


Some Natural Enemies of Mosquitoes in the Vicinity of 
Palmalmal, New Britain. 

1-;y AI. II,IIILD, KS;c., ILS.Z.A.F. Eiltoillologist, Dopartllieilt of Zoolog~~, 

~)INX~ATIONS 011 the I-alne of yarions aquatic ai~inials as agents in 
the natural control of the Cnlicidwc, were made in the course of R 
mosquito SLUW~ at ?Jacqnillot Way R.S.Z.A.F. Station, Sew Eritaiu, 
during 1945. 

At Palmalnd, Jacqninot Iky, it was observd that water bodies 
\vlsich outwardI;- bow a close rrswlblance to oue another often held 
iliosquito populatioils of iiiarlieclly different constitution. -mm1 t11e 

mosquito faunas of two ontn-artlly similar water bodies were coin- 
I)awd, differences betn-ten thcnl n-ew often apparent both in the 
atctual species prcscnt aucl in the w1ativ-e nuluber of individuals 
representing sonic l)articnlar species. While soiw pools held many 
larvae and pupae of Cnlicidae, others contained but few of these 
insects. There wew pools tllat \vere quite uninhabited by mosquitoes, 
although superficially they wwcltl idcal mosquito breeding places. 

1Yater bodies stndiccl ~ngecl i’roln artificial temporary pools, 
such as those in \rlieel-ruts of rwellt origin, to natural 1)erinanent 
pools. Those which by reason of their temporary nature had no 
iliacroflora or predacious iklawofauiia often supported heavy popula- 
tions of L4020~~l~leZes p?~ncf rlltrt us IXjnitz (Lair& 1946b). Many Irinds 
of aqtllatic insects inhabited loll~~~~-establislled pools, n-hich generally 
supported a diverse niawoflora. The composition of the macrof auna 
seemed to have an inlportant bearing on the nulubers and species of: 
Culiciclae present in sneli pools. Extreme cases were encountered 
x;ltere pools with hw\.y popnl a t ions of other aquatic animals har- 
bowed no mosquitoes at all. 

Unch ltas been written on the subject of mosquito enemies. Some 
writers, like Howard (1900)) claiiu that little practical importance 
call be attached to such entwies. This view has to be somewhat 
lllodifiecl ill Tic\\- of the snbseqncwt walization of tile ~aluc of w&ill 
surface-feeding fisll, such as top-lninnows of tile genus %ar,zbzisia, as 
ag:‘cllts ill tile biologiwl control of allopheline nlosqnitoes (Van Dine, 
19Oi ; Hilclebranld, 1921). Hadyii-Harris (1929) snnis up the posi- 
tion b>- declaring that : “ The idea of controlling mosquitoes by 
mealIs of tlioii* l~atni*al (wolliics sou~lcls so cswetliugly attractive that 
ikralry itw tor0l)tcvl to 1)law all illi\~ili’l’~l~it~~~~ amomt 01’ confidence in 
\\-hat has 1w%1~ pro\‘ctl to be of any great value. That natural 
c~l1emi(~s, under Ilatural conditions, RL’O cal)ablc of taking a large toll 
of mosquito life cannot be denied, and for that5 reason alone t,hey 
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are worthy of considerable encouragement. ’ ’ After commenting on 
the presence of many natural factors operating against the undue 
preponderance of most larval destructors. Hamlyn-Harris stresses 
the importance of our gaining a thorough Bnon-ledge of the natural 
enemies of mosquitoes in order to be able “ to apportion them as 
opportunity affords, and to prevent their ruthless destruction due to 
ignorance. ’ ’ 

The results of an investigation into the significance of various 
arthropods and of a fen- animals of other groups as factors ill thcl 
natural control of mosquitoes at Palmalmal, are discussed in the 
following pages. 

Most of the aquatic animals mwtiolled in this paper were cap- 
tured with the aid of a small dip-net. Very small creatures were 
caught with a long-handled 250 cc. dipper in the same manner as 
mosquito larvae, and wrc transferred to the collecting bottle bs 
means of a pipette. 

Some difficulty n-as at first exl)erienced in capturing water- 
striders, particularly the larger Gerridae, when these insects inhabited 
pools too shallow to admit a dip-net. It was subsequently found that 
the capture of such insects was rendered easy if they were first 
anacsthetized by sprayin g a little ether on the water surface. 

Field estimations of hydrogen-ion concentrations were made with 
nitrazine indicator paper. This paper covers a range of pH 4.5 to 
pH 7.5, and allows estimations to be made to within 0.5 of a pH. 

A light wooden press was ~wcl for the preparation of plant 
specimens. The extremely high humidity experienced during the 
survey f avowed the rapid growth of mo~llds, aud the satisfactory 
preservation of such specimens was thus rendered difficult. 

Whenever opportunity afforded the press ITas hung out in the 
SLY to dry. The ne~~~spaper used to aborb moisture from the drying 
plant material n-as changed as soon as it show-cd signs of dampness. 
When thoroughly dry the specim(ws u-ere sprinkled with thymol and 
stored in a metal ammunition box containing silica gel as a dessicant. 
These steps served to keep plant specimens in fit state for identifica- 
tion. 

MacGregor’s solution (MacGregor, 19241-3) proved a most sat,is- 
factory preservative for small aquatic animals. Lightly-chitinized 
delicate forms remained in excellent condition in this medium. Store- 
boxes holding insects preserved as dry knonnts lyere impregnated 
before use witlr naphthalwe dissolved in chloroform and thymol dis- 
solved iii alcohol. This treai mellt kept stored specimens free from 
mo~lld, and excluded snch pests as ants and mites from the boxes. 

Some trouble was experienced in making permanent mounts of 
material for microscopic examination. The heat was such as to 
prevent Canada balsam from setting, and the high humidity made 
it hard t’o Beep alcohol and xylol free from water. The following 
technique was developed to o~wcpmc the first of these difficulties. 
Discs of light glazed card were cut to the size of the coverslips used 
when making permanent slides. From one to three holes were pierced 
in each card disc with a 9/X in. cork borer. The prepared cards 
were then fastened to glass slides wit11 a tllill smear of g111n. Ill 
mounting, each of the cells so formed was filled with balsam, alld a 



specimen was positioned in it. The cover slip was then applied, so 
that its rim coincided with that of the card disc. The latter materially 
increased the friction between cover slip and slide, thus preventing 
damage to t.he mount by movements of the cover slip in handling. 
At the same time it kept the weight of the cover slip from crushing 
the preparation. Slides prepared in this manner were much more 
convenient to handle than those made in the usual way. 

A collection of the aquatic predators discussed in the following 
pages has been deposited at the Cawthron Institute, Nelson, New 
Zealand. 

My thanks are due to Major-General Sir Fred Bowerbank, 
D.G.M.S. (Army and Air), Wing Commander Howard Marsh: 
R.N.Z.A.F., D.M.S. (Air), and Professor II. R. Richardson, of Vic- 
toria University College, for encouragement and assistance in the 
preparation of this paper ; to the Royal Society of New Zealand, the 
knew Zealand Department of Health, and the Cawthron Institute, for 
generous library facilities ; to Professor J. Balfour-Browne, of the 
British Museum (Department of Entomology), for identifying the 
aquatic Coleoptera; to Mr. H. Womersley, Entomologist at the South 
Australian Museum , for his identification of the water-mite Ihnnesia 
janzurensis Oudemans ; to Mr. R. R. Forster, of the Dominion Museum, 
Wellington, for his generic identification of thz Rraneida ; aud to 
Messrs. V. D. Zotov and A. J. Healy, of the Botany Division 
(N.Z.D.S.T.R.), for their identification of botanical material collected 
at Pal malmal. 

