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ABSTRACT

Background & objectives: Although malaria is eliminated from Sri Lanka, there is a possible risk of spread from
infected persons coming from malaria endemic countries. The presence of major and potential vectors in several
parts of the country along with drug resistance, necessitates the identification of effective and novel control methods.
The present study focused on identifying effective biological control agents for anopheline larvae using carnivorous
copepods under laboratory and field conditions to prevent re-introduction of malaria in the country.

Methods: Three copepod species, namely Mesocyclops scrassus, Cyclops varicans and C. languides collected from
different areas in the country were cultured by adding supplementary food, and their predatory efficacy was evalu-
ated under laboratory and field conditions.

Results: Significant variation (p <0.05) was observed in predation rates of studied copepod species. The species M.
scrassus showed the highest predacious efficiency, and consumed the highest number of anopheline larvae under
laboratory and field conditions. Further, M. scrassus had higher survival rate than C. varicans and C. languides.

Interpretation & conclusion: The results of the study suggest that the predatory copepod M. scrassus can be used
as a bio-control agent for the control of Anopheles mosquitoes to prevent re-emergence of malaria in the country.

Additional research is suggested to identify naturally available copepod species and their predatory efficacy.

Key words Anopheles; biological control; copepods; malaria vectors; predatory efficacy; Sri Lanka

INTRODUCTION

Malaria is the mostimportant health issue in the world
manifesting very high morbidity and mortality. There
were an estimated 228 million cases and 405,000 deaths'
in the year 2018. Further there are almost 80 countries
with ongoing malaria transmission, and the children <5
yrs is most vulnerable group'. Although, Sri Lanka has
been declared as a malaria-free country on 5th September
2016, by the WHO (since no indigenous cases were re-
ported for over three years from November 2012); consid-
erable number of imported malaria cases were recorded
from some areas in the country®. Imported malaria cases
may increase the risk for local malaria transmission due to
the persistence of malaria vectors in the country®™.

Anopheles culicifacies s.l. (Diptera: Culicidae) is
well-established as the major vector of both falciparum
and vivax malaria in Sri Lanka’®. Recently, several studies
have reported natural Plasmodium infections in 11 other
anopheline species in addition to An. culicifacies using
the enzyme-linked immunosorbent assay (ELISA) and
sporozoite dissection methods®. These include An. aconi-
tus, An. annularis, An. barbirostris, An. nigerrimus, An.
pallidus, An. subpictus, An. tessellatus, An. vagus and An.

varuna’®. Species that have consistently been incriminat-
ed among these are An. annualaris, An. subpictus, An.
varuna and An. tessellatus®. When considering second-
ary vectors, An. subpictus is considered the most efficient
secondary vector in Sri Lanka. In addition An. annularis,
An. varuna and An. tessellatus are also reported and in-
criminated as important secondary vectors.

Treatment with antimalaria drugs and vector control
are integrated approaches for malaria prevention. How-
ever, the use of antimalarial drugs over a long period has
contributed to the development of drug-resistant ma-
larial parasites in endemic areas'®. Thus, vector control
has played an important role in the substantial reduction
of malaria'''2. Different methods of vector control have
been used throughout history, which include chemical
and biological methods'. Continuous use of chemicals
for mosquito control can affect non-target populations,
increase environmental pollution, develop resistance in
mosquitoes and ill effects to humans and other biota's;
however, they are safe if used at the recommended dos-
ages. Therefore, to overcome these problems emphasis
has been placed recently on eco-friendly and economi-
cally viable methodologies for vector control'.

Biological methods involve the use of natural ene-
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mies and bio-toxins to eradicate mosquito vectors. Many
organisms have or are being evaluated as potential bio-
logical control agents against anopheline mosquito lar-
vae. A few of these agents have been used to control mos-
quitoes for many years. The WHO has used larvivorous
fish, parasitic nematodes, beetle larvae, certain fly larvae,
aquatic bugs, dragonfly, damselfly and cyclopoid cope-
pods, in many parts of the world since the 1940’s'*!>1¢,
The bacteria Bacillus thuringiensis israelensis (Bti) has
been in the market for several years and is one of the most
successful biological control agents currently used'’. Ba-
cillus sphaericus is also used either alone or in combina-
tion with Bti.

