) The proposed technology introduces

practices which are already familiar to farmers in Africa.

The approach has affinity to the common agricultural

practice of multiple cropping and is based on the use of

economically valuable plants. For example, the cultivation

of Napier grass for livestock fodder and soil conservation

is being encouraged in Eastern Africa, and is already

widely applied. (3) Its contribution to the conservation of

plant biodiversity and in providing a sustainable crop

protection system.

This article presents evidence of how simple environ-

mental water management strategies can be used to effec-

tively control the malaria vectors in their larval stages.

While there are no known harmful effects associated with

the propagation and expansion of rhizomes, it should be

noted that the effectiveness of such a strategy would depend

strictly upon proper establishment and management of

these cover plants (i.e., through proper planting, mainte-

nance, and harvesting regimes) (Orodho, 2006).
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Oswaldo Cruz 97:767–773

Geissbuhler Y, Kannady K, Chaki PP, Emidi B, Govella NJ,
Mayaguya V, et al. (2009) Microbial larvicide application by a
large-scale, community-based program reduces malaria infec-
tion prevalence in urban Dar es Salaam, Tanzania. PLoS ONE
4:e5107

Gillies MT (1968) The Anophelinae of Africa, South of the Sahara,
Publication no. 54, Johannesburg: The South African Institute
for Medical Research

Gillies MT, Coetzee M (1987) A Supplement to the Anophelinae of
Africa, South of the Sahara, Publication no. 55, Johannesburg:
South African Institute for Medical Research

Gimnig JE, Ombok M, Otieno S, Kaufman MG, Vulule JM,
Walker ED (2002) Density-dependent development of Anoph-
eles gambiae (Diptera: Culicidae) larvae in artificial habitats.
Journal of Medical Entomolology 39:11162–11172

Githeko AK, Ayisi JM, Odada PK, Atieli FK, Ndenga BA, Githure
JI, et al. (2006) Topography and malaria transmission hetero-
geneity in western Kenya highlands: prospects for focal vector
control. Malaria Journal 5:107

Grillet ME (2000) Factors associated with distribution of Anoph-
eles aquasalis and Anopheles oswaldoi (Diptera: Culicidae) in a
malarious area, northeastern Venezuela. Journal of Medical
Entomolology 37:231–238

Gu W, Novak RJ (2005) Habitat based modeling of impacts of
mosquito larval interventions on entomological inoculations
rates, incidence and prevalence of malaria. American Journal of
Medicine and Tropical Hygiene 73:546–552

Hahn T, Hill P, Kay B, Quy T (2009) Development of a frame-
work for evaluating the sustainability of community-based
dengue control projects. American Journal of Tropical Medicine
and Hygiene 80:312–318

Kaufman MG, Wanja E, Maknojia S, Bayoh MN, Vulule JM,
Walker ED (2006) Importance of algal biomass to growth and
development of Anopheles gambiae larvae. Journal of Medical
Entomolology 43:669–676

Keating J, MacKintyre K, Mbogo CM, Githeko A, Regens JL,
Swalm C, et al. (2003) A geographic sampling strategy for
studying relationships between human activity and malaria
vectors in urban Africa. American Journal of Topical Medicine
and Hygiene 68:357–365

Killeen GF, Fillinger U, Gouagna LC, Knols BGJ (2002) Advan-
tages of larval control for African malaria vectors: low mobility
and behavioural responsiveness of immature mosquito stages
allow high effective coverage. Malaria Journal 1:8

Killeen GF, Fillinger U, Kiche I, Gouagna LC, Knols BGJ (2002)
Eradication of Anopheles gambiae from Brazil: lessons for ma-
laria control in Africa? The Lancet Infectious Diseases 2:618–627

Killeen GF, Ross A, Smith T (2006) Infectiousness of malaria-
endemic human populations to vectors. American Journal of
Medicine and Tropical Hygiene 75(Suppl):1–10

Lindblade KA, Walker ED, Onapa AW, Katungu J, Wilson ML
(2000) Land-use change alters malaria transmission parameters
by modifying temperature in a highland area of Uganda.
Tropical Medicine and International Health 5:263–274

MacIntyre K, Keating J, Sosler S, Kibe L, Mbogo CM, Githeko A,
et al. (2002) Examining the determinants of mosquito avoid-
ance practices in two Kenyan cities. Malaria Journal 1:14

