JVect BorneDis42, June 2005, pp 45-53

Life-table analysis of Anopheles malaria vectors. generational
mortality astool in mosquito vector abundance and control

studies
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Background & abjectives: Vector control will for sometime remain a primary weapon in the war
against vector borne diseases. Malariais of paramount importance in this with its associated high
morbidity and mortality especially in sub-Saharan Africa. This study on generational mortality as-
sociated factorsin Anophel es mosguitoes life-table analysis was designed to investigate the fecundity,
levels of mortality and mortality associated factors at the aquatic stages of anopheline malaria vectors.

Methods: Mortality associated factorswereinvestigated at theeggs, | and Il instar larval, 111 and 1V
ingtar larval and pupal stages of two anopheline speci es—Anophel es pseudopunctipennis (Theobal d)
and An. gambiaelife-cyclesin screen cages. Adult mal eand femal emosquitoeswere membranefilter-
fed and algaein culturemedium formed the bulk of food substancesfor thelarval stage. Environmental
temperatureof culture media, pH and some associ ated physi o-chemical factorswereal so determined.

Results: Results showed significant mortality rates at various aquatic stages. Infertility, cannibalism
and environmental factorswerethemajor factorsresponsiblefor mortality at theegg, larval and pupal
stages respectively.

Interpretation & conclusion: The aquatic stages of Anopheles mosquito mortality factor K and the
mortality factorsat the various stagesinvestigated k, k,, kg and k , are discussed. Our recommenda-
tions include further studies on the possible genetic modification of predacious An. pseudopuncti-
pennis larvae and/or its modification for the production of sterile/infertile eggs as possible alterna-
tivesin thereduction and control of anopheline malariaburden.

Key words An. gambiae — An. pseudopunctipennis — generational mortality — life-table analysis— Nigeria — vector

abundance — vector control

Vector control isand will for sometime remain a pri-
mary weapon in malaria control asit is known that
malaria could be eradicated from an area by greatly
reducing the mosquito popul ation. Before the devel -
opment of resistancein the past, the use of chemical
pesticides and insecticides against mosquito vector
species was amgjor break through in the control of
malariain many endemic areas of theworld including
tropical Africa. Thiswas before the devel opment of
resstancein themiddle of last century®2.

Generally anti-vector measuresin maariacontrol am
at a cost-effective reduction of the vector abundance
and itstransmission potentials below the critical leve.
Current available measuresincude those which target
decrease in vector abundance, vector-human contact
and vector survival rates. Alsointegrated control mea-
sures devoid of over amplification of a single method
that may not effectively be implemented on alarge-
scale and community involvement in malaria control
programmes have been recommended.
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Thereduction of mosquito breeding has been achieved
in saveral areasthrough communities effort by the de-
struction of the aquatic stagesin mosquitoes breeding
cycle Theseincludetheuseof larvicides. Larviciding
is of immense benefitsin mosquito population reduc-
tion, but it is beyond most healthcare programmes on
account of the skill, expertise, good judgement, equip-
ments and transport required for itsimplementation.
Most often mosquito breeding sites around villages
(ponds, pools and streams) and water collection in
drums, bowlsand potsin and around houses are used
as source of domestic water supplies”.

Since vector abundanceisacritical factor in the mos-
quito—malariacycle, generationa life-table tudiesis
expected to be a useful tool in malaria early warning
systems for the purpose of forecast, early warning,
early detection of epidemics and intensity of disease
prevalencein holoendemic aress.

The objective of the current work isto determinethe
types and rates of mortality that occur at the aquatic
stages of mosquito life-cycles, the factors associated
with such mortality and the relationship (physical/
physio-chemical) that exist between the breeding envi-
ronment and the aquatic mosquitoes mortality rates.
Thisiswith aview to know possible cost-effective
measures and stages of intervention in control of mos-
quito breeding Stes.

Material & Methods

The study areafor the research isthe Esan/Etsako re-
gions of Midwestern Nigeria, located between ap-
proximately latitude 5° 44’ N and 7° 35 N; and long-
tude 5° 4’ E and 6° 43’ E and covering an estimated
area of 20,000 km? with a projected population of
2.8 million by 2004 (at a 3.37% growth rate) from
1991 popul ation census®S.