Cyclopoid copepods are predatory crustaceans!®. The
potential of copepods for mosquito control was first rec-
ognized by Riviere and Thirel" in a study carried out in
Tahiti. They observed that the number of Aedes aegypti
and Ae. polynesiensis larvae greatly reduced in ovitraps
that contained Mesocyclops aspericornis, accidentally
introduced with creek water. Similar observations were
reported independently by Marten'®, with M. aspericornis
for Ae. albopictus larvae in artificial containers in Hawaii.
Since then, copepods have proved to be particularly ef-
fective at eliminating Aedes sp. production from water
storage tanks and other container breeding habitats that
have water for extended periods. In fact, the use of cope-
pods in Aedes container habitats has been responsible for
virtually all published instances of mosquito eradication
in recent years'®2°. However, the use of copepods to con-
trol anopheline larvae has not been sufficiently tested in
Sri Lanka. Therefore, the present study focused on iden-
tifying effective biological control agents for anopheline
larvae using carnivorous copepods under laboratory and
field conditions to prevent re-introduction of malaria in
the country.

MATERIAL & METHODS

Establishment of Anopheles tessellatus colony

Eggsofdn. tessellatus were obtained from the existing
insectary at the Anti Malaria Campaign, Narahenpita,
Sri Lanka and kept for one generation. Adults were
housed in adult mosquito rearing cages (24 x 24 x 24) cm’
with mesh screening on top and were fed 10% sugar solu-
tion using cotton wool saturated with water. Mosquitoes
were starved of sucrose solution for 24 h and allowed
to feed on cattle-blood using an artificial membrane
feeding system?'. Females were held for two days at
27+ 2 °C, 75 + 5% relative humidity (RH) and a 12:12
(L:D) photoperiod.

After two days, the females were placed in screen

topped oviposition plastic cups (9.7 cm in diameter and
11.5 cm in depth) with the inner-side lined with cotton on
which the eggs were laid, and filled with approximate-
ly 150 ml of filtered dechlorinated tap water. The eggs
hatched within 2—3 days after oviposition and the I instar
larvae were transferred daily from the oviposition cups to
plastic trays (40 x 25 x 6 cm), containing 2000 ml of water.
One batch of immature stage of mosquitoes was reared to
the IV instar ( larvae in 500 ml plastic cups with a larval
diet containing 50% tuna meal, 36% bovine liver pow-
der, and 14% yeast*? to maintain mosquito colony. An-
other batch of I instar larvae was taken for the predatory
studies.

Field collection of copepods

Copepods were collected from ponds, ditches and
other standing water sources to establish a culture. They
were collected by quickly dipping a standard mosquito
dipper (1000 ml capacity) in water, particularly near sub-
merged vegetation. After dipping, 2/3 of water in the con-
tainer was slowly filtered through a zooplankton net (100
pm). The net was inverted over a container with clean
dechlorinated water and the filtrate with copepods was
washed using a squirt bottle into the container.

Identification of field collected copepods in the laboratory

A few individual live copepods were preserved from
different sites with 70% alcohol. Dead copepods were
placed individually on the microscopic glass slide with
a minimum amount of water and identified under a light
microscope (Olympus Optical Co. Ltd., Tokyo) with an
objective (10x) using interactive keys> 2.

Maintaining copepod cultures in the laboratory

Copepod cultures were initiated using a single gravid
female to assure consistency once an appropriate spe-
cies was identified. Gravid females were recognized by
the presence of their eggs externally on both the sides of
the body. To establish pure cultures, an individual gravid
female was picked up with a pipette and transferred to
a shallow dish with de-chlorinated water. This was sub-
sequently transferred again to a culture container filled
% with 500 ml of dechlorinated water. This minimized
the chances of unintentionally introducing more than one
species into the culture containers. The containers were
monitored continuously for 2-3 weeks to determine the
growth of the copepod population. The copepods were
fed with a Paramecium culture and wheat grain when nec-
essary. The cultures were kept open during day-time to
receive light for their development, but were not exposed
to sunlight directly.
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Maintaining of paramecium culture

About 25 ml of a start paramecium culture was in-
troduced to a one gallon jar containing spring water. Ap-
proximately 12 g of wheat flour per gallon of culture and
a small pinch of yeast was added. The culture was kept
for two weeks at room temperature before using to feed
the copepods.