Martens P (1998) Modelling global environmental change health
impacts. The Globe 42:13–15

Merrit RW, Dadd RH, Walker ED (1992) Feeding behaviour,
natural food and nutritional relationships of larval mosquitoes.
Annual Review of Entomology 37:349–376

Minakawa N, Mutero CM, Githure JI, Beier JC, Yan G (1999)
Spatial distribution and habitat characterization of anopheline
mosquito larvae in western Kenya. American Journal of Tropical
Medicine and Hygiene 61:1010–1016

Minakawa N, Sonye G, Mogi M, Githeko AK, Yan G (2002) The
effects of climatic factors on the distribution and abundance of
malaria vectors in Kenya. Journal of Medical Entomology 39:833–
841

Minakawa N, Sonye G, Mogi M, Yan G (2004) Habitat charac-
teristics of Anopheles gambiae s.s. larvae in a Kenyan highland.
Medical and Veterinary Journal 18:301–305

Minakawa N, Munga S, Atieli F, Mushinzimana E, Zhou G, Git-
heko A, et al. (2005) Spatial distribution of anopheline larval
habitats in western Kenyan highlands: effects of land cover types
and topography. American Journal of Tropical Medicine and
Hygiene 73:157–165

Minakawa N, Sonye G, Yan G (2005) Relationships between
occurrence of Anopheles gambiae s.l. (Diptera: Culicidae) and
size and stability of larval habitats. Journal of Medical Entomo-
lology 42:295–300

Molyneux DH (1998) Vector-borne parasitic diseases—an over-
view of recent changes. International Journal of Parasitology
28:927–934

Mulla MS (1985) The future of insect growth regulators in vector
control. Journal of American Mosquito Control Association
11:269–273

Mulla MS (1990) Activity, field efficacy and use of Bacillus thur-
ingiensis H-14 against mosquitoes. In: Bacterial Control of
Mosquitoes and Black Flies: Biochemistry, Genetics, and Appli-
cations of Bacillus thuringiensis and Bacillus sphaericus, Barjac
Hde, Southerland DJ (editors), New Brunswick NJ: Rutgers
University Press, pp 134–160

Munga S, Minakawa N, Zhou G, Barrack OJ, Githeko AK, Yan G
(2005) Oviposition site preference and egg hatchability of
Anopheles gambiae: effects of land cover types. Journal of Med-
ical Entomology 42:993–997

Munga S, Minakawa N, Zhou G, Mushinzimana E, Barrack OJ,
Githeko AK, et al. (2006) Association between land cover and
habitat productivity of malaria vectors in western Kenyan
highlands. American Journal of Tropical Medicine and Hygiene
74:69–75

Mushinzimana E, Munga S, Minakawa N, Li L, Feng CC, Bian L,
et al. (2006) Landscape determinants and remote sensing of
anopheline mosquito larval habitats in the western Kenya
highlands. Malaria Journal 5:13

Mutuku FMM, Alaii JA, Bayoh N, Gimnig JE, Vulule JM, Walker
ED, et al. (2006) Distribution, description, and local knowledge
of larval habitats of Anopheles gambiae s.l. in a village in western
Kenya. American Journal of Tropical Medicine and Hygiene
74:44–53

Mutuku FMM, Bayoh N, Gimnig JE, Vulule JM, Kamau L, Walker
ED, et al. (2006) Pupal habitat productivity of Anopheles gam-
biae complex mosquitoes in a rural village in western Kenya.
American Journal of Tropical Medicine and Hygiene 74:54–61

Muturi EJ, Shililu JI, Gu W, Jacob BG, Githure JI, Novak R (2007)
Larval habitat dynamics and diversity of Culex mosquitoes in
rice agro-ecosystem in Mwea, Kenya. American Journal of
Tropical Medicine and Hygiene 76:95–102

496 Peter M. Wamae et al.



Orodho AB (2006) The role and importance of Napier grass in the
smallholder dairy industry in Kenya. Available: http://www.
fao.org/ag/AGP/AGPC/doc/Newpub/napier/napier_kenya.htm
[accessed Jan 3, 2010]