Mosquito cultureswere set up in five different locations
of thethree ecological foci subdivided into areas of
high human activities (AHHA) and areas of derived/
secondary vegetations (ADSV) chosen for the sudly.

Mosquito cultureswere set up in apilot study using
four different containers—clay pots, metal cans, plas-
tic wares and bamboo stumps — detailed description
of the ecological zonesare as presented in an earlier
report by Okogun et al4. Mosquito larval species
wereidentified and differentiated using published keys
of Chandler”19, Environmental temperature, rainfall
and reative humidity were monitored during the study
as presented in a separate report!L.,

A total of 10 male and 10 female larvae of An. pseu-
dopunctipennis and An. gambiae pooled from cul-
tures above were transferred into a beaker containing
some algae rich mosquito larval breeding water. The
specieswere bred in separate screened cages to adult
in the univergty insectary. Cultureswere set up within
the cages using same breeding materials above and
nutrient-containing water where fed, mated and gravid
femal e mosquitoes could easily have accessin order
to ovipogt while preventing any interference.

The femal e adult mosguitoes were membrane-fed ac-
cording to the method of Higgs and Beaty!2. A mini
membrane feeder was prepared according to the
method of Mourya et al13. The maleswere observed
to die out after sometime, probably after mating. After
two weeks the number of adult mosquitoesincreased
and a base line count of eggs and larvae generated
was made. Eggs laid were subsequently counted ev-
ery 2—3 days and then transferred to experimental
containers made of plastics, earthenware materials,
bamboo stumps and metal cans kept in netted emer-
gence cages measuring 60 x 45 x 45 cm to enable ef-
fective monitoring of the developmental stages,
through the aquatic stagesto the adult stagesand also
to prevent entry of other mosquitoes.

First and second instar larvae stages and, |11 and 1V
ingtar larval stages were grouped and counted. Pupal
stages were extracted and counted in petri dishes us-
ing capillary tubes. They wereall returned into the ex-
perimental containers after each count. The counts
from all the locations of each focus were recorded
and pool ed together for that focus. The datafrom the
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microhabitats and foci were recorded and the process
repeated fortnightly—the estimated duration for the
completion of each generation. A generation was de-
fined by the method of McHugh# asthe duration of a
gonotrophic cycle from the emergence of one young
adult to another. Thiswas calculated to take 14 days
in the study area. The counts were recorded for 24
generations (oneyear) for calculating alife budget and
analyss. Thekey life-table components for eggs, lar-
vae, and pupae were recorded. The differencesin
mortality (losses) due to life-table component were
determined. Thelog number dying at aparticular Sage
and the mortality factorsky, k,, k; and k,, were deter-
mined. The k factor was calculated to represent the
entire generation mortality rate by the method of Bay-
oh and Lindsay™®.

Thelife-table componentsinvestigated were mortality,
fertility, pathogenicity, predation, cannibalism and en-
vironmental factors, egg losses were denoted askj .
Fertility and failure to hatch were investigated by mi-
croscopi ¢ examination for wrinkled outer casing and
used asa primary Sgn of infertility and immeaturity (in-
fertility due to female not mated). Pathogenicity and
predation in eggs were investigated by microscopic
and bacteriological examination of cultures. Microsco-
py revealed predating microbial and fungal organisms
while broad spectrum isolates of mosquito cultures,
were sub cultured and isolates bred out to obtain pure
cultures of detected organisms that were inocul ated
into experimental medium containing mature, and fer-
tile eggs for the detection of mortality. Culture and
bacteria species isolation were done by the method of
Stokes and Ridgway®. Resultant infertility (mortality)
of mature eggs was seen as due to pathogenicity.

Asreported by Burton and Burton?’ changesin tem-
perature and pH of the medium were monitored to
determine the effect of non-optimal temperatures on
weskening of the egg shellsand hatching of eggs.