I.--PHEDAY~Rs 017 AQT-ATIC STAGES 0F CTTLICIDAE. 
Class INSECTA. . 
Order DTPTER8A. 
Family CULTCIDAE. 

Megarhinus inornatus Walker, 1865. (Text-figs. la, lb.) 
Pre-adult stages of Megarhinus inomutus inhabit coconut husks 

and small artificial containers. The condition of the water in which 

I 

TEXT-FIG. 1 .-Megwhinus inowmtus, fourtli instar larva. 
Q, Hcncl. bi Terminal nhlomina.1 segmrnts, 



development takes place varies from fresh and clear to murky and 
hearily cllargecl m-it11 organic debris (Laird, 1946a). Tests of the 
water from several breeding places at Palmalmal showed hydrogen-ion 
concentrations ranging from pH .5.5 to pH 7.0. The species was only 
encountered in places heavily shaded by vegetation, and its breeding 
places were generally located just within the edge of the jungle which 
bordered the station. 

Simple laboratory experiments were performed to investigate the 
importance of M. inp?Bti as a larvicidal agent. A single fourth 
instar ik&yg_l-hiwtrs larva was placed in each of eight 250 cc. beakers. 
These containers each held 5 cm. (approximately 160 cc.) of water 
from a natural breeding place of the predacious mosquito. Known 
numbers of both larval and pupal stages of three other mosquito 
species which showed habitat preferences like those of M. inornatlrs 
were added to each of these beakers. 

Twenty late instar larvae of &des aZboZineat?rs (Theobald, 1904) 
were isolated in containers la and lb. A similar number of fully- 
developed larvae of XZdes .sruteZZaris (Walker, 1859)) and of _4vmi- 
geres Zncu~r~~~ Edwards, 1922, were added to containers 2a, 2b, and 3a, 
3b respectively. Twenty pupae of a mixture of all three species were 
placed in containers -la and Ib. The beakers were then covered with 
mosquito-netting to prevent any hatched imagines from escaping and 
so confusing the results of the investigation. 

The surviving larvae and pupae were counted at 4 p.m. on each 
of the succeeding five days, and the numbers eaten by the Megarhinus 
larvae in each twenty-four hour period determined. Any larval or 
pupal remains present were removed, and the number of develop- 
mental stages in each container restored to twenty. 

The results of the investigation on M. irzornatlts are set out in 
Table 1. Information under each experiment number in the table 
refers collectively to containers (a) and (b) of t,hat number. 

TABLE 1. 
Experiment number. 

Mosquito species supplied 
to the predator as food. 

Developmental stage sup- 
plied. 

1 2 3 4 
A&es A&es Awziflews Mixture of all 

ulbolineatus. scutellaris. lacuzrm. three --. spwies. 
3rd and 4th 3rd and 4th 

_I__ 
3rd and 4th 

instar larvae. instar larvae. instar larvae. Pupae. 
Kumber of larvae or pupae 

eaten by 2 larvae of M. 
inomatus in 5 days. 

Average number of larvae 
or pupae eaten by a 
single predator each 
day. 

68 

It will be seen 

6.8 5.9 3.6 0.7 

that the predat; destroyed-fewer la&&e of 
drnzigeres Zacwwu than of either species of L4Zc7es. This is probably 
simply due to the fact, that larvae of Arn~igeres are almost twice as 
large as those of the two species of A&7es used in the experiments. 
The fact that very few pupae were destroyed by the predacious larvae 
was due to two main considerations. In the first place, the compact 
and heavily-chitinized condition of the bodies of pupae as compared 
Tsith those of larvae make it difficult for Jfegcrrhinus larvae to seize 
them. Secondly, pupae can elude their pursuers by evasive darting 
movements, while larvae, wit.1~ their long and lightly-armonred bodies 
and more predictable movements, seldom escape capture, 



When not feeding, a larva of JI. in0mcrtu.s usually lies relaxed 
and almost motionless at the bottom of its container, only moving its 
head from time to time as it follows the progress of other larvae in 
its vicinity. Such a resting larva becomes tense just before making a 
sudden strike at a potential victim. Captured larvae are usually 
grasped by the posterior part of the abdomen near the base of the 
siphon, pupae in the neighbourhood of the paddles. 

When a large and powerful larva such as that of 9maigere.c 
lncuun?, is s&d, there is a brief initial struggle during which the 
victim drags its captor about the container in frenzied efforts to tear 
itself free. Such efforts, however, were never observed to meet with 
any measure of success. The effective nature of the predacious 
culicine’s hold on a captured larva was strikingly demon&rated when 
an A?*jqzigeres larva was grasped with forceps and lifted from the 
water ten seconds after a M~~clcr~hin~(~ larva had seized it. So firmly 
were the mouth-parts of the predator embedded in the tissues of its 
victim that the former, although swung gently back and forth in the 
air for thirty seconds, dangled below the A~mige~es without relin- 
quishing its grip. The insects were then replaced in their container, 
where t#lre M. inowatm larva proceeded to consume its prey as though 
nothing untoward had happened. 

After the initial stru ggle the Megcrrhinm larva rises to the sur- 
f ace for air, keepin, 0 its prey fully submerged meanwhile. As the 
victim’s resistance grows weaker, its siphonal valves can be seen 
spasmodically opening and closing under water. AZ. inornat~cs larvae 
frequently commence f eedinp before their victims’ struggles have 
ceased. Relatively small larvae such as those of &des were observed 
to be swallowed bodily within two or three minut,es, and the predator 
required about five minutes to deal with the abdomen and prothorax 
of a fully-grown larva of Awnigeres Zacwm. Siphons of large larvae 
are often rejected early in the swallowing process. The heavily- 
chitinized head-capsules of such larvae are rejected later, a IVega- 
~h,ir,w.c larva sometimes remaining quiescent for as long as an hour 
with the head of a victim protruding from its mouth. 

Besides feeding on the developmental stages of mosquitoes, in- 
cluding smaller members of their own species, these formidable larvae 
devour ot,her small aquatic animals. They were observed to eat both 
larval and pupal stages of Chironomidae, small nymphs of dragonflies 
(Anisoptera), and even small tadpoles. in the laboratory at Pal- 
malmal. Paine (19.34) records that larvae of the Javanesc Megarhiqlm 
splendens Wiedemann devour young tadpoles, and prey on the larvae 
of Tipulidae and Chironomidae as well as those of mosquitoes. Paine 
also observes that ICI. splendens does not find larvae with very hairy 
bodies distasteful. The same may be said of M. inornatus, for this 
species was seen to feed on fourth instar larvae of Tripteroides quasi- _ 
omutct (Taylor, 1915), a form with a dense covering of stellate hairs 
on the abdomen. For that matter, A?des albolineatws larvae, which 
figured in t.he laboratory experiments already discussed, bear abdom- 
inal hairs like those of Tyipteroides. 

