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Abstract  This research covers the current status of rice land nalaria mapping vith particular reference to recent developments
in spaceborne data availahility - Aland cover map was generated in Frdas Inugine V8~7®ﬁ%ing Quickhird 0.6 m and Tkonos
4.0mvisiHe and near infrared (NR) data acquired Juy 2005, for Kangchiri » Kuria and Ruruni agro village conplexes
vithinthe Mwea Rce Schene . Kenya - Held sanpling data was acquired fromthe three study sites duing July 2005to Juy
2006. We performed a maxi mumlikelihood unsupervised dassification on the satellite datasets - Fach paddy and canal hahitat
in the three study sites was digjtally traced in Arc Info 9. 1®uhich served as a gid - A unique ideniifier was placed in each
gid cell - Al hahitats in each study site were stratified based on levels df rice stage ( 1=poughed ; 2=flooded  3=post -
transplarting » 4 =tillering . 5 =flowering etwation 6 =fallow) - [ifferentially corrected gobal positioning systens
An analyses of
variance test bet ween aquatic hahital . strata and study site was perforned - The Tkonos data and the QuickBird data identified
every rice land aquatic hahitat by village and strata - Ikonos and QuickBird visihe and NR data of geo referenced riceland

(DGPS) ground coordinates of rice land Anopheles oviposition sites were overlaid on the satellite datasets -

An - arabiensis aquatic hahitats can develop and i mplenent an Inteqrated Vector Managenent (IVM) program based on larval

produdtivity -

Key words  QuickBird ;Tkonos i Anopheles arabiensis 3 Agro village complex

1 Introduction

Previous research has shown specific land use
land cover change (LULC) can cause a cascade of
factors that exacerbate mnularia transmission in rice
environnents ( Duk Wasser e o -, 2004; Jacob e
a -, 2006) . LULC in a rice ecosystem can occur
through
bulding » irrigation » wetland nodification » and other
adivities (Patz e o -, 2004) . For exanple , in
Caneroon forest clearance for rice cultivation was
Anopheles
s - Gles conpared vith an adjacent area

deforestation » road  construction s dam

associated with invasion of nmlaria vector

ganbiae s -
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o undisturbed land (livadas et o -» 1958) . In
Uganda clearance of papyrus swamps at the bottom of
highland valleys for rice agriculture has created suitable
conditions for An - ganbiae and An - funestus Gles
(Seyn » 1946) , and narsh dearance has had sinilar
effects in Rwanda ( Vincke and Jadin., 1946) .
Irrigation dam construction has had denonstrable effects
onlocal levels of malaria transnission ; as evidenced in
Kenya ( Khaemba @& o -, 1994) and Rwanda /
Burundi ( Meyus et o -, 1962) . In Kenya , there
was a (Ofdld increase in the population of An -
ganbiae in the Ahero rice irrigation schene as
conpared with an adjacent area of undisturbed land
(Surtees » 1970) . In Mhdagascar the association
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bet ween rice fields which support An - funestus and
nelaria risk has been dealy denonstrated (Lepers e
d -» 1991) . Vector density was four ti nes higher in a
Tanzanian rice field village than in a nearby sugarcane
or savanna village (Ljumba e d -, 2002) . In
Fthiopia » people that used rice frrigated land were
exposed to a higher risk of malaria as measured by
inddence ( Ghebreyesus e d -, 2000) . Nght ti me
landing hite cdlections revealed sigrificantly higher
adult anopheline densities in rice commumities as
conpared to nonrtice agicultural commumities in the
city of Kunmsi ; Ghana ( Afrane e o -, 2004) . In
Senegal » the hiting rate in a village near a rice field
was 17fold higher than that ohserved in a village
located more than Skm away fromrice fields (Faye et
d > 1993) . Sgificantly higher hiting rates and an
increase in melaria transmission has recenily been
docunented in an newy irrigated subarid rice
ecosystem of Mhdagascar ( Murana e o -, 2004) .
Keiser et ol - ( 2005) states that the introduction of
rice irrigation can place non i mmune populations at a
high risk for melaria by altering transnission from
nesoendenic to hyper endemic as they observed in
Rosso in the Senegal River Basin -