Identification of predatory efficacy of copepods in the
laboratory

Predatory efficacy of copepod on An. tessellatus lar-
vae was assessed under laboratory conditions. About 100
newly hatched mosquito larvae were placed in a 100-200
ml tissue culture plate wells (35 mm diameter, 18 mm
depth). The containers were filled with dechlorinated
water and 10 adult copepods were introduced. Different
species of copepods were introduced to separate tissue
culture plates . The larvae remaining in each container
and dead larvae were observed at 3 h intervals until 24 h at
27 °C, under constant artificial lighting conditions. Fi-
nally the numbers of dead An. tessellatus larvae were
counted using a magnifying glass (10x) every 24 h
for 3 days after which the number of larvae consumed
was replenished in each of the container to maintain
the prey density for another interval. Predatory effi-
ciency of a copepod was calculated by the following
formula'.

Predatory ~ No. of prey/No. of predator introduced
efficiency =

Total no. of prey introduced

This experiment was repeated 10 times to identify the
best candidate for effective larval control.

Identification of the predatory efficacy of copepods in
the field

Selection of study area: The identification of preda-
tory efficacy of carnivorous copepods in the field was
carried out in the District of Kandy, Sri Lanka. District
Kandy was selected due to the presence of a large num-
ber of river bed rock pools along the Mahaweli river
with high prevalence of anopheline mosquitoes includ-
ing An. culicifacies***’. Therefore, rock pools located
along the Mahaweli river bed in Theldeniya area (be-
low the Kotmale dam) (7°4' 30.46"N, 80°34' 32.28" E)
were selected for intervention with copepods.

Pre-intervention: Each breeding pool in the Thel-
deniya area was monitored from April to June 2015 as
a preliminary survey for mosquito larvae. Anopheline
larvae were collected from each rock pool by a standard
dipper. The same procedure was repeated for three times
in each pool. From each breeding pool, approximately 5

dips were collected depending on the size of the breeding
pools. The volume of single dip was around 200-250 ml.
The number of dips and anopheline positive dips were
recorded. Among the positive dips, number of different
larval stages (I, 11, I11, IV) were recorded.

Collected anopheline mosquito larvae were reared
until the adults emerged. Emerged adults were identified
to the species level by using achromatic magnifying lens
(10x) following the taxonomic keys prepared by Carter >
and Amerasinghe®.

Intervention: A total of 20 adults of three copepod
species, namely M. scrassus, C. varicans and C. languides,
which proved to be effective anopheline mosquito con-
trolling agents in the laboratory, were introduced sepa-
rately into nine rock pools with 10 gravid females of each
species for one pool. Three rock pools were maintained as
control without intervention with copepods.

Post-intervention: Survival of the introduced cope-
pods in the respective rock pools was evaluated (in terms
of number) before and after 24, 48 and 72 h. The abun-
dance of the anopheline mosquito larvae in each rock
pool was monitored after the introduction of copepods
once a fortnight. For collection of mosquito larvae, water
samples were systematically taken by dipping every rock
pool (3 scoops/rock pool). From the collected water sam-
ples anopheline mosquito larval counts were made. Wa-
ter samples were (5 dips/rock pool) poured away slowly
through a zooplankton net and the copepods retained on
the mesh were counted. Counted copepods and mosquito
larvae were re-introduced into the respective breeding
pools. The percentage of larval reduction was calculated
by the following formula'*.

Percentage reduction =100 —(C /T,) x (T,/C,) x 100

where, C, and C, are the pre- and post-treatment den-
sities of mosquito larvae in the control groupand T, and T,
are density of mosquito larvae in pre- and post-treatment
in treated habitats.