Single coconut husks were never found to be occupied by more 
than three fourth instar Megavhinus larvae at Palmalmal. On all 
but one occasion developmental stages of other mosquito species were 



abseljt from husks containing such larvae (Laird, 1946a). Second 
and third illstar Iarvae of the predator were observed attacking fully- 

-. grown Iarvae of ,li;ck?.s sc~~rfe7Zal*is and Cztlex 2ln2llrensis (Taylor? 1914) 
in the field. 

Tt is thus obvious tllat under natural conditions larvae of M. 
ino~*na,t~~.~ exercise an appreciable measure of control over the breed- 
ing of mosquitoes lvitll similar habitat preferences. Furthermore, the 
adult female of this species does not suck blood. Therefore, :M. inor- 
n,cr’ffr,s is to be considered a beneficial insect. 

At.tmlpts have been luade to introduce ,W. inomatzcs into other 
countries, as an agent in the biological control of disease-transmitting 
and pest mosquitoes. 111 1929 consignments of this insect were sent 
from New Britain and liberated in heavily-shaded parts of Hawaii 

I- (S~ezey, 1930). It was hoped that the predacious larvae would check 
the breeding of certain day-flying pest, mosquitoes. However, after 
breeding for several generations in the neighbourhood of Honolulu, 
the $1. in,ornatlrs colony died out within a year of its introduction 
(Swezey, 1931). An attempt to establish this mosquito in Fiji was 
made during 1933 (Paine, 1934). This also proved unsuccessful, 
although ikIegarTzin?cs spZent7em appears to have become established 

--in Fiji after its introduction from Java some years ago (Lever, 1943). 
Despite the failure of previous attempts to utilize M. inomatus 

as an agent in the control of noxious mosquitoes, it is considered that 
further efforts in this direction would be well worth while. Closer 
attention should be paid to the habitat preferences of this insect in 
any future introduction attempts. Tt was mentioned earlier that M. 
inorncrfus and mosquitoes belonging to the sc&eZZavis group of the 
genus 14F;des inhabit similar breeding places in nature. Members of 
the latter group play an important part in the transmission of 
filariasis, particularly in those eastern Polynesian islands where this 
disease is highly endemic. Great numbers of these mosquitoes develop 
in household containers or in husks and tins in open places where the 
shade-loving 1%~. inomcrtus would not be expected to breed. Such 
breeding is easily brought under control by artificial means. HOW- 
ever, this has the effect of forcing Aides sczltellaris and related species 
to retreat to the shelter of the jungle, where their breeding places 
are much harder to locate. As such jungle breeding places are suited 
to the development of N. inornatm, this predator might well be of 
value in a campaign against the filaria-transmitting mosquitoes. 

All the other aquatic predat,ors studied inhabit long-established 
ground pools. The hydrogen-ion content of the water was found to 
range from pH 4.5 to pH 7.5, but did not appear to have any direct 
bearing on the composition of the macrofauna. The vegetation of such 
pools generally consists of masses of filamentous green algae (#p&o- 
gym sp.), and various emergent and marginal plants, EchinochZoa 
colona, 0. Kuntze, and Elewine inden Gaerter, are typical of the 
grasses bordering these pools. Clumps of Penniseium nmcrostachyunz 
(Brongn.) and of Gentofhecn Zatifolk, (Linnaeus) are often present. 
The marginal flora commonly includes Ageyatmz conyxoides Linnaeus 
(Compositae), Sidn sp. ? (Malvaceae), and Clitoris sp. ? (Papilion- 
aceae). At the edge of jungle clearings straggling masses of Cucunzis 
~13. ? (Cucurbitaceae) overhang pools. Fresh-1lTT-a t,er swamps have much 



t.hc same macroflora as the sma.llcr permanent pools, but generally 
contain a greater amount of cmerpent vegetation. A species of Ecpci- 
sctum (E. vwieycrtu,)/~ Schleicher !) makes LIP the bulk of the swamp 
flora at Palmalmal. 

Tliese and other plants afford mosquito larvae shade and a degree 
of shelter (Lairtl, 1946b). Pools with a comprehensive macroflora are 
seldom \vithout, developmr~ntal stages of mosquitoes unless they are 
heavily populated with various kinds of animals which prey on these 
insects. 

A~zo~~1~eles fa~cc uti Laveran. 1902, and Cztlex p~ll~s Theobald, 
1905, are typical of the mosquito fauna of permanent pools in the 
cJacquinot Bay area. Third and fourth instar larvae of these two 
species were used in the feedin g experiments with various predacious 
inhabitants of ground pools, discussed in the following pages. It was 
not deemed necessary to supply pupae to the predators in pure cul- 
ture, as the habits and size of the two kinds of pupae concerned are 
very similar. The aim of these experiments was to find not only 
whether the predators concerned destroy mosquito larvae and pupae, 

but whether they exhibit any preference between anopheline and 
culicine larvae. 

The follojving tcehniquc~ n-as employed in all the laboratory feed- 
ing experiments \vitll aquatic predators 11 hich inhabit ground pools 
in nature. Eight cnanmlled metal basins 12 cm. in diameter were 
filled to a depth of 8 cm. with boiled and filtered water from a natural 
pool, the hydrogen-ion content of which averaged pI-1 6.5. These 
basins were placed on a shelf within the laboratory, so that they were 
shaded from the direct rays of the sun by the overhanging roof. The 
temperature of tlie n-atcr Jvhich they held did not differ markedly 
from that of shaded natural pools. 

At the commencement of each experiment a single specimen of 
the predator concerned n-as placed in each basin. Tlventy” late instar 
larvae of A. ful*u?lti were placed in each of containers la and lb, and 
the same number of C. I~UZZUS larvae in containers 2a and 2b. Teni- 
larvae of each of these species were placed in containers 3a and 3b ; 
and twent(y pupae of a mixture of both species were added to con- 
tainers 4a alid 4h. Tile basins were then covered :vith mosquito-n~ttiag, 
to prevent, the escape of hatched imagines. 

Daily counts of the number of the developmental stages of both 
gcncra. eaten by the predators Jvcre made in the manner already de- 
scribed for tlle experiments with lM. inol*natlts (p. 456)) and were toll- 
tinned for five days in each case. The information under each experi- 
mcnt number in Tables 2-9 again refers collectively to containers (a) 
and (b) of the number concerned. 

Culex (Lutzia) halifaxi Th eobald, 1903. (Text-figs. 2a, 2b). 
The habitat +nccs of this predacious mosquito resemble - 

tllose of A. fcr~trirfi alid C. )N(Z~U.S (Land, 1946a). The results of feed- 
ing experiments carried out with fourtll instar C. 7zuZifalri larvae are 
riven in Table 2. 

_____~ 
” lpiTt!r a~itl j-twmfy-fiv(~ in tlir cases of Iwo ln.rpc 21 rid c3ccc~tli1~,~lp voracious _ 

IIl’(‘CliltUl’S_ 01’/7~~‘/l’!~~~/ ~~il/o.sc,c~il/rrlrr~,L (0~1011;\1;1) alIt TTjlrlcrlicrls lfiliyiotqfr,q __ 

( COl~V~ptel~il ) . 



‘1 ‘~.\;T_]Pl(;~ d.---C’lIIcZ (LlItG) licrlifwai, fcm~th illstay lurva. 
u. Hcxtl. b. Tvrmi tta1 al)tlomiliai hegmtnts. 