Remnte sensing and (IS techndoges have been
successfully used in many vector disease studies to
detect LULC and nosquito breeding hahitats ( Hayes et
d -, 1985; Hay e o -» 1998;Jacob e o -, 2003,
2005, 2006;  Keating e o -, 2003, 2004;
Sthiprasasna 2003, 2005; Fsele et d -, 2004;
Mushinzi mana et o - 2006) , predict the densities of
anopheline vectors ( Wood e d -, 1991; Pope e
d -» 1994; Roberts and Rodriguez 1994; Washino
and Wood » 1994; Rodriquez e dl - » 1996) and
dassify the risk of urban nularia transmssion ( Beck
e d -, 1994, Cater e o -, 2000) . However
previous research has denonstrated limtations of
sensed data for
quartitative corfirmation of the
distribution of rice land LULC - For exanple ; Landsat
TMat 30mspatial resolution has been used to esti mate

renotely providing visual and

abundance and

paddy rice field land cover (Tennakoon and Mty
1992; Okanmto and Fukuhara » 1996; Fang @ d -
1998; Okamto and Kawashinn ., 1999) . Coarse

resolution data and frequent doud cover inrice groving
areas make it difficult to acquire multi temporal doud -
free immges for identifying the flooding and rice
transplanting at paddy fields (Xao @ o -, 2002) .
Satellite data are commonly used to nonitor changng
ecological conditions over miltiple years using an inter -
calibrated Nornmlized Difference Vegetation Index
(NDVI) (Anno et d -, 2000) , however NDVI data
platfor ns LULC
dassifications in a rice land area using lower resolution
data - Gven that many LULC dassification of interest
to rice land mosquito ecologists occur over large extents
but at local scales ‘the level of spatial detail provided
by nost past satellite systens is likely to be sufficient

from nost cannot  generate

for rice land LULC dassification -

Recently there has been a significant advance in
high resoution pdarinetric satellite platforme - The
most well known of the fine spatial resolution satellite
sensors » and regarded widely as the first of this new
era o rennte sensing is Tkonos » launched in 1999.
The Tkonos satellite uses a mitispeciral sensor to
cdlect Hue , green s red » and near infrared ( NR)
bands with 4.0mspatial resolution » providing natural -
color i nmagery for visual interpretation and color infrared
applications ( www spacei naging com) - A significant
event occurredin 2001, withthe launch of QuickBird »
spatial
available curenly ( 0.61 m and 2.44 m spatial

comprising the finest resolution imagery
resolution panchronatic and multispectral i nmgery »
(www digtaldobe com) Ikonos and
QuickBird satellite data can be used to display LULC
data associated with the

respectively )

mapped features for
identification and characterization of urban larval
anopheline mosquito hahitats ( Sthiprasana e d - -
2005) .

Gven that Tkonos and QuickBird observations are
at a spatial scale equivalent to rice fidld neasureneris -
the i mplications for rice land nosquito contral strateges
are significant - A quantitative LULC assessnent using
fine resolution satellite data may spatially target highly
productive anopheline aquatic habitats and help direct
resources for developing an integrated vector
managenent (IVM) based on hahitat variahility -
Therefore the objective of our study was to compare
087
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Ikonos and QuickBird data for identification of An -
arabiensis Patton aquatic hahitats in three rice agro -

village ecosystens using several renntely neasured rice
land LULC dassifications -

2 Mterial and nethodd ogy

2.1 Study sites

The studies were conducted 100km north east of
Nairohi > in Kangchiri » Kuria and Rurum village
Mwea Rce Schene ; Mwea
occupies the lower altitude zone of Krinyaga [strict in

within the Kenya -

an expansive lowlying formally wet savannah
ecosystem - The Mwea rice irrigation schene is located
inthe west central regon of Mwea [ivision and covers
an area of abou 13 640 ha . More than 50%0 of the
schene area is used for rice cultivation - The remaining
area is used for subsistence farming, grazing and
commuity activities or remeins cose to its origina
state - The mean annual precipitation is 950 mm with
maxi mumrainfall occurring in April /May and October /
November - The average tenperatures range from 16~
26.5°C. Relative hunidity varies from 52%~67%.
Rurumi is located at the central west regon of the
scheme and has 225 honesteads and 900 residents -
Kangchiri and Kuria are located in the north east of
the schene and have approximately 150 and 222
honesteads respectively with over 650residerts in each
village - Cows » goats » chickens » and donkeys are the
primary donestic animals which are generally kept
Over 90%0 of the houses
have mud walls with iron roofing -

within 9 m o nost houses -

The drainage systems of the study sites are divided
The first is the Nyanindi drainage
system consisting o three nmin canals of which the

into three parts -

parent drainage river is the Murubara - The second is
the Thiba drainage system conyrising five main canals
and two branch canals of which the parent river is the
The third is a

drainage system conposed of some collector drains

Kiruara » a branch of the Tana River -

which evacuate the drainage water directly into the
parent Nyamindi and Thiba rivers - In addition ; some
These

snall streans constitute mnor irrigation water sources

+ 88

small streans also run through the study sites -

and natural drains - Al imigated soils in the three
study sites are typical black cotton soils (i - e -
The land slopes in the direction of
northwest to southwest with an average gradient of about

vertisoils ) -

1:140. The discharge measurenert of water resources
is carried out at the gauging stations located © km
upstreamfromthe Thiba head works - The far m roads
are developed well along main and branch canals
dlowing transportation o agicdtwral inputs and
products and human hahitants - Existing net works of
irrigation and drainage systens are separated in each
study site -
2.2 Paddy cultivation