Data analysis

The numbers of mosquito larvae predated by the co-
pepods were analyzed with one-way ANOVA to evaluate
the predatory efficacy of copepod species, and the most
effective copepod species were identified. The significant
differences between pre- and post-intervention by the co-
pepod species in the field conditions were analyzed using
the general linear modelling of SPSS software (ver. 15).

Ethical statement
Ethical clearance (No. P92/09/2014) to conduct the
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study was obtained from the Ethics Review Committee
of the Faculty of Medicine, University of Kelaniya, Sri
Lanka.

RESULTS

Field collection of copepods

The copepod species, namely M. scrassus, C. vari-
cans and C. languides were collected from streams, lakes,
small ponds and rivers. The species collected and their
locations are given in Table 1.

Predatory efficacy of copepods in the laboratory

Predatory efficacy of M. scrassus, C. varicans and
C. languides was tested in the laboratory. All the three
copepod species consumed the anopheline larvae, but at
different rates. Mesocyclops scrassus showed the highest
predacious efficiency on I instar larvae of An. tessellatus
within 24 h while C. varicans, and C. languides showed
the lowest (Table 2).

Predatory efficacy of copepods under field conditions
Pre-intervention: During the preliminary survey 808

anopheline mosquito larvae were collected from 1560

dips comprising 10 species from the rock pools of the

Table 1. Collected copepod species, locations and

GPS points
Cope‘tpod Location GPS points
species
M. scrassus ~ Attanagalu Oya, Meerigama 7°9'12.25"N,
80°10'27.89"E
C. varicans Kurunegala lake, Kurunegala 7°29'28.52"N,
80°21'51.14"E
Wendaru lake, Kurunegala 7°27'37.67"N,
80°22'27.07"E
Below the Kotmale dam, Mahawali  7° 4'30.46"N,

80°34'32.28"E

Between Victoria dam and power 7°12'7.56"N,
station, Mahawali river, Kandy 80°48'19.37"E

river, Kandy

C. languides

Table 2. Predatory efficacy of three copepod species
on the larvae of malarial vector An. tessellatus

Species No. of Duration Preda-  Predatory
copepod tion efficiency of
intro- (%)  asingle cope-
duced Day 1 Day2 Day3 pod/day
M. scrassus 10 53+2.3 49+1.7 42+2.1 49+£5.4° 4.9
C. varicans 10 4842.1 37+1.6 35£1.3 41+5.1° 4.1

C. languides 10 46+2.2 23+1.4 39+1.4 38+4.8° 3.8

Difterent superscript letters in column show significant differences (p <0.05),
calculated using Tukey’s pairwise tests after one-way ANOVA.

Table 3. The abundance of anopheline species breeding
in the river bed pools in Theldeniya area below the Kotmale
dam (study site) in District Kandy

Anopheline species Number of larvae

An. maculatus 312 (38.61)
An. karwari 240 (29.70)
An. vagus 101 (12.50)
An. jamesii 52 (6.43)
An. barbirostris 18 (2.22)
An. peditaeniatus 44 (5.44)
An. nigerrimus 16 (1.98)
An. elegans 3 (0.37)
An. culicifacies 0(0)

An. varuna 2 (0.24)
An. pseudojamesii 20 (2.47)
Total 808 (100)

Table 4. The predatory efficacy of three copepod species on larvae
of Anopheles mosquitoes under field conditions

Species Mean No. of anopheline larvae Percentage
Pre- Post-intervention reduction
intervention Dayl Day2 Day3
Control 5442.8 5242.6 48+2.4 46+2.3 -
M. scrassus 56+2.6 34+£2.8 22+1.2 9+06 81.22°
C. varicans 64+2.9 42+2.1 29+1.6 18+0.9  67.13¢
C. languides 59+3.1 41+1.8 34+1.8 25+0.8  50.32¢

Different superscript letters in a column show significant differences (p <0.05),
calculated using tukey’s pairwise tests after one-way ANOVA.

study area (Table 3). The majority consisted of An. macu-
latus (38.61%), and the rest were An. karwari (29.70%)
and An. vagus (12.50%) larvae.