TABLE 2. 
lLq)eriinent 

Jlullll,~~. 1 2 3 4 
AIusquito species 

sul,I)lied to the AI llop?Leles Culca d~~ophelcs C'ules Jlixture ot 
predator as food. fnmnti. ]~l~lllrs. fwazcti. pull11.s. 

::rd and 4th ;:rd and 4th 3rd and 4th 
both species. 

3rd and 4th 
Developnental instar instar instar instar Pupae. 

stage supplied. larvae. larvae. larvae. larvae. 
Suniber of larvae 

01’ pupae eaten 
bS 2 larvae of 
C. hulifasi in 5 
days. 40 ::7 40 10 9 

‘I\ erage 11u111ber of 

l;w\-ae or pupae 
eaten by a single 
pw1ator each 
dag. 4.9 .> c .b. 1 4.0 1.0 0.9 

It vi11 be see11 that tllere was little significant ditference between 
the mean numbers of auopheline and culicine larvae destroyed in 
experiments 1 and 2, where larvae of one species only were available. 
Tn experiment 3. where larvae of both Anopheles and ClcZez were 
available, four times as many of the former as of the latter were 
consumed by the predacious larvae. As larvae of C. halifaxi rest at 
the surface of the water with their bodies very nearly parallel to 
the surface film, it would seem that their apparent preference for 
anoplleline larvae as food is merely due to the fact that these surface- 
dwelling larvae are more convenient to capture than culicines. The 
lllean number of pupae consumed by a single C. hcclifaxi larva in 
twenty-four hours was just under one. This predator was observed 
to meet with the same difficulty as did larvae of &I. inornatzcs in 
capturing pupae. 

- C. halifaxi larvae capture their prey with a sudden lunge like 
that made by N. ilzomtd us, and the feeding process closely resembles 
that of the latter insect. Unlike M. inm-nut?(s, C. halifaxi was rarely 
seeu to swallow the more heavily chitinized parts of its victim. Late 
instar larvae of C’. halifuxi slzo~ no reluctance to attack unwary 
men? hers of their own kind. Haddow (1942) records that CuZex 

-c (L u taia) tiyvipes Grandpre and Vharmoy displays similar cannibal- 
istic tendencies. 

Whenever C. lzcblifazi appeared in a pool already populated by 
other Cnlicidae, a decrease in the numbers of the other species present 
soon became apparent (Land, 1946a). Haddow (1942) records 



parallel observations 011 C. figrips at Kisnntn, Kenya Colony, where _ 
he feud this species the only- lllosqnito present in borrow pits whicll 
ha<1 been swarming with lamae of ;InoillzeZes yuntbiat! Giles a short 
tinzc before. 

C. lzulifuxi lanw readily consume developmwtal stages of other 
Diptcra as well as tllose of mosquitoes. They were observed under 
Ilatnral conditions attacking larmc of Stratiomyiidae and Syrphidae, 
and both larwe and pupae of (‘hirononlidae. In the laboratory the; 
fed on Tery small nynlphs of Xnisoptera and Ephemeroptera, but 
I\-onld not attack young tadpoles. MacGregor (1924a) makes reference 
to C. tiyripes eating chironoinitl larvae, small nematode worins, live 
insects fallen into the water, and eren young minnows. It was of 
particular interest to find that a C. Acllifasi larva attacking a S~rphid 
larva seized the latter at tile Imint of junction of the air-tube and the 
abdomen. Lambom (1920) records a precisely similar observation on 
(7. tigripes in Nyasaland. 

Tt follom from the laboratory and field observations outlined 
abo1.e that larrae of C. kaZifcr.xi play a not unimportant part in the 
llatnral control of those mosqnitoes which share their breeding places 
in the vicinity of Jacqninot Ba)-. Larvae of A. fnuwti are narticn- - 
larlp yulneradle to the attacks of-this predator, because of theirlsimilal 
llabitat preferences and snrfacc~-cl\\-~~llin~ habit. Although larvae of 
C. halifnxi were oftell obswwd at Palmalmal, imagines were seldom 
cncountwecl in the field, and were neyer known to bite man (Laird? 
1!)462-1). Cooling (1924) states that this mosquito rarely bites mall 
under Australian conditions. 

Due to the fact that in Australia this species is not plentiful 
enough iii nature to exercise any check 011 noxious species of mos- 
clnitoes, Cooling considers that it is of little practical importance in 
aiiti-mosqnito n-ork. Hamlyn-Harris (1929) comes to the same con. 
clusioil, pointing ont that (!. hu7ifu.xi is of distinctly seasonal OCCLIY- 
?wlce in Brisbane. 

Mos(lGtoes of the sub-genus Lutzia have been used in anti- 
lnosquito campaigns in other parts of the world. Howard (1910) 
records such use of CuZex (Lutzin.) bigotii Bellardi, stating that the 
predacious larvae of tllis insect effectimly destroyed larvae of AZdes 
?eg,yl~,fi TJinna(wS, xhich wcrc breedin g in artificial containers ii1 X0 
rle Janeiro. 

Oulw OIIONATA. 
Suborder ASISOPTEKA. 

n’yml)lial stages of several genera and species of the Anisoptera 
v-m~ fountl to be plentiful in the more permanent ground pools 
at Jacqninot Bay. Four of the most abundant species belong to 
the superfanlily T,ibellnloidea. Thrsc are Ortl~~trwr~~ cuZeclowic~~~~~~ 
(Braner, 1865). 0. villosovittutuu~ (Krauer, 186’7) (Libellulinae), 
AVeurotl~emi.s stigulcrtians (Fabricius. 1’758) (Xympetrinae) , and 
Pa?zfuZu .~~u~~~.s(*P~I.F (Fabricins, 17%) (Trameinae) . The nymphs of 
these species ~~erc most often see11 011 the bottoms of pools or clinging 
to marginal veg:etation. 

Orthetrum villosovittatum (Brauer, 1867). (Text-fig. 3.) 
The resnlts of fccdilq experiments carried out n-itlt fully-yrow~ 

nymphs of 0. ?,illosor~iffnfir,rr aw set out in Table 3. 

- 

-. 



lkqJc~riIIlrnt 
number. 

Jloscluito species 
supplied to the 
wedator as food. 

I )e\-elopmentxl 
stage supylied. 

Sumber of larvae 
Or pllpiLe eaten 
by 2 nyn1phs of 
0. r~i77o.sot~ittutuna 
in 6 davs. 

,I\-erage n&nber of 
Ial’Vae 01’ l,UIJae 
eaten 1~3 it single 
predator each 
day. 

TABLE 3. 

1 2 3 4 

_ZWO1Jll clrs Gulez d nopld eles C!uled Mixture of 
fwarrti. pullus. fnmcti. plllllLY. both species. 

::rt1 and 4th 3rd and 4th 3rd aud 4th 3rd and 4th Pupae. 
instar instar instar instar 
larvae. larvae. larvae. lalY-:lF’. 