As in many Fast Arican farm areas ; rice
cultivation is not synchronous in the three sites - The
rice plants in the study sites usually take 376 nonths
from ger nination to matwrity » depending on the variety
and the environment under which it is grown - It is
converient to regard the life history of Mwea rice plants
interms of three growth stages : vegetative reproductive
and ripening - The vegetative stage refers to a period
from germination to the intiation of panicle
(prinordial ) and is preceded by the reproductive
stage » from panicde prinordial initiation to heading
and later by the ripening period » from heading to
matwity - A 120day variety indudes 60 days in the
vegetative stage » 3Udays in the reproductive stage and
30days in the ripening period -
2.3 land preparation

The paddy field is pre flooded with about 12¢mof
water before rotation - Farmers prepare their own
nurseries within their paddy plots -
the number o seedingis 34 per hil . and planting
density is 20~~30hills per m’. Some crop seasons the
density of 100Hills per m’ ( 10em X 10¢m) is used -
Amnonium sulphate and triple super phosphate are
applied a a rate o 90 kgl}a and 125 kg/ha ,

respedtively as basal fertilizers about O days before

For transplanting

transplanting - The actual amount of water used by
far mers for land preparation and during the crop growth

much higher than the actual field
requirenrent - Paddy farners often store water in their

period is

fields as a back up safety measwre against urreliahility
in water supply - Also ; there is often field to field
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irrigation - This leads to a high ampunt o suface
rundf  seepage and percolation accounting for about
50~80percent of the total water input to the field -
2.4 Larva samyling data

Paddies and canals located within a lkm buffer in
the three study sites were identified and mapped using
a (Sl Wreless differentially corrected  gobal
positioning systens ( DGPS) Max receiver with an
Omi Sar LBand satellite signal which has a
positional accuracy of less than 1 m ( Advanced
Computer Resources Corp ( ACR) , 100 Peri neter
Road Nashua, NH, USA) . Water bodies were
inspected for nosquito larvae using standard dipping
techniques with a 350 mL dipper to cdlect the
mosquito larvae ( Service » 1993) . The number of
dips per hahitat was a function of hahitat size (e - g -

paddies 0.3~1.0hectare) and ranged from 15to 25.
The larvae were preserved placed in whirl pack bags
and transported to the Mwea - Research Sation for
further processing - Anopheline larvae were separated
from culicine larvae ; preserved in absolute ethand and
later identified mcroscopically to species ( Gllies and
Coetzee » 1987) . The characteristics of each aquatic
hahitat as shown in Table 1 were also recorded - A
subset of the larvae of the An - gandice conplex were
identified to siHing 3lspecies using Polynerase Chain
Reaction (PCR) technique (Scat et o -» 1993) .
2.5 Hhhitat base Tmpping

Base mmps for this study incduding major roads
and hydrography for the three study sites were created
using the DGPS data in Arclnfo 9.1% (Earth Systens
Research Institute Redlands ; CA, USA) from DGPS

Tab -1 Categories of hahitat descriptions and nosquito data used for the Kangichiri » Kuria and Ruruni Study sites

Ttens Abbreviation (assification

Hahitat type HABTYP 1=paddy » 2=canal » 3=pod , 4=marsh, 5=hoof pirt . 6=ditch, 7=seep

Hahitat nature HABNAT O=natural » 1=man nmade

Tistance to nearest house DISTHSE 1=0~20p, 2=21~40p, 3=41~60p, 4=>-60

Tistance donestic ani nals DOMAN 1=0~20m, 2=21~40m, 3=41~60m, 4=>>60

Vegetation VEG 0=hone » 1=present

Shade SHADE O0=none , 1=present

Energent vegetation EMERG O=none » 1=jresent

Puddy cctegery PADCAT 1=post transplant , 2Tillering » 3=hoot , 4=flower hmturation » 5Fallow ,
6=looded > 7—ploughed