Larval mortality wasinvestigated for outright desth or
failure to moult into next larval and pupal stages.
Predators were investigated for by visual and micro-

scopic examination of culture media. Deposits recov-
ered were separated into different petri dishes for
easy examination. Larger invertebrates were also
sought for.

The causes of cannibalismin | and Il instar larvae
were also studied. At low or lack of algae (preferred
food substances) 111 and 1V ingtar larval stages of An.
pseudopunctipennis showed predatory activities on
its specieslarvae and other mosquito larvae speciesin
experimental cultures. Deathsduetolow oxygen ten-
sion at high algae concentration was also observed.
Biochemical anaysis of the culture mediawas carried
out and the number of larvae dying relative to bio-
chemical changes observed. At thelarval stagesenvi-
ronmental (water) temperature was monitored. At
temperature below 24°C larvae were observed to
have ddayed moulting, such larvae wereregarded lost
inthat generation.

Pupal mortality wasinvestigated for outright death or
failure to emerge as adult mosquitoes (denoted k ).
Predation at pupal stage was investigated by micro-
scopi ¢ and macroscopi ¢ examinations of isolated pre-
dating organisms. Contents of the cultures were sepa-
rated asfor larva. Further investigationsindude assess-
ment of damage or impairment of any of the organses-
pecidly thewing part of the pupa. Failureto emergeas
adult wasinvestigated for pathogenicity aswas donefor
eggs and pathogenic organisms causing damage to
pupa functional part wasisolated. Effects of environ-
mental factors on pupae were determined asfor larva

Results

Tables 1 and 2 show the life-table analysis of An.
pseudopunctipennis and An. gambiae for 24 gener-
ations respectively. The mean eggs per generation for
An. pseudopunctipennis was 2273 + 224.9 and that
for An. gambiae was 2227+ 226.43.

The mean eggs infertility recorded for An. pseu-
dopunctipenniswas 1723 + 213.99 and that for An.
gambiae was 1618 + 437. Eggslaid by non-mated
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Table 1. Life-table analysisfor An. pseudopunctipennisat Ekpomafor 24 generations (August 2001-July 2002)

Stagelage Int. x (X) No. aive 1(x) Factor causing dx (fdx) No. dyingat X (dx) Mean mortality rate (kx)
Eggs Infertility Ky
Total 54546 41349 1348
Mean ~2272.75 ~1722.88 0.562
Standard deviation (SD) +224.90 +213.9 +024
Larvaeingtars|+lI Cannibalism Ky
Total 13197 8620 1115
Mean ~549.88 ~359.17 047
Standard deviation (SD) +30.71 +31.84 +0.16
Larvaeingtarslil+1V Cannibalism Kg
Total 4641 2771 9.66
Mean ~193.38 ~115.46 0403
Standard deviation (SD) +784 +10.62 +0.138
Pupae Environmental factors Ky
Total 1846 1192 11.06
Mean ~76.92 ~49.67 0461
Standard deviation (SD) +549 +5.10 +0.185
Adults K
Total 664 46.7
Mean ~271.67 195
Standard deviation (SD) +2.33 037

Tale2. Life-table analysisfor An. gambiaeat Ekpoma (August 2001—-July 2002)

Stagefage Int. x (X) No. aive 1(x) Factor causing dx (fdx) No. dyingat X (dx) Mean mortality rate (kx)
Eggs Infertility Ky
Total 54166 38823 1344
Mean ~2226.92 ~1617.63 0.56
Standard Deviation (SD)  +266.43 +437.00 +0.283
Larvaeinstars|+II Cannibalism Ky
Total 13488 10691 123
Mean 562 ~445.46 0513
Standard deviation (SD) +438.28 +86.72 +014
Larvaeingtarsil+1V Cannibalism Kg
Total 4157 2943 883
Mean ~17321 ~12268 0.37
Standard deviation (SD) +20.33 +25.78 +014
Pupae Environmental factors Ky
Total 1807 1033 89
Mean ~7230 ~43.84 0.37
Standard deviation (SD) +54.12 +5.78 +0.15
Adults K
Total 1045 4347
Mean ~4354 181
Standard deviation (SD) +12.78 +034

Ki34=7 (1-n)log XX, 109X, X, 109 XX, 10g XX Ky = ?Pog ky-n + ?Pog ky-n + ? log kg-n + ?Pog k-n
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females were largely responsible for infertility. The
mean mortality rate at eggs stage (k,) for An.
pseudopunctipennis was 0.562 = 0.24 and for An.
gambiae 0.56 * 0.28 non-optimal temperature and
pH were the environmental factors responsible for

eggs mortdity.