:x 252 27 1’38 10:: 

3.6 25.2 2.7 19.8 10.:: 

It n-ill bc swn from tile above table that seven ti;ucs as many 
larvae of C’. j17(ZZu.s as of A. fmmti were destroyed when these larvae 
were in pure culture (experiments 1 and 2). When both genera were 
accessible to tllc dragonfly no-mphs (experiment 3) rather more than 
sewn times as many cnlicines as anophelines were consumed. At the 
clnd of this group of experiments water was emptied from all the 
containers holding both mosqnito larvae and odonate nymphs, until 
there was barely enough left to cover the n)-mphs. 0. villosovittutu~~~ 



fht’lt wized larvae of il. f~~lrti and C. l~~ll~~.s without8 discrimination. 
Thus it seems that the bot,tom-dwellin g habit of this odonate nymph 
prevents its eneonntering the surface-dwelling larvae of Alzopheles 
in the normal course of events, and leads to its apparent preference 
for culicine larvae as food. 

Nymphs of 0. viZZoso2’l;tttrtlcIr/ alld of other Anisoptera kept undcl 
observation in the laboratory consumed larvae and pupae of Chiro- 
llomidae, odonatc n~~~phs smaller than themselves, and young tad- 
poles, as ~v-cll as the developmental stages of mosquitoes. Garman 
(1927) considers that dragonfly nymphs probably devour members of 
all aquatic families of iiwwts as well as other aquatic animals outside 
this class. Young (1921) LIWI nymphs of Par,tnlu fiavescens in feed- 
ing expwimcnts at Rlanaos, IGrazil. He records that these nymphs 
destroyed large numbers of larvae of Steyonl yia dopus Me&en 
(=ABcZes cregyyjti Linnaeus) in the laboratory and under natural 
conditions. 

Anisopterid nyml>hs must destroy a great many larvae and 
pnpae of mosquitoes in natnrc. Swertheless, larvae, particularly 
those of knopheles, were often found in abundance at Palmalmal in 
small pools inhabited by dragonfly nymphs; and the latter consumed 
few anophelines as compared with culicines in the laboratory experi- 
mcnts. ObCously. as Hearle (1926) points out in regard to his work 
in 13ritish Columbia, the value of dragonfly nymphs as mosquito 
ctlcmks is 1 imikl by thclir l)ottolll-f~~edin~ llabits. 

Sinborclclr ZYG OI’TEI1A. 
Family AGRIONIDAE. 

Austroagrion sp. (Text-fig. 4.) 
Damselfly nymphs were COlklkllOkklJ- fOUlld SWilkllklillg near’ tile 

snrfaw of tlke more perkkkakkeklt ground pools abollt Palrrlallkkal, 
Feeding experiii1ents were carried out with fully grown 1lYlkkphS Of 
an unidentified spcc’ios belonging to the genus il?tstroag?*ioy2 (Table 4). - 

T.IHLE 4. 
Esperiment 2 3 

11umlwr. , 
Jlosquito species Culex 

supplied to the 
.I ao)&eles .I uophrles Gulrc IIIixl ure of 

predator as food. 
fu,‘c111ti. p1111us. fumuti. pw11t1s. both species. 

Developmental ::rd and 4th 21~1 and 4th ::I’(1 Jilld 4th 3rd and 4th 
stage supplied. iustar instar instar instar 

Pupae. 

larvae. law2e < . larvae. larvae. 
Number of larvae 

or pupae eaten 
by Z? nymphs of 
dustroagrian sp. 
in 5 days. 

Average number of 
larvae or pupae 
eaten by a single 
predator each 
day. 

101 93 37 48 54 

10.1 0.3 3.7 4.8 5.4 
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lc\*c~ls of pools as 1ve11 as at tile bottom, and t11n3, unlike tile 11prlphs 
o!’ L211isoptera, encounter larvacl of a7lopheles as readily as those of 
Culex. Mosquito pupae arc destroyed in some numbers by the ng~nl>lls 

of A /Zstroag?“ion. The former evidently gain a degree of protection 
by their habit of progressin, 03 by sudden darting movements, and only 
half as many pnpa~ as larvae were destroyed each day by the apiollid 
np~pbs kept under obser\-ation at Jacquinot Ray (Table 4). 

As well as attaoking the aquatic stages of mosquitoes, the 
zyopterid nymphs stl?died ate anv other srrlall aquatic anilnals that I 
they mere able to orerpon-er. Tt is considered that because of their 
free-swimming habits nynlphs of agriollid danwlflies are of greats 
importance as enemies of Cnlicidae, particularly of larvae of the 
‘V~LIS AnopF,heZes, than are those of Anisoptera. P 

Order HEMTPTERA. 
Hubordclr HETEROPTERS. 
Family N~T~NEcTHML 

- Enithares bergrothi Montandon, 1892. (Test-fig. 5.) 
lil. bergrothi was cormlonly recorded in long-established pools at 

Palmalmal. This species has been recorded from Australia and from 
several islands in the Pacific (Hale, 1923). The feeding habits of 
imagines of this notonectid were studied in the laboratory (Table 5). 

TABLE 5. 
Experiment 1 2 3 4 

number. 
3losyuito species A;?Lgfp C u ler .4,c0phe1es Cl1 ZPX Mixture of 

supplied to the . - p11lZus. fnmcti. plllZ/l~. both species. 
predator as food. 

1 )evelopmental 3rd and 4th 3rd and 4th 3rd and 4th :ird and 4 th I’upae. 

stage supplied. instar instar instar ins tar 
larvae. 1ar\.ae. liLr\-:lf?. larvae. 

Xumber of larvae 
01’ pupae eaten 
I)>- 2 adults of E. 
bf~ty~t~otlt i in 5 
ClaTS A\-erii& number of 

larvae or pupae 
eaten by a single 
lbretlator each 
da)-. 

52 97 3i 89 21 

3.2 9.7 r) .I . ‘ 2 8.9 3.1 



Iiefcrence to Table 5 will shop- that while Enithwes destroyed a 
large number of larvae of botll anopheliws and culicines, almost twice 
as many of tlicl latter were eaten. This fact can perhaps be explained 
b\- the circumstance that anophelinw, lying parallel to the water- 
surface, are not so readily seen by back-swimmers as culicine larvae 
whicll hang Ilead downwards from the surface. Few pupae were 
destroyed by this predator drwing the laboratory investigation. 
Wlatlimiro~\- alid Sniirnov (1911%) report that a species of A’oforlpf-tu _ 
which they studied ate ny to twenty-fiw mosquito lar\w a clay. They 
carried out experiments on several species of notonectids, most of 
lvhich destroyed more culicines than anophelines. Graham (1939) _ 
St&es t,hat the Sew Zealand back-swimmer dnisoy~s ussirailis White, 
devours mosquito larvae readily, but only eats pupae in the absence 
of larvae. 

At, Palmalmal, ten adults of E. bergrotlzi were introduced into - 
an uncovered water drum heavily populated with larvae of L4i;de.s 
.scz(feZZclris. The numbers of thr latter declined very sharply, and a 
searcll five days later rcsultetl in tile findiilg of only nincl late instar 
larvae of A. sc+lit~1Zu?*i.s in this drum. 

DempwolR (1904) , working ill what was then German New 
Guinea, observed that, waters which contained many notonwtids _ 
harbonred no mosquito larvae. Within a week this investigator 
brought about the destruction of all the mosquito larvae in seventeen 
water tanks by introducing Notowecfa into them. 