Rice height RICEHGT neaswred in cm =

# tillers TLLER Count =

Organic mtter ORGMAT O0=none , 1=plant » 2 ani ml

Turhi dity TURB 0=no , 1=low: 2=high

Depth DEPTH measired in cm =

Canopy CANOP nmeasured as a /0=
1=dragorflies » 2 =backswi mners ; 3 —tadpoles ; 4 =beetles » 5 —flies » mggot /

Aquatic ani mels AQUAN wigders , 6=nites , 7=fish . 8=heniptera , 9=none , 10=snails , 11=chironomus ,
12=nidges

Pollution POLL measred as a /0=

Substrate SUBS I=mud, 2=sand, 3=gravel fock » 4=concrete ; 5=tubber » 6=lastic

Adlla AZOL, O=none » 1=1%~25%, 2=26%~50%, 3=51%~75%, 4=76%~100%

#ips DpPs #=

Anopheles larvae ANOPH L1=L2=L3=L4=

Pupae PUPAE #=

089 o
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(Hate [ll) . Each rice land An - arabiensis larval
hahitat with its associated land cover attributes from
each study site were emtered into a Vector Coniral
Manage nent System® (VCMS) ( Advanced Conputer
Resources Corp ( ACR), 100 Perimeter Road
Nashua » NH, USA) database - VCMS supported the
nohile field data acquisition in each study site through
a  Mcrosoft PocketPC™. Al
synchronizing of data » geocoding » and spatial display
were processed using the enbedded (S Interface Kit m
that was bult using ESRI s MapObjects Ztechndlogy -
The VCMS database plotted and updated DGPS ground
aquatic larval  habitat
infornation and supported exporting data to a spatial

two way » renmte

coordinates  of seasonal
format whereby any combination of rice land larval
hahitats and supple nentary field data in the three study
sites were exported in a (IS as a shape file for nat -
2.6 Rennte sersing data

The information  ohtained
encompassed wavebands 1 ( 0.45~0.53 tm), 2
(0.54~0.61 ), 3 ( 0.64~0.72 ) and 4

from  Tkonos

(0.76 ~0.83 Hn) was acqured Juy 21, 2005.
Ikonos visible and near infrared ( NR) bands data
were colleded in an 8hit format - The sun-
synchronous Ikonos orhit provides dobal coverage
consistert access tines » and near nadir viewing anges

(Tabe 2)
miltispeciral  products

(www space imaging com) - QuickBrd
provide four discrete non -
overlapping spectral bands covering a range from 0.45
to 0.72 Um vith an 11hit cdlected infor nation depth -
The QuickBird i mage enconpassingthe visihle and NR
band and was acquired Juy 15, 2005. Infor mation
fromvisible and N'R channels can distinguish mosquito
aquatic  hahitats  ( Wood e o -, 1991).
Digtal Qobe s QuickBird satellite provides the largest
swath width » largest on board storage - and highest
planned
comnercial satellite (www digtaldobe com) (Table
2) . Ody the data from the doud free dearest
cortiguous sub areas of the rice village conplex were
used - Both satellite datasets were dassified using
the Iterative Self (rganizing Data Analysis Technique

resoluion of any curenilly available or

Tab -2 Characteristics of QuickHrd and Ikonos orhital sensor syste ns

Satellite QuickBird Tkonos
Launch date October 18, 2001 September 24, 1999
Launch vehide Boeing Delta 11 Boeing Delta 11

Launch location Vandenberg Air Force Base Ca USA

Qrhit altitude 450km

Orhit indlination 97.2 degree - sun synchronous
Speed 7.1kmb

Equator crossing ti me 10, 30a -m- (descending node)

Orhit ti me 93.5 ninutes

Revisit ti me

Swath width 16.5kmat nadir

Metric accuracy 231reter horizontal ( CE 90%0)

1~3.5days depending on latitude ( 30°off nadir)

Vandenberg Air Force Base Ca USA
681km

98.1degree » sun synchronous

7.5kmb

Noninaly 10, 30a .m- solar ti me

98 minutes

Approxi mately 3days at 40 latitude
11.3kmat nadir 13.8kmat 26°off nadir

23meter horizontal ( CE 90%0)

Digitization 11hits 11 hits
. Nadir . 0.82  neters panchronatic 3.2 neters
Resol ution Pan: 6lem (nadir) to 72em ( 25 off nadir)
multispectral
. 26" (ff Nadir » 1.0 neter panchromatic ; 4.0 neters
MS: 2.44m (nadir) to 2, 88m ( 25 off nadir)
multispectral
Pan : 450~900nm; Rue ;: 450~520nm; Rue : 455~516nm; Geen : 506~595nm ;
Imge Bands