Fig. 1 (a&b) shows the contribution of density to
mortality at egg stage k, for An. pseudopunctipennis
and An. gambiae respectively. Mean larval stages|
and Il harvested for An. pseudopunctipennis was
550 £ 30.71 and An. gambiae 562 + 48.28. The
mean larvae dieing at this stage x (dx) was 359 +
31.84 and 446 + 86.72 for An. pseudopunctipennis
and An. gambiae respectively. Cannibalism was the
key factor causng mortality at thisstage. The mortality
ratesk, were 0.47+ 0.16 and 0.513 + 0.14 for An.
pseudopunctipennis and An. gambiae respectively.
Cannibalism and/or predation were the main factors
responsible for mortality at 111 and 1V instar larval
stages. The Il and IV instar larvae of An.
pseudopunctipennis attacked and fed on themsel ves
and other mosquito larvaein mixed culturesincluding
An. gambiae.

Table 3 shows the pattern of predation exhibited by
An. pseudopunctipennis in mixed experimental cul-
tures. The biochemical indices of the culture media
(water) showed a mean specific gravity of 1-1.5, pH
range of 6.5-7, glucose (+), proteins (+), blood (++),

Na" 0.11-1.7; K* 0.5-1.2 and Cl~ 18-26. Ketone
was negative.

Environmental (water) temperature below 24°C was
observed to delay IV instar larval moulting to pupa.
Such larvae lost in the generation eventually moulted
to pupae with favourable environmenta temperatures.

Environmental factorsincuding temperature and oxy-
gen tension, and predation by various organismswere
identified as causes of mortality at the pupal stage.
Predators and pathogeni ¢ agents causing damage to
pupa organs isolated include Escherichia coli, Pseu-
domonas auruginosa, Klebsiella pnuemoniae, Sa-
phylococcus aureus and Enterobacter species. Oth-
er microbial isolates from the mosquito culturesin-
cludedgae (+++), dliates (+++) and flagdlates (+).

It was observed that |ower temperatures were more
devadtating on pupaethan eggsand larvae. Apparent-
ly healthy pupae not affected by predators and patho-
gensthat failed to devel op to adults were monitored
for temperature dependence as possible causes of
mortality. Such pupafailing to develop to adult at low-
er temperatures eventually did as temperature in-
creased to optimal levels. Pupafailing to mature to
adult at low oxygen tension in high algae containing
medium also eventually matured to adult on transfer to
the medium with sparse a gae concentration. Thiswas
likened to a high degree of eutrophy. Fig. 2 (a&b)

Table 3. Relative proportion of predation exhibited by An. pseudopunctipennislarvae on other mosguito larvae

Time/Algae Ae. aegypti Culex (p) fatigans An. gambiae An. pseudopunctipennis Total
+ - + - + - + —

12h 9 6 12 5 10 6 2 21 28

48h 4 0 7 0 4 2 2 18 26

60h 0 0 2 0 0 2 12 12

Total 9 6 12 5 10 6 2 1

(+) Denote that substrate (algae) added to the media for larva/pupa species to serve as food for the species under consideration;
() Denote that no subgtrate (algae) added. Only the mosquito species served as food for the species under consideration.
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Fig. 1(a&b): Visual plot of K factor analysis for (a) An. pseudopunctipennis & (b) An. gambiae
larvae popul ations at Ekpoma
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Fig. 2 (a&b): Contribution of density of mortality at early larval stages (K) for (a) An. gambiae &
(b) An. pseudopunctipennis development
Note: Theregression coefficient islessthan unity

shows the visual plot of k factors analysis for An.
pseudopunctipennis and An. gambiae popul ations
recorded. Generally there was a higher harvest of the
aguatic stages of mosquitoes and emergent adultsin
the wet months—March—October than in the dry
months—November —February.