Post-intervention through copepods: The highest
Anopheles larvae count was reported in control rock pools.
The abundance of anopheline larvae differed significantly
(p <0.05 at 95% level of confidence) among the control
and intervention sites as indicated by the results of gen-
eral linear model (Table 4). Prior to the intervention larval
population of Anopheles mosquito were higher in all the
study sites. The breeding capacity and survival rate were
high for all the three copepods species at all study sites.

Rock pools with M. scrassus indicated the lowest
abundance of mosquito larvae. Therefore, it can be sug-
gested that, M. scrassus has the highest degree of preda-
tory efficacy. Meanwhile, C. languides indicated the low-
estpredatory efficacy among the studied copepod species.

DISCUSSION

The present study investigated the effectiveness of
three locally available species of copepods, namely M.
scrassus, C. varicans and C. languides, collected from
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different areas in the country as biological control agents
of Anopheles vectors. Mesocyclops scrassus was found
in Meerigama area in the District of Gampaha, C. vari-
cans are common species in the districts of Kurunegala
and Kandy and C. languides was recorded only from the
district of Kandy. The three predatory copepod species
showed significant effects against the larvae of the malaria
vector, in both the laboratory and field conditions.

Earlier studies have reported Mesocyclops sp. such
as, M. thermocyclopoides®, M. aspericornis®, M. albi-
dus®*, M. longisetus and M. albidus®, as efficient control
agents of mosquito larvae. Mesocyclops is both a preda-
tor and competitor for mosquito larvae. Ramanibai and
Kanniga*, reported that Mesocyclops are good biologi-
cal control agents against 4edes mosquito larvae under
laboratory conditions. In their study the survival rate of
M. ruttneri and M. edax was inferior, but their predatory
efficacy was high in the field. Some species such as Dia-
cyclops navus was a weak predator while showing a high
survival rate. Further, M. annulatus effectively preyed on
larvae of Aedes and Culex larvae.

In the present study also, it was observed that M.
scrassus is a more effective predator than the other two
species under laboratory and field conditions. Copepods
are successful predators of I and II instar mosquito larvae
than the III and IV instars. Due to the swimming behav-
iour and small size of the copepods, the predatory capacity
on Il and IV instar mosquito larvae was almost zero.

However, the presence of alternative food sources in
breeding habitats, reduce the predation effectiveness of
copepods'?. Therefore, under field conditions, many fac-
tors need to be evaluated, such as survival rates, predatory
efficacy, physico-chemical parameters of water, repro-
ductive capacity and food preferences'?.

Anopheles culicifacies, which is considered as the
primary vector of malaria in Sri Lanka, breeds in natural
streams and rivers, especially inrock pools that are created
during dry periods, or during high rainfall periods along
previously dried stream and river-beds3*. Although ear-
lier studies have recommended introducing larvivorous
fish into rock pools as an effective biological controlling
agent for Anopheles mosquito control?’ -, limitations in
the size and depth of such breeding places often restrict the
survival of the introduced fish. Therefore, Mesocyclops
that can easily survive even in the small rock pools, could
be introduced to control anopheline mosquito larvae.

Although, use of copepods to control anopheline lar-
vae has not been sufficiently tested in Sri Lanka, stud-
ies from other countries have shown its effectiveness in
control of malaria vector. Among them, Roe et al*® have
investigated the abundances of cyclopoid species and the

malaria vector An. aquasalis to certain abiotic parameters
and vegetation features in Venezuela. They observed that
the abundances of M. meridianus and An. aquasalis lar-
vae were negatively correlated each other. Confirming
the copepods predate on anopheline larvae Pernia et al?’
reported that M. meridianus preys on I and Il instar larvae
of An. aquasalis.

Use of a mixture of copepods species gave poor re-
sults and best results can be obtained by introducing a
single species®'. Some species are specific in some areas
and particular breeding habitats. Therefore, the key fac-
tors which should be considered before use of copepods
for mosquito control are copepod species, area, habitat
type, how long the population lasts in that kind of con-
tainer and the number of copepods in the container. Use of
synthetic chemicals for mosquito control, increases con-
comitant damage to the environment. Biological control
of mosquito larvae is more efficient and eco-friendly than
chemicals such as insecticides?®.