E. benyothi wad seldom suEciently plentiful in nature to act - 
as a really efficient check on the breedin, cp of mosquitoes in ground 
pools. As Hale (1923) has pointed out, this species leads a solitary 
rather than a gregarious existence. Its usefulness as a mosquit,o 
enemv under natural conditions is thus curtailed. However, like 
mans; other notonectids, E. bergrothi can be put. 
control of mosquito larvae i n artificial containers. 

to pood use in the 



ic;r, !L’t*unsucl iows 

Family GERRIDAE. 
Kpeeies of the genera Limnoyonus, Mesouelicr, and illic~oveliu 

I\-cre conimonly present on the surface film of the more permanent 
ground pools at Palmalmal. Unfortunately, there was insufficient 
time available to carry out feedin g experiments with these insects 
before my departure from New Britain. _ 

TEXT-FIG. O.-Limlzo,goirus fossarum. 

A large gerrid, Liruwyon 11s fo.ssu~*~~m (Fabricius, 1775) (Text- 
1 fig. 6), was observed in the field sucking the body juices of a newly- 

hatched image of Czllex f rrr udcctkr Theobald, 1905. Other specimens 
of this insect were seen to attack late instar anopheline larvae. It 
appears, however, that various terrestrial and aerial insects that have 
fallen into the water provide the main source of food for Lirnnogonus 
and other genera of water-striders. 

It was noticed that pools with heavy populations of gerrids never 
contained many anopheline larvae. This circumstance could not be 
ascribed solely to the presence of the water-striders, for other aquatic 
predators of proven value as mosquito enemies were always present 
as well. Nevertheless, by reason of the facts that Gerridae are of 
surface-feeding habit and that Linznogonus was actually observed to 
destroy larval and newly-emerged anophelines, it appears likely that 
members of this family are of some importance as lnosquito enemies. 

Order COLEOPTERA. 
Family GYRTNIDAE. 



encountered in permanent ra s)round pools at Palmalmal. As many as 
two hundred adults of this active little “whirligig beetle” often 
occupy an area of only a square yard of the water surface. 

Adult, specimens of G. ,sP~iceoZin~ 7)cr/~s brought to the laboratory 
refusecl to remain in tlleir containers. Even when placed in a large 
basin covered with netting tliey spent most of their time out of the 
water. Thus a simple field experiment was undertaken with a view 
to gaining some idea of the part played by this gyrinid as a predator 
of the Culicidae. This experiment was carried out in a temporary 
rain pool averaging 11 ft. 6 in. in length, 4 ft. in breadth, and 9 in. 
in depth. lt was estimated that the pool held about five hundred _ 
larvae of Anopheles pnctu1atvl.s Diinitz. There were no other aquatic 
animals present with the exception of a few chironomid larvae. One 
hundred gyrinid beetles were collected from a permanent pool sup- 
porting a heavy population of these insects, and were transferred to 
the temporary rain pool. A visit Jvas made to the latter pool twenty- 
four hours later, when a search revealed the presence of only forty-six 
anopheline larvae. After a further twenty-four hours no anopheline 
larvae whatsoever could be found. 

While working in Mauritius, d’Emmerez de Charmoy (1902) 
found that three adults of the gyrinid Dinezctes indzcs consumed fifty - 
anopheline larvae in three hours. However, Derivaux (1916) observes 
that even n-hen a certain Sorth American species of the genus 
Dineutes is abundant in a natural pool anopheline larvae are not - 
particularly difficult to find. He states that although anopheline 
larvae are soon captured and eaten by these beetles in a basin filled 
Tvith clean water, on1y a few larvae are captured, and these apparently 
by accident, when surface debris in the form of twigs is added to 
the water in the basin. Dcrivaux thus considers it improbable that 
gyrinids are of much significance as moquito control agents, as natural 
pools usually contain sufficient surface debris to shelter ,4nopheles 
1 arvae f ram these beetles. 

Anopheline larvae were seldom recorded from natural pools sup- 
porting populations of G. sericeoZimba,tzls at Palmalmal, rl!hough 
these pools seemed admirably suited for the breeding of Anop.“eZes - 
fccrauti, and surface debris in the form of fallen branches and floating 
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leaves was usually present. Owing to the fact that this species of 
Gyrin~s only inhabits pools of a permanent nature, other predacious 
insects are always associated with it. Thus, the absence of anopheline 
larvae from pools containing G. se&eoZimbaf~cs could not be ascribed 
solely to the activities of the gyrinid. Nevertheless, by analogy with 
the experimental elimination of large numbers of A. pwzctdafzrs 

- larvae by the introduction of G. sericeohabatus into a temporary pool, 
it is evident that this gyrinid is of definite significance in the bio- 
logical control of anopheline breeding, although its importance in this 
respect is limited by its comparative rarity in nature. 

Family DYTISCIDAE. 
Hydaticus litigiosus Regimbart, 1887. (Text-fig. 8.) 

. Table 6 gives the results of feeding experiments carried out with 
imagines of t.his diving beetle, which was usually encountered in some 
numbers in permanent pools in the neighbonrhood of Palmalmal. 

Experiment 
number. 

1 

Mosquito species Snopheles 
supplied to the fnmcti. 
predator as food. 

Developmental 3rd and 4th 
stage suplnied. instar 

lnrrae. 
Number of larvae 

or pupae eaten 
by 2 adults of 
H. 1itigiosu.v in 5 
days. 13 

Average number of 
larvae or pupae 
eaten by a single 
predator each 
day. 1.3 

TABL.E 6. 
2 3 4 

Linopheles 
f arauti. 

Culex ’ Mixture of 
pullus. both species. 

3rd and 4th 3rd and 4th 3rd and 4th 
instar instar instar 

Pupae. 

larvae. larvae. lawae. 

7 31G 114 

35.2 0.7 31.6 11.4 

It is evident from the above table that H. Zitigiosus destroyed 
about thirty times more larvae of C. ~MZZKS than of A. farad when 
supplied with either pure or mixed cultures of these species. This 

TEXT-FIG. 8.-Hydaticus litigiosus, 



apparent prcfercwcc for culicillcl larvae as food is brought about by 
the l~ead-don-11\\-arcls attitude assumc~l by the diving beetle when near 
the water surfaw. In tllis attitude it c’an detect larvae of Czllexl, but 
not those of the snrfacc-cln-ellillg Anoph cles. Although anopheline 
larvae are normally protected from the attacks of H. Zifigioszrs by 
rirt,ne of their surface-dwellin? habit, theJ- are seized by the predator 
without discrimination when caused to leave the water surface. 

Tlfro dytiscids, a male and a female, were kept in a vessel con- 
taining 8 cm. (250 cc.) of boiled and filtered water. The water in 
this container was clanged each leek, but no animals other than 
larvae of 9. fal*n?lti were admitted. Any anopheline pupae were 
removed as soon as their presence was noticed, and they were replaced 
with early instar larvae of the same species. At the end of three 
weeks the female Hydtrticus died, its body being promptly eviscer- 
ated by the male, During all this time only thirty-five of the anoph+ 
line larvae in the beaker hack been consumed by both beetles. After 
a further week fifty larvae of C. pz1l.h~ mere introduced into the 
beaker. The surviving water beetle immediately began to attack these 
larvae, eating eleven within tllc first five minutes. All the larvae had 
bwn consumed at the end of an hour. 