Near Infra Red (NR) 760~900nm

Green ; 920~600nm; Red : 630~690nm

Red ; 632~698nm

Near Infra Red (NIR) : 0.757~0.853nm
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(ISODATA) unsupervised routine in ERDAS Iragine
v8. ™ ( Alanta. USA ). The
dassification assigned the signatures automatically
generated by the ISODATA algorithm ( Huang » 2002
for renote identification of nosquito aquatic hahitats

supervised

(Jacob e d -, 2005) . The geographic projection
used for all of the spatial datasets is the Universal
Transverse Mercator ( UTM) Zone 38 datum WGS -84
projection -
2.7 LULC halitat characterization

LULC dassification used for assessing the satellite
data of the paddy hahitats in the three study sites was
based on the rice stage of developnent - (D
Poughing : field preparation prior to transplaniing of
rice seedlings - ( 2) Hooding : compised of areas of
intensive use with much of the land covered by water -
( 3) Post transplanting : A period fdllowing rice
seedlings transplanting - ( 4) Tllering : extends from
the appearance of the first tiller until the maxi mum
tiller ( 99 nunber is reached - Sem elongation
oceurs and the tillers continue to increase in number
and height » with increasing ground cover and canopy
formation - ( ©) Howering and matwration : the stage
plants stop growing and orient towards the devel opnent
of the panicles and grains (water is drained) » and in
which plants senesce and their water content drops -
The flowering /et uration phase indudes the pamnide
initiation » booting » heading and flowering stages -
Harvesting occurs 120 ~ 150 days post transplanting
when the grains fill s turn yellow and the plants
senesce - ( 0) Fallow /post harvest : After harvesting
the land is left bare waiting the next crop cycle -
2.8 Nigtized grid

A digtized custom grid tracing each riceland for
An - arabiensis aquatic hahitats were generated in Arc
Tnfo 9.1%. A unique identifier was placed in each
gid cel (i- e- pdygon) - The digtized gid
extended ot to a 1 km distance from the external
boundary of each village providing a lkmradial area -
2.9 Canal vegetation spectral analyses

Additionally » canal hahitats were examined for
abundance and distribution o  Anopheles aquatic
hahitats using QuickBird and Ikonos visile and NR
data - The digtized grid overlaid on the satellite data

was used to calculate the measure of spatial complexity
and corfiquration of vegetation within each canal
hahitat - Rice land hahitats frequently comprise a
mxture of vegetation soil and water each of which nmy
have a different spectral response ( Huang. 2002) .
Using variations in canal hahitat vegetation in each
study site were assessed into smaller subsets -
2.10 Data analyses

Due to the variation in the number of dips
collected per hahitat based on the size ; we based our
results on the number of larvae colected per dip - The
entonologcal variable was total rice land anopheline
We performed an ANOVA test to compare the
differences in larval abundance bet ween different paddy
An independent sanyle
ttest was used to compare differences in larval
abundance between paddies and candls as well as
between vegetated and non vegetated canals - We

larvae -

categories in each study site -

exanined each QuickBrd and Ikonos grid cell unt in
each study site to deternmine the ampunt of grid cell
variation for rice land An - arabiensis aquatic hahitats -
Robust standard errors were used because data were
cdlected at both the 0.61 mand 4.0 m pixel level -
An dpha level
signficance - Al data mmnagement and calcuations
were performed using SAS 9.1.3% (SASinc - Carey »
NC. USA) -

o 0.05 was used to indicate

3 Resuts

We screened "the QuickBird and Ikonos i mages
to determne location of rice land all paddy and canal
hahitats - The QuickBird visible and N R data capiured
each paddy by study site and strata (Hate IV-2) .
The Tkonos visihe and NR data was also able to
identify any rice land aquatic hahitat by study site or
strata (Hate 1V-1) . QuickBird and Tkonos visiHe and
NIR bands were able to spatially distinguish levels of
canals and their surounding vegetation in the study
sites -