CONCLUSION

The study findings indicate that copepods can be em-
ployed forbiological control of anopheline larvae. Among
the three copepod species which were used to evaluate
predatory efficacy on anopheline mosquito larvae, M.
scrassus showed the highest predacious ability under
laboratory and field conditions. Thus, fish and copepods
could be used as a complementary agent in an integrated
mosquito control programme.

It is crucial to identify native/indigenous copepod
species that thrive under the conditions prevalent in mos-
quito breeding sites in different parts of country for use in
the control of mosquitoes. Anopheline mosquito control
using copepods should be used in addition to other strate-
gies already in places.

Conflict of interest
The authors declare that they do not have any conflict
of interest.

ACKNOWLEDGEMENTS

Financial assistance by the National Research Council
(NRC Grant No. 12-133) and technical support by Global
Fund for Aids, Tuberculosis and Malaria (GFATM-Round
8) through Tropical and Environmental Diseases and
Health Associates Pvt. Ltd. (TEDHA) malaria elimina-
tion program, is gratefully acknowledged. The authors
thank Mr N.W.B.A.L., Udayanga for his expert statistical
analysis of the data.



[Downloaded free from http://www.jvbd.org on Friday, July 10, 2020, IP: 192.248.26.15]

10.

I1.

12.

13.

14.

15.

Ranathunge et al: Bio-control efficacy of copepods in Sri Lanka on Anopheles larvae

REFERENCES

World Malaria Report 2019. Geneva, Switzerland: World Health
Organization 2019; p. 232.

Premaratne R, Ortega L, Janakan N, Mendis KN. Malaria elimi-
nation in Sri Lanka: What it would take to reach the goal. WHO
South East Asia J Public Health 2014; 3(1): 85-9.

Gunathilaka N, Fernando T, Hapugoda M, Wijeyerathne P,
Wickramasinghe R, Wijeyerathne P, et al. Anopheles culicifa-
cies breeding in polluted water bodies in Trincomalee district of
Sri Lanka. Malar J 2013; 12(285): 1-6.

Gunathilaka N, Hapugoda M, Abeyewickreme W, Wickrama-
singhe R. Entomological investigations on malaria vectors in
some war-torn areas in the Trincomalee district of Sri Lanka
after settlement of 30-year civil disturbance. Malar Res Treat
2015; 2015: 367635.

Piyaratne MK, Amerasinghe FP, Amerasinghe PH, Konradsen
F. Physico-chemical characteristics of Anopheles culicifacies
and Anopheles varuna breeding water in a dry zone stream in
Sri Lanka. J Vector Borne Dis 2005; 42(2): 61-7.

Mendis C, Gamage MAC, De Zoysa APK, Abhayawardana TA,
Carter R, Herath PR, ef al. Characteristics of malaria transmis-
sion in Katharagama, Sri Lanka: A focus for immuno-epidemi-
ological Studies. Am J Trop Med Hyg 1990; 42(4): 298-308.
Hearth PR. A study of the role of different anopheline species in
the transmission of human malaria in Sri Lanka. Proceedings of
Annual Session of Sri Lanka. Assoc Adv Sci 1983; 39: 6.
Amerasinghe FP, Amarasinghe TG, Peris JMS, Wirtz RA.
Anopheline ecology and malaria infection during the irrigation
development of an area of the Mahaweli Project, Sri Lanka. Am
J Trop Med Hyg 1991; 45(2): 226-35.

Amerasinghe FP, Konradsen F, Hoek WVD, Priyanie H, Amer-
asinghe PH, Gunawardena JPW, ef a/. Small irrigation tanks as
a source of malaria mosquito vectors: A study in North-Central
Sri Lanka (IWMI Research Report 057). Colombo, Sri Lanka:
International Water Management Institute (IWMI) 2001. v, p.28
doi: http://dx.doi.org/10.3910/2009.062.

Vector resistance to pesticides: XV report of the WHO expert
committee on vector biology and control [Meeting held Geneva
from 5 to 12 March 1991]. Geneva: World Health Organization
1992; p.62.