Paaijmans KP, Jacobs AFG, Takken W, Heusinkveld BG, Githeko
AK, Dicke M, et al. (2008) Observations and model estimates of
diurnal water temperature dynamics in mosquito breeding sites
in western Kenya. Hydrological Processes 22:4789–4801

Rao TR (1984) The Anophelines of India, New Delhi, India: Ma-
laria Research Centre (ICMR)

Rozendaal JA (1997) Vector Control—Methods for Use by Indi-
viduals and Communities, Geneva: World Health Organization,
411 pp

Scott JA, Brogdon WG, Collins FH (1993) Identification of single
specimens of the Anopheles gambiae complex by the polymerase
reaction. American Journal of Tropical Medicine and Hygiene
49:520–529

Service MW (1977) Mortalities of the immature stages of species b
of the Anopheles gambiae complex: comparison between rice
fields and temporary pools, identification of predators, and ef-
fects of insecticidal spraying. Journal of Medical Entomology
13:535–545

Service MW (1993) Mosquito Ecology: Field Sampling Method, 2nd
ed., London: Chapman and Hall, pp 988

Service MW (1996) Medical Entomology for Students, London:
Chapman and Hall, pp 278

Sunahara T, Ishizaka K, Mogi M (2002) Habitat size: a factor
determining the opportunity for encounters between mosquito
larvae and aquatic predators. Journal of Vector Ecology 27:8–20

Tuno N, Okeka W, Minakawa N, Takagi M, Yan G (2005) Sur-
vivorship of Anopheles gambiae sensu stricto (Diptera: Culici-
dae) larvae in western Kenya highland forest. Journal of Medical
Entomology 42:270–277

Utzinger J, Tozan Y, Singer BH (2001) Efficacy and cost effec-
tiveness of environmental management for malaria control.
Tropical Medicine and International Health 6:677–687

Utzinger J, Tanner M, Kammen DM, Killeen GF, Singer BH
(2002) Integrated programme is key to malaria control. Nature
419:431

Utzinger J, Tozan Y, Doumani F, Singer BH (2002) The economic
payoffs of integrated malaria control in the Zambian copper belt
between 1930 and 1950. Tropical Medicine and International
Health 7:657–677

Washburn JO (1995) Regulatory factors affecting larval mosquito
populations in container and pool habitats: implications for
biological control. Journal of the American Mosquito Control
Association 11:279–283

Wilson SD, Varia M, Lior LY (2005) West Nile virus: the buzz on
Ottawa resident’s awareness, attitudes and practices. Canadian
Journal of Public Health 96:109–113

World Health Organization (WHO) (1975) Manual on Practical
Entomology in Malaria. Part. II: Methods and Techniques, Gen-
eva: WHO Division of Malaria and Other Parasitic Diseases

Ye-Ebiyo Y, Pollack RJ, Kiszewki A, Spielman A (2003)
Enhancement of development of larval Anopheles arabiensis by
proximity to flowering maize (Zea mays) in turbid water and
when crowded. American Journal of Tropical Medicine and Hy-
giene 68:748–752

Zhou G, Minakawa N, Githeko A, Yan G (2004) Spatial distri-
bution patterns of malaria vectors and sample size determina-
tion in spatially heterogeneous environments: a case study in the
west Kenyan highland. Journal of Medical Entomology 41:1001–
1009

Mosquito Control Through Habitat Modification 497

http://www.fao.org/ag/AGP/AGPC/doc/Newpub/napier/napier_kenya.htm
http://www.fao.org/ag/AGP/AGPC/doc/Newpub/napier/napier_kenya.htm

	Shading by Napier Grass Reduces Malaria Vector Larvae  in Natural Habitats in Western Kenya Highlands
	Abstract
	Introduction
	Materials and Methods
	Study Area
	Study Design
	Larval Densities
	Larval Species Composition
	Water Temperature
	Napier Grass Height
	Ethical Consideration
	Statistical Analysis

	Results
	Species Composition
	PCR Analysis
	Larval Densities (Lunyerere)
	Larval Densities (Emutete)
	Lunyerere Water Temperatures
	Emutete Water Temperatures
	Temperature and Height of Napier Grass
	An. gambiae s.l. Larval Density and Height of Grass

	Discussion
	Conclusions
	Acknowledgments
	Open access
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /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.)
    /DEU <>
  >>
  /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 [595.276 841.890]
>> setpagedevice