The QuickBrd and lkonos visible and NLR data
identified each paddy hahitat by study site and strata -
The abundance o I' instar larvae kip colected in
Riruni and Kangichiri study sites was 0.99and 1.95,

o 91 &
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respectively and significantly lower than 4.81lin the
Kuria study site ( F =5.16, ¢ =2, 751, p <<
0.0)) . Snilarly » the abundance of 2" instar larvae
differed significantly anong villages with that of 0.66
inthe Rurun study site being significantly lower than
1.09or 2.1lin Kangchiri and Kiuria study sites »
respectively ( F =3.79, ¢f =2, 751, p<<0.05) .
The abundance of 3‘ and 4" instar larvae as well as
that o pupae did not differ significantly among villages
(F=1.64, 0.97and 1.04, gf =2, 75, p >
0.05 . Tabe 3shows the abundance of rice land An -
arabiensis larvae /20 dips colected in the paddy and
canal hahitats at the 3study sites - In the Kangchiri
study site > the difference in the abundance of pupae
and I', 2% and 3'instar larvae collected in paddy
and canal hahitats was not significant ( P = 0.05)
while that of 4"instar larvae was siguificartly higher in
the paddy hahitats than in the canals ( F =5.19, ¢
=1, 179, p <<0.05) . In the Kuia study site
significantly higher abundance of 3'instar larvae were

cdlected in the candls ( F =4.68, ¢ =1, 179, p
<20.05) while the other i mmsture stages did not differ
significantly bet ween canal and paddy hahitats - In the
Rurumi study site » paddy hahitats had significantly
higher abundance of I' and 2' ‘instar larvae compared
with the canals ( F =5.60and 3.94, ¢ =1, 188,
P<<0.05 but the other i mmmture stages did not vary
significantly bet ween paddy and canal hahitats -

The distribution of larvae inrice fields at different
stages of the rice cyde is shownin Tahe 3. Six stages
o rice growth were identified in each of the three study
sites by the QuckBrd and Ikonos visibe and NR
data - An analysis of variance test indicated the relative
abundance of i mmature stages of An - arabiensis at the
three study sites to be significanily higher dwring the
post transplanting and the tillering stages of the rice
growh ( P <<0.05) . In the other rice stages » the
immature stages of An - arabiensis were either absent

or occurring in low nunbers (Table 4) -

Tab -3 Abundance of An - arabiensis larvae in paddies and canals identified using
QuickBird 0.61 mand Ikonos 4.0 mvisibe and near infrared (NIR) data

Hahitat

No - of

Proportion positive for

Village ) M instars 24 i nstars I instars 4hinstars Pupae

type hahitat Anopheles larvae

Kangi chiri Paddy 160 57.10 1.6440.38 1.1840.25 0.2440.13  0.0040.00  0.4040.13

Canal 135 42.90 2.2841.16  0.9940.25 0.1740.10  0.07£0.03  0.17+0.05

Kuria Paddy 122 62.80 5.50£2.00  1.83£0.59  0.144£0.07  0.372£0.35  0.2740.11

Canal 69 37.20 3.66+0.85  2.59+0.85  0.4040.10  0.04=£0.03  0.1940.09

Ruruni Paddy 106 68.60 1.4240.34  1.124+0.45  0.0840.04 0.054+0.03 0.1640.11

Canal 98 31.40 0.59+0.12  0.23+0.07  0.1140.04  0.01£0.01  0.04+0.02

The relative abundance of rice land An -
arabiensis larvae in vegetated and non vegetated canal
hahitats identified by the QuickBird and Tkonos visibe
and NIR data andihe statistical conparisons of larval
abundance bet ween the two categories are represented
in Tables and 6in the Kangichiri study site - the
relative abundance of ' and 2" instar larvae was
significantly higher in non vegetated than vegetated
canals while the differences in the other aquatic stages
was not significant - In the Kuwria study site , the
abundance of all the 4larval instars of An - arabiensis
was significantly higher in non vegetated canals whereas

092 0

inthe Rurum study site » the sane trend was ohserved

for the 2“and 3'instar larvae -

4 TDiscussion

Results of this study denonstrated QuickBrd 0.61
mand Ikonos 4.0mdata can be used for identification
o LULC stages Anopheles aquatic hahitats in a rice
land environnent - QuickBrd and Ikonos visible and
NI R bands visualized the study sites with great details -
and facilitated identification of al rice land LULC
dassification - The canal hahitats vegetation cover was
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easily distinguished in the Ikonos and QuickBird imge
(Rate IV-h and Rae IV-2) . Spedral regons of
paddies were separated by color differences (e - g-
flooded (dark Hue tone) and (Hate V-1 and Hate
N-3) . In both satellite datasets canal vegetation
generates shades of green in the rice fields - The

spatial resolution of newer satellites can allowfor exact
recognition of broad vegetative types ('Thenkabail e
d -» 2004) . Post transplanting LULC had the nost
hahitats positive for An - arabiensis larvae in the three
study sites -