Guidelines for the treatment of malaria. Geneva: World Health
Organization 2006; p.266. Available from: http.//www.who.int/
malaria/docs/TreatmentGuidelines2006.pdf (Accesed on June
10, 2014).

Micieli MV, Marti G, Garcia JJ. Laboratory evaluation of meso-
cyclops annulatus (Wierzejski, 1892) (Copepoda: Cyclopidea)
as a predator of container-breeding mosquitoes in Argentina.
Mem Inst Oswaldo Cruz 2002; 97: 835-8.

Thavaselvam DA, Sumodan PIC. Insecticide susceptibility sta-
tus of Anopheles stephensi, Culex quinquefasciatus and Aedes
aegypti in Panaji, Goa. Indian J Malariol 1993; 30(2): 75-9.
Chitra T, Murugan K, Kumar AN, Madhiyazhagan P, Nataraj T,
Indumathi D. Laboratory and field efficacy of Pedalium murex
and predatory copepod, Mesocyclops longisetus on rural ma-
laria vector, Anopheles culicifacies. Asian Pac J Trop Dis 2013,
3(2): 111-8.

Samanmali C, Udayanga L, Ranathunge T, Perera SJ, Hapugoda
M, Weliwitiya C. Larvicidal potential of five selected dragon-
fly nymphs in Sri Lanka over Aedes aegypti (Linnaeus) larvae
under laboratory settings. BioMed Res Int 2018; Artical 1D
8759459; p.10.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

205

Udayanga L, Ranathunge T, Igbal MC, Abeyewickreme W, Ha-
pugoda M. Predatory efficacy of five locally available copepods
on Aedes larvae under laboratory settings: An approach towards
bio-control of dengue in Sri Lanka. PloS One 2019;14(5):
€0216140.

Gunasekaran K, Boopathi PSD, Vaidyanathan K. Laboratory
and field evaluation of Teknar HP-D, a biolarvicidal formulation
of Bacillus thuringiensis israelensis, against mosquito larvae.
Acta Tropica 2004; 92(2): 109-18.

Riviere RF, Thirel R. Predation of the copepod Mesocyclops
leuckartipilosa (Crustacea) on the larvae of Aedes (Stegomyia)
aegypti and Ae. (St.) polynesiensis (Diptera: Culicidae): Prelim-
inary trials of its use as a biological control agent. Entomophaga
1981; 26: 427-39.

Marten GG. Impact of the copepod Mesocyclops leuckartipilosa
and the green alga Kirchneriella irregularis upon larval Aedes
albopictus (Diptera: Culicidae). J Vector Ecol 1984; 9: 1-5.
Kay BH, Nam VS, Tien TV, Yen NT, Phong TV, Diep VT, et al.
Control of Aedes vectors of dengue in three provinces of Viet-
nam by use of Mesocyclops (copepoda) and community-based
methods validated by entomologic, clinical and serological sur-
veillance. Am J Trop Med Hyg 2005; 66(1): 40-8.

Gunathilaka N, Ranathunge T, Udayanga L, Abeyewickreme W.
Efficacy of blood sources and artificial blood feeding methods
in rearing of Aedes aegypti (Diptera: Culicidae) for sterile insect
technique and incompatible insect technique approaches in Sri
Lanka. Biomed Res Int 2017; 2017: 3196924.

Gunathilaka PA, Uduwawala UM, Udayanga NW, Ranathunge
RM, Amarasinghe LD, Abeyewickreme W. Determination of
the efficiency of diets for larval development in mass rearing
Aedes aegypti (Diptera: Culicidae). Bull Entomol Res 2018 Oct;
108(5): 583-92.

Mendis AS, Fernando CH. A guide to the fresh water fauna of
Ceylon. (Sri Lanka): Ceylon. (Sri Lanka): Fisheries Research
Station 1962; pp. 42—126.

Mamaril SR, Fernando CH. Freshwater zooplankton of the Phil-
ippines (Rotifera, Cladocera, and Copepoda) Nat App! Sci Bull
1978; 30(4): 109-221.