Discussion

About a quarter (25%) of eggs generated by each of
the two Anopheles species investigated hatched to |

and Il indar larvd sageswith only 1.5% of thisnumber
becoming adults. Thisis a known characteristic of k
factor reproducing organiams. The high fecundity of the
Anopheles mosguitoes may be associated with itshigh
mortdity rates. Thekey factor responsiblefor mortality
at theegg Sagewasinfertility. A widerange of factorsis
responsblefor eggsinfertility ranging from immeaturity
and infertility dueto non-insemination of thetenerd fe-
male mosguitoes. The determination of the genetic fac-
torsresponsblefor fertility in female mosquitoes and
male insamination in Anophel es mosquito species may
be of importancein the species contral at the egg stage.
The process may be further enhanced by a detail study

and application of method used in the determination of
the genetic factors conferring capacity to feed on
blood meals on female An. gambiae as determined by
Areaet all8,

Abundance of water collection sites, poals, favourable
environmental temperatures (tropical), is a perma-
nent determinant of vectors abundance enhancing the
vectorial capacity of Anopheles malariavectorsin the
study area. Mosquito eggs once transferred out of
water of a suitable pH did not hatch. Water of a near
neutral pH 6.8-7.2 was found most optimal for the
weakening of egg shells for the | stage larva to
emerge.

At thelarval stagethe key factor responsible for mor-
tality was cannibalism. Various attempts at controlling
mosguito breeding by having predators feeds on them
have been reported in the past. These include tiger
beetle Cicindela octogutata by Macfies®, water-
boatman Anusops spp2°, dragon fly nymphs of the
Chorixidae family and tadpoles?!. Others include
larvivorusfish induding Gambusia, Poecilia and Tila-
pia spp, Ctenopharyngodon idella, and parasitesin-
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cluding the nematode Romanomermis culicivorax
and R. xyangari?2.

The predatory capacity of An. pseudopunctipennisis
acontrol method worth investigating. Our finding in
this report confirms earlier report by Cheng et al?3
that An. punctipennis larva a sihbling of An. pseu-
dopunctipennisis a predator of other mosquito lar-
vae. The usefulness of thisas a control method will,
however, depend on the biological marking and genet-
ic modification of thefertility form, astheresulting in-
fertile eggs produced may reduce the malaria burden.
The key factor responsible for mortality at the pupal
sageisenvironmental factors; theseincluderainfall,
gtill water, temperature, relative humidity, cool shade
and absence of pathogenic organisms. Early rainfall
and late rainfall tend to encourage breeding and the
emergence of young adults, recurrent flooding asin
mid-July/August torrential rainsin the area reduce
breeding and young adult emergence. Lower temper-
atures bel ow 24°C delayed pupa moulting.

Thisisamagor determinant of the differencein gener-
ation cycle between tropical and temperate environ-
ments in Anopheles mosquitoes breeding, with a
shorter generation cycleduration in tropical environ-
ments. Cool still water encourage breeding and high
water current and flooding leads to Anopheles spp
larval deaths by reduction of their oxygen tenson and
causing physical harm to the larva. Larvae bred in
cool shaded environment were dark coloured and ro-
bust especially where provided with enough source of
nutrients. Direct sunlight on the other hand had a
bright, dim and in some caseslethal effect on Anoph-
eles op larvae deve opment. Theimplication of ahigh
mortality rate at various aquatic stages in Anopheles
mosquitoes breeding is suggestive of favourable con-
trol methods for the eradication of mosquito species
detrimental to man. Despite the compensatory mecha
nism of high fecundity of the female adult Anopheles
mosguitoes (K reproductive strategy) compl ete con-
trol arewithin reach. Concerted efforts, integrated re-
search and control methods are desired to make such
possible control methods effective.
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