Tab -4 Imnmture stages of An - arabiensis samped in paddies containing different stages of
rice growth wing a QuickBrd 0.61 mand Ikonos 4.0 mvisile and near infrated (NIR) data

Village Paddy category v ) o Minstars 24 ingtars 3 instars A ingars Pupae
habhitats

Kangj chiri Poughed 25 1.41 0.95 0.09 0.00 0.36
Hooded 23 1.67 1.10 0.30 0.00 0.36

Post transplanting 30 6.02 3.00 1.89 1.20 0.99

Tillering 28 8.00 6.67 2.00 3.22 0.67

Flowering Joet uration 27 0.01 0.00 0.02 0.01 0.00

Fallow 27 1.00 0.67 0.00 0.00 0.01

Kuria Poughed 22 0.00 0.00 0.00 0.00 0.00
Hooded 23 1.23 0.65 0.07 0.01 0.0

Post transplanting 21 5.58 1.63 0.17 0.51 0.19

Tillering 22 8.50 5.25 0.25 0.25 1.25

Howering Just uration 20 0.02 0.00 0.01 0.0 0.00

Fallow 14 0.03 0.01 0.0 0.01 0.00

Ruruni Ploughed 18 0.00 0.00 0.00 0.00 0.00
Hooded 21 1.56 1.28 0.09 0.06 0.19

Post transplanting 20 5.73 3.37 1.17 1.03 0.47

Tillering 20 4.91 4.67 1.19 1.11 1.00

Flowering It uration 15 0.00 0.00 0.00 0.00 0.00

Fallow 12 1.17 0.00 0.00 0.00 0.00

QuickBrd 0.61 mand Tkonos 4.0 mvisibe and
NR data provided critical  LULC information for
characteriziing highly produdive rice land aquatic
hahitats in the three study sites - We found mosquito
nunbers increased as soon as the paddies were flooded »
rising to a peak when the rice plants were small .
before declining when the rice plarts cover the suface
o the water generally in the late tiller stage - S milar
findings have been reported previously (Surtees 1970;
Snow 1983; Lindsay et o -+ 1991) . The open sunlit
pods created by rice workers during transplanting have
been hypothesized to favor the breeding of An -

arabiensis ( Mitero et a -, 2000) . In addition , as
the rice canopy cover expands following tiller for mation
and increase in rice height ; the paddy hahitat become
unsuitable for this species - Increased rice canopy
cover may reduce the anpunt of sunlight reaching the
Reduced
tenperature causes a decline in microhial growth upon
which mosquito larvae depend on (Rao , 1984) . In

addition rice plants may obstruct this species from

water surface resulting in lower tenperatures -

ovipositing considering its preference for open sunlit
hahitats ( Rajendran and Reuben . 1991; Shililu et
d -, 2004 .

¢ 93 .
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Tab -5 Average number ( i‘SE) of An - arabiensis 1arvae in vegetated and non vegetated canals identified using
a QuickBird 0.61 mand Ikonos 4.0 mvisibe and near infrared (NIR) data

Village Vegetation Finstars 24} nstars I instars 4 netars Pupae
Kangj chiri Present 1.20+0.31 0.8740.21 0.0040.00 0.0040.00 0.0040.00
Absent 24.50424.50 3.5043.50 0.1840.10 0.0740.03 0.1740.05
Kuia Present 0.0040.00 0.00=0.00 0.0040.00 0.0040.00 0.00=0.00
Absent 3.834088 2.7140.89 0.7240.11 0.5+0.03 0.20+0.09
Rurum Present 0.440.17 0.10#£0.10 0.00=£0.00 0.00#£0.00 0.00=£0.00
Absent 0.6440.14 0.27+0.08 0.1440.05 0.0140.01 0.05+0.03
Tab -6 Statistical values comparing the differences in An - arabiensis larva
demsities bet ween the vegetated and non vegetated canals
Kangjchiri Kiwia Ruruni
Stage
7 4 Sig - 7 4 Sig - 4 4 Sig -
Finstars 134 22.22 0.00 68 0.86 0.03 97 0.87 0.35
24} nstars 134 4.97 0.03 68 0.43 0.04 97 3.75 0.05
3 nstars 134 0.15 0.70 68 0.68 0.04 97 0.02 0.04
M ntars 134 0.23 0.64 68 0.08 0.06 97 0.01 0.93
Pupae 134 0.60 0.44 68 0.22 0.64 97 0.35 0.55