It was found that an average of 11.4 pupae were consumed by a 
single Hydnficm adult each dar, Like the predators already dis- 
cussed. this diving beetle was often seen to be eluded by pupae, 
although larvae were seldom observed to avoid capture. 

In feeding, H. Zitigiosm captures its prey with a sudden lunge of 
its forelegs, then rises slowly to the surface while guiding the victim 
to its mouthparts n-ith its fore and middle legs. Usually both larvae 
and pupae are eaten bodily, but sometimes the more heavily chitin- 
izcd parts arc discarded. 

Hargreaves (1932) records that an Italian dytiscid devoured 
larvae and pupae of all mosquito species fed to it, at the rate of twenty 
a day. Ho77md (1912) quotes Galli-Valerio and Rochaz de Jongh as 
stat.ing that, an adult of D!ytiwus rrrwginnZ$s Linnaeus, although pre- 
viously fed with meat, deyoured g treat nufilbers of mosquito larvae 
and pupae. No observations on the predacity of water beetle larvae 
were made at Palmalmal, although many authors have referred to 
the voracity- of dytiscid and hJ-clropl~ilid larvae as mosquito destroyers. 

Anopheline larrac Jvere often present in large numbers in pools 
inhabited by H. Zifigioms, althonyh species of C7cZe.c were seldom 

. found in any numbers in association with the beetle. From this cir- 
cumstance, and the results of the laboratory-feeding experiment,s out- 
lined a,bore, it appears that wllile H. Zitigiosws plays a significant part 
in the natural control of culicine mosquito breeding at Palmalmal, 
this beetle is of little importance as a factor in anopheline control. 

Copelatus al?. (Text-fig. 9.) 
This little dytiscid is a new species as yet undescribed, but for 

which Ralfonr-Browne proposes the name of Copelntlls Zai)&. It was 
commonly encountered in permanent pools throughout the Jacquinot 
Bay area. The results of feeding experiment,s with imagines of this 
water beetle are tabulated below* 

- 
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TABLE 7. 
Experiment 1 2 3 4 

number. 
Afosquito species .*l nopheles Ciclez .l?zopheles Gdex Mixture 01 

supplied to the fwnu~ti. plr llus. fnrauti. plllEU8. both species. 
predator as food. 

I ~erelopmental 3rd and 4th ::rd and 4th 3rd and 4th nrd and 4th 
stage supplied. 

Pupae. 
instar instar instar instar 
lar vile. hlT$~P. I:ir\-ae. larw~. 

Sl11111W1 of larvae 
01’ Iwpae eaten 
bS L’ adults of 
Coprlntua sp. in 
5 davs . I* 4G 58 29 37 1 

.\verage number of 
larvae or pupae 
eaten by a single 
predator each 
day. 4.6 5.8 2.9 3 .7 0.1 

It will be seen that ~‘opelotus sp., in contrast to H. litiyioms, 
devoured wz‘y nearly the same number of Anoplzeles and Clclex larvae. 
The reason for this is that Copplatlts sp., nnlike H. litigioms, spends 

much of its time in hunting prey near the I\-ater snrface and thns has 
an eqnal chance of encountering larvae of both genera. Only a single 
pupa was destroyed by one of these predators during the investiga- 
tion. The small size of this diving beetle makes the capturing of snch 
vigorous and heavily-chitinized prey a difficult mat,ter . 

Alt,hough a single adult of (lopdatus sp. was unable to account 
for any great number of mosquito larvae each day, the species was 
often present in natural pools in such numbers as to act, as an impor- 
tant check on mosqnito breeding. 

Class ARACHNIDA. 
Order ACARINA. 
Family HYGROBATIDAE. 

Limnesia jamurensis Oudemans, 1905. (Text-fig, 10.) 
- Althongh adults of this large water-mite did not attack 

mosquito pupae or later instar larvae in the laboratory, they readily 
consnmed eggs and very small larvae of both it. fwwcti and c. gw12~s, 



Feeding experiments with this species were carried out in the manner 
previously described, except that eariy instar larvae and eggs of 
12. favauti and P. ~)uZlus IVCTC nwd in place of late instar larvae and 
pIl]‘aC. Tilt: rcwlts of tltesc cxpc~rim(~nts are set out in Table 8. 

‘I’,\l<T,rs 8. 
J:klwriuicnt 1 2 :: 4 

nurliber. 

Jlosc~uito slwcirs .I )I oplr f3le.s (111lf~.C ,1 lloplzR1a.s ( ‘II le!E Jlixlllrc~ of 
supplietl lo the frrrvrrfi. ~,llz7rrx. 
J~l’eclator ws food. 

fwarrti. Ilrtllrtx. both spwiw. 

I hv?la~mwntwl 1 st instar I xt instar 1 st instar 1st iustar 
stage supldied. 1WWC. 

ISgg,s. 
laWa& 1:1r\-;te. larvae. 

SLllllbW of larvae 
or eggs eaten by 
I? wlults of I,. 
jrrr)I rcvellsis in 5 
tlaJ3. GG ii r, “8 2.4 178 

,I vrwgr number of 
l:\tww or ~&x.S 
eaten by a single 
prt?dator each 
day. 6.6 i.7 3.b 2.:: 17.8 

Table S shows that thaw was little diffwww betwwl the num- 
hers of early instar larlrac of Ano~Aeles and Cltle,c destroyed by 
Ii. •inw.~rl*ensis. This active mite incessantly swims about near the 
water surface, where it can seize larvae of either of these mosquito 
genera. Almost three times as many eggs as larvae were destroyed by 
the hydrachnid during the experiments. 

I,. Citr~~l ~rl~en.sis adults inllabit long-established ground 11001s at 
Palmalmal. Larvae of this water-mite were collected from the thorax 
and abdomen of mosquito imagines. Female imagines of Czlles p2dlm _ 

were occasionally captured with from one to four or these larvae 
clinging to them, usually on the sides of the abdomen at the junction 
of two of tile segments. Eleven larvae were obtained from the 
abdomen and thoracic plc~~a of a female dGc7e.s belonging to an 
undescribed species. 

Uchida (1935) describes the life-history of a ~Japanese water- 
mite, the larvae of which attach themselves to mosyuito pupae, trans- - 
ferring from these to the imagines at hatching. The adult mosquitoes 
carry these larvae to other pools, where the llydrachnids resume an 
aquatic existence. Tt wonltl seem that L. jam IIY~)~s~‘.s is transported 
from pool to pool in a similar manner. 

Lamborn (1890) records that a species of red mite was observed 
to attack the eggs of Odonata. and Hearle (1926) states that a -- 
llyclrachnicl. f’o~n~d ill wttonn.ooti swa~ups ~II Gitish ~‘olnrnbia slakes 
mosquito larvae its chic>f food. 





tadpoles arc of little if alI)- significance as predators of the Culicidae ; 
althougl1 n-hen large numbers of tadpoles and mosquito larvae in- 
1Iabit the sanIe pool it is 1,robwble that a proportion of the emerging 
mosquitoes are kiiocketl o~ci and drovxed as a consequence of the 
constant agitation of tlIe water surface by the tadpoles. 