Ling HU, Tyler PA. A limnological survey of the Alligator Riv-
ers Region, Part II: Freshwater algae, exclusive of diatoms.
Canberra: Australian Government Publishing Service, Research
Report 3 1986; p.181.

Kusumawathie PHD, Wickremasinghe AR, Wickremasinghe
DR, Jayasooriya GAJSK. Disease transmitting mosquito spe-
cies breeding in water storage tanks in Kandy, Sri Lanka. Pro-
ceedings of the Sri Lanka Association for the Advancement of
science 2005; 61 (Part 1):8.

Kusumawathie PH, Wickremasinghe AR, Karunaweera ND,
Wijeyaratne MJS, Yapabandara AM. Anopheline breeding
in river bed pools below major dams in Sri Lanka. Acta Trop
2006; 99(1): 30-3.

Carter HF. Ceylon mosquitoes list species and names of mosqui-
toes recorded from Ceylon. Ceylon J Sci 1950; 24(2): 85-115.
Amerasinghe FP. A guide to the identification of anopheline
mosquitoes (Diptera: Culicidae) of Sri Lanka. I. Adult females.
Ceylon J Sci 1990; 21: 1-16.

Kumar PM, Murugan K, Kovendan K, Panneerselvam C, Ku-
mar KP. Mosquitocidal activity of Solanum xanthocarpum fruit
extract and copepod Mesocyclops thermocyclopoides for the
control of dengue vector Aedes aegypti. Parasitol Res 2012;
111(2): 609-18

Murugan K, Hwang JS, Kovendan, K, Prasanna KK, Vasugi C,



[Downloaded free from http://www.jvbd.org on Friday, July 10, 2020, IP: 192.248.26.15]

206

32.

33.

34.

35.

J Vector Borne Dis 56, September 2019

Naresh KA. Use of plant products and copepod for the control of
dengue vector, Aedes aegypti. Hydrobiologia 2011; 666. 331-8.
Rey JR, O’Connel S, Suarez S, Menédez Z, Lounibos LP, Byer
G. Laboratory and field studies of Macrocyclops albidus (Crus-
tacea: Copepoda) for biological control of mosquitoes in arti-
ficial containers in a subtropical environment. J Vector Ecol
2004; 29(1): 124-34.

Marten GG, Bordes ES, Nguyen M. Use of cyclopoid copepods
for mosquito control. Hydrobiologia 1994; 292/293(1): 491-6.
Ramanibai R, Kanniga S. Laboratory evaluation of Mesocy-
clops aspericornis against the mosquito vector Aedes aegypti
(Diptera: Culicidae). Indian J Nat Products Res 1998; 208—12.
Kusumawathie PHD, Wickremasinghe AR, Karunaweera ND,
Wijeyaratne MJS. Larvivorous potential of the Guppy, Poecilia

36.

37.

38.

reticulata in Anopheline mosquito control in river bed pools
below the Kotmale Dam, Sri Lanka. Asia Pac J Public Health
2008; 20(1): 56-63.

Roa EZ, I Gordon E, Montiel E, Delgado L, Berti J, Ramosi
S. Association of Cyclopoid copepods with the habitat of the
malaria vector Anopheles aquasalis in the Peninsula of Paria,
Venezuela. J Am Mosq Control Assoc 2002; 18(1): 47-51.
Pernia J, De Roa EN, Paacios-Caceres MA. Prey-predator re-
lationship between the cyclopoids Mesocyclops longisetus and
Mesocyclops meridianus with Anopheles aquasalis larvae. J
Am Mosq Control Assoc 2007; 23(2): 166-71.

Kumar R, Hwang JS. Larvicidal efficiency of aquatic predators.
A perspective for mosquito biocontrol. Zoological Studies 2006;
45(4): 447-66.

Correspondence to: Dr Menaka Hapugoda, Molecular Medicine Unit, Faculty of Medicine, University of Kelaniya,

Received: 30 January 2018

Ragama-11010, Sri Lanka.
E-mail: menakaha@yahoo.com

Accepted in revised form: 29 June 2018