Deternining spatial heterogeneity in larval hahitat
distribution can have i mportant operational significance
because vector contral operations can be designed to
target zones where high densities of nmlaria vectors are
found - Treat nents or habitat perturbations shoud be
based on surveillance of larvae in the most productive
areas of the agro ecosystem and adjacent village (Gu
e a -, 2005). The spatial pattern of larval
productivity within a rice village conplex can dictate
where  microbial applied -

anophelines in rice agriculture are considered to feed

larvicides — are Since
pri marily on the water suface it is critical to coledt
empirical data on this behavior in rice land LULC
sites - Laboratory studies should test Aquabac®0r
Vectobac * ( Bacillus thuringiensis var - israelensis -
Bi) and Vectdex * ( Bacillus spaericus Bsph) ratios
to determne lethal conceniration paraneters on all
highly productive rice related Anopheline aquatic
hahitats - Overall product design goals may indude :
high efficacy based

susceptihility to bacteria toxins » minimal inpact of

and

on feeding behavior

ultravidet radiation on efficacy ; ease o use through
convertional application equipnent > and cost prdfile
Fna candidate

simlar  to other larvicides -

e 94 .

formilations may be evaluated in village scale tests -
For conirol ; we assune that treatnents applied to
individual hahitats are 10070 effective in eli mnating
al immatures ;> i - e - treated hahitats produce zero
contribution to the total productivity -

An unsupervised algorithm using QuickBird and
Ikonos visihe and NIR data in Arclnfo 9-1®provided
informative LULC data for rice land Anopheline hahitat
suitahility in the three study sites - However » one of
the nost i mportant considerations of satellite data is the
increased error in geo referencing on a pixel by pixel
basis -

adding and ratioing map values

Ardrfo 9.1% overlay operations involving
which requires
application of the operation to each pixel ;inturn ; the
problem of error propagation such as location errors
through the use of these operations may be relevant to
Adrfo 9.1%. The presence of location error
interading with the spatial structure in the source
maps » the presence of spatial correlation in the errors
of the attribute measurement process > or indeed their
simitaneous presence are capable o generating
spatially complex maps of propagated error (Jacob et
d -, 2003; Jacob e d -, 2005) . Inadequate
geographic coud have resuted

registration in
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nisdassification and subsequent underesti nation or
overesti mation of the extent of satellite data coverage in
the three study site - Fach scene was co regstered to
matching scene and the maxi mum likelihood algorithm
used the pixel classification on all the satellite data -
However , the bands within the satellite data may have
failed to capture all spatio tenporal topographic cover -
Also » seasonal variation in water level can alter land /
water interface depiction » which can lead to mnis -
regstration of LULC at those sites - For exanple » the
honogeneity of the LULC can affect a particular pixel if
an area of high reflectivity » such as flooded ; is next
to an area of low reflectivity > such as fallow s creating
an 78 average value that mmy be confused with 79
another LULC. As such, the acual reationship
bet ween LULC and rice land nosquito larval habhitats
deserves further darification through continued field
and satellite studies -

In condusion » the QuickBrd 0.61 mand Ikonos
4.0myvisibe and NR data identified every paddy and
canal hahitat by rice land LULC in the three study
sites - An LULC dassification of a muiltispectral
QuickBrd and Ikonos rice land innge can dearly
identify highly productive riceland An - arabiensis
aquatic hahitats - Mosquito surveillance systems based
on QuickBrd and Ikonos data can provide early
warning as well as crucial LULC and larval abundance
data for targeting effective efforts -
QuickBird and Tkonos visihe and NIR data can be used

to develop and inplement a rice land IVM program

prevention

based on hahitat productivity - Inthe presence of either
genotypic or behavioral adaptation of the anopheline to
rice land environmeris » oviposition preferences and
larval developnent strategies may change (Khambea et
d - 1994; Chinery » 1995) . Therefore it is crucial
to continue to determine further accurate rice land
LULC and aquatic hahitat infor nation using QuickBird
0.61 m and Tkonos 4.0 m visile and NR data to
determine rice land hahitats which are nore likely to
produce a greater abundance of vectors and prommte
vector host interactions - Continued exploitation of
QuickBrd and Ikonos data can reduce the standard
error of estimates and increase the power of LULC
nodels correlations  and

generated to  detect

relationships  between  man Tmde  aciivity and

entonologc factors in a rice village agro ecosystem -
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1. Ikonos 4.0 m image of Kangichiri rice-village complex;

2. QuickBird 0.61 m mage of Kangichiri rice-village complex.
a: Canal vegetation with land preparation LULC; b: Flooded paddies.
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Base map of the Kangichiri, Kiuria and Rurumi study sites in the Mwea Rice Scheme, Kenya
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