Such inciircct control forrils a natnrul parallel of Tarions tpl)rs 
of artificial coIItro1 which aim at causin g agitation of the water sur- 
Face. L1n example of this tylw of artificial control is mentioned by 
Cove11 (1943). who states tlIat in parts of Malaya pools on hillsitles - 
are fed bg’ water from split bamboo conduits, tlIc ends of which arc 
supported about four feet above each pool. The resultant constant 
~111 ashing and rippling of tlIe water surface inhibits mosquito 
breeding. 

IT .-PReDATORs OF ADI’LT (YI’I~ICIDAE. 

Family ARGIOPIDAE. 
TlIe horizontal orb webs of a spider of the genus lZi1/leivc2 often 

slx~ii narrow y~ouiid pools in Sew Britain, and are commonly found 
stretched among the grasses bordering larger water bodies. Vertical 
orb wbs are built in similar situations by spiders belonging to the 
genus Xpfa. SuclI webs trap inany newly-hatched insects which are 
leaving the pools, and the remains of adult mosquitoes and midges 
were commonly found in then1 at Palmalmal. 

Spiders undoubtedly capture many newly-emerged nioscluitoes 
and probably older oyipositing insects as well, tlIns playing a l)art iII 
the biological control of Culicidae. 

MIR~~ELT,ANE;OT~S PREDATORS. 
Many insects, especially adult dragonflies. are known to feed on 

niosquito imagines. The activities of the majority of such insect _ 
predators are restricted to the daylight hours, and they are thus of 
little use in the control of adult Ano1,72eles, which are most active iII 
the e\-eniiig. KItIall bats n_lIich capture flying insects attracted to 
liylits in tlie early evening:, and the common house gecko Geky~a 
ocecrniccl (T&son. 1830) which de~‘ours insects settling on the walls of - 
buildings, must be iInmbered among the more important predators of 
adult, anol)helinc mosquitoes in the l Jacqninot Ray district. 

CONCLT-SIONS. 
It must be emphasized that with the exception of Megwkinz~ L 

inomcitus, the predators of mosquitoes at Palnialmal are of purely 
local significance. As Hinman (1934) states, the frequent association ’ 
of mosquito enemies with their prey indicates that their usefulness is 
probably limited to artificial containeks or small collections of wat,er 
(cf. Enifhnrrs hfw/lxdi, 1’. 465) It n’as found that the presence of 
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eve11 large numbers of any one species of predator reduced, but by no 

means eliminated, mosquito breedin, m in numerous pools at Palmalmal. 
Nevertheless, mosquitoes Jvere never abundant, if present at all, in 
permanent pools which contained stable associations of several kinds 
of aquatic predators. 

As was proved on many malarious islands during the recent war 
in the Pacific. an area of reasonable size can be rendered free from 
malaria by an intensive control programme. Such an anti-malaria 
campaign involves control of both the Pla~smodilrm in the human being 
and of the anopheline vector of the Phsmodiztnz. The first of these 
requirements is accomplished by treatSment or removal of gametocyte 
carriers in the local population, and by suppressive therapy involving 
t,he use of such drugs as atebrine ; tlw swo~ld, by measures directed 
against the adult and developmental staqes of Anopheles. 

Ori~ of the most generally useful mosquito-control measures is 
the treatment of such breeding places as it is impracticable to drain 
or fill, with various larvicides. During the later war years D.D.T. 
(dichloro-diphenyl-trichloro-ethane) largely replaced other chemicals 
used as larvicides. 

In such a campaign, all pools suitable for the development of 
9rzopheZes should, of course, be subjected to full control if sz~~‘cis~~t 
personnel and n?nterieZ are IxvcxiZcrbZe for control to be maintained 
cficiently. Where a control project involves the protection of only 
a small number of men-such as the staff of a radar post or coast- 
watching station-labour and materials will very likely be in short 
supply. Tt might be possible in the initial stages of occupation of 
such a post to spray every anophelinc breeding place within what is 
considered a safe radius with a D.D.T.-base larvicide. Now, alt.hough 
the wholesale application of D.D.T. to breeding places affords an 
excellent means of controllin g mosquitoes, it must be borne in mind 
that not only mosquito larvae but their predators as well will be 
killed. If it proves impossible to maintain larvicidal treatments 011 
a weekly basis, due to a drawing-in of the control perimeter, or a 
shortage of personnel or materiel, mosquito breeding will recommence ; 
and permanent pools which had previously harboured a minimal 
number of mosquitoes because they contained a stable predacious 
macrofauna, will become major centres of mosquito breeding. Such 
pools would have served as reservoirs for mosquito enemies, and the 
number of anophelincs developing in them would have been insignifi- 
cant, if they had not been treated with D.D.T. in the first place. 

It is suggested that before’ the commencement of a mosquito- 
control project an entomological-survey team should enumerate those 
permanent pools where the presence of aquatic predators keeps the 
breeding of Culicidae down to a low minimum. These pools should 
not be sprayed with D.D.T. unless t#here is a definit,e assurance that 
regular control can be maintained. This suggestion applies only to 
small camps of a temporary nature. F~tll anopheline control should, 
of course, be maintained within a sufficient radius of all permanent 
camps and airfields in malarious zones, without reference to the pre- 
dacions macrofauna of the breeding places concerned, 



The results of field and laboratory obsewations indicate that 
larvae of GltZ~x (Lutaia.) hulifnsi (Dipt. Culicidae) and of Zygoptera 
(Odonata) , and adults of G~g~in IIS sPl’i(‘~?OZi)llZ)rrflrs (Co]. (‘ryrinidae) , 
Limnesia jcxnt t~re~~si.s (Acarlna, Hygrobatidae), and perhaps of various 
species of Gerridae (Hemiptera ) are among the most efY”ectirt pre- 
dators of larval anopheline mosquitoes at Palmalmal. 

Of lesser importance in the control of ,-lno$eZes, although useful 
predators of cnlicine mosquitoes, are H?~~a~ic~rs Zitigioslrs. Copclcrtus 
sp. ((701. Dytisc’idae) , Enithaws ber~grothi (Hem. Kotoned:titla(>) , antI 

Orflzetnrnt villosovittcrtun~ ;cl~d otllcr Anisoptera (Odonata). 

Spiders of the genera Epeivrr and IVcfa, n-hi& spin webs over 
breeding Poole, bats, and the house gecko G&?/m ncmniccr are of some -c 
importance as predators of adult mosquitoes. 

Megwhin~s inomatws (Dipt. Cuiicidae) is worthy of considera- 
tion as a biological ally in future campaigns against the sc~~teZZwi.c - 
group of the genus ,4i;c!es. as its breeding habits parallel those of the 
latter mosquitoes. 

The introduction of Enithares bergrothi into metal tanks and 
drums in the Jacquinot Bay area should provide a practicable means _ 
of controlling the breeding of “ domestic” mosquitoes when other 
methods are undesirable. 

With the exception of M. inomcltus, the predators discussed in - 
this paper are probably of purely local importance. 

There may be sufficient aquatic predators in certain permanent 
pools to control the breeding of anopheline mosquitoes effectively. 
Treatment with such larvicides as D.D.T. n-ill destroy these predators 
as well as any mosquito,es present,. Unless larvicidal treatment is 
repeated on a \I-eekly basis, Culicidae will quickly establish themselves - 
in the absence of their enemies ; and pools that had been of lit,tle 
importance as mosquito breedin g places will become major centres of 
anophel ine development. 
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