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1. Df'.c'RODUC'l'ION. 

A knowledge of the behaviour of adult mos qui tos has been 8,n 

important step in determining methods sui ta.ble for their control, 

Consequently :riost of the published work on mos qui to behaviour 

concerns those of :'.ledical importance, '.l'hese works have shown 

that unfavourable weB,ther conditions may severely limit the 

activity of adult mos qui tos. Aedes asbworthj_ is particularly 

dependent upon favourable weather conditions since its typically 

windy, seaside habit is devoid of protective vegetation. For 

this reason it was thought that vd.nd would be an im})Ortant 

factor limiting adult activity, 

The aim of this study was to gain some knowledge of all 

aspects of the behaviour of Aedes ashworthi adults and to 

determine the extent to which their behaviour is influenced 

b/ physical factors, in particular wind. 

2, _ BI'rING HABITS. 

INTRODUCTION. 

Early observations at Triggs Island showed A.ashworthi 

females to be nocturnal in their bi ting be.haviour, onl: 

biting during the daylight hours when disturbed from their 

resting places. It appeared that their actj_vity was not 
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crepuscular. The population was small to provide infor,rmtion 

on the effects of meteorological and astrono,nical variables on 

co,mnencement, intensity and cessation of bi ting. A search was 

therefore .made for a ,'!or,:, sui.table study area. The population 

at Radar Reef (Rottnest Island) was found to be the largest 

within a reasonable distance from Perth. All further 

observations on biting behaviour were made at this locality. 

MATBRIALS AND METHODS. 

Three nights (17th - 19th March inclusive) wer spent 

sitting amongst the rocks in the Radar Reef study area catching 

biting females. Catching began half an hour before sunset and 

was terminated half an hour after sunrise. Only my left 

forearm was exposed for biting, my face being covered by 

mosquito netting, and the rest of m-1 body well rugged. As soon 

as alighted females had begun to draw blood they were 

captured and kept separately in small phials. Each hal:f hour's 

catch was kept in a separate, labelled bag. At the end of each 

half hour interval, wind strength, ambient temperature, and 

relative humidity were recorded, An ano:,:ometer was used to 

measure wind speed, and a wet and dry bulb thermometer to 

measure relative humidity. Bach night's catch was subsequently 

examined to ensure that it included only A.ashworthi females 

and not :females of some other mosquito species. Half hour 

collection intervals wero chosen to best reveal the sudden 

sharp fluctuations in numbers biting in rcsDonse to changes 

in illumination and wind strength. 
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To be able to capture biting mosquitos it was necessary 

to see them. On windy clear nights, when biting did not begin 

until after moonrise, this was possible. However on overcast 

nights individuals could not be seen without the aid of a light. 

Unfortunately A.ashworthi females were shy o:f torchlights, 

taking off as soon as the torch we.s swi tbhed on. An alternative 

method. was to score the mm her of bites that J felt in each 

half hour interval. H01.-vever so many ,i tes were unfelt or 

imagined I was unable to use this method. No quantitive account 

of biting activity can therefore be given for nights of poor 

visibility. 

RESULTS. 

The nights of the 17th and 19th March r;1ere clear skyed, 

with strong and light sea-breezes respectively. There was 

sufficient illumination from the sky on both nights for bl:,od­

drawing femaJ.es to be seen and captured. The resnlts of each 

night's capture are shovm in fie;ures 1 and 2, with corrnsponding 

relative humicli ty, ambient temperature anct vJind speed 

recordings. 

On the night of the 18th March the sky was overcast, 

making it imposBible to capture biting females after darkness. 

Unlilrn the 17th and 19t:, March there vms no breeze from em:·ly 

afternoon until early morning. rl1here appeared to be a peak of 

bi ting 1:1oti vi ty during the hour after sunset, tapering of'J' to 

a lower level for the followi.ng bour at wh1ch time the catcb. 



-~···············•···· 
. . ' . 

. '. > ' ; ·- . ' ii ..... 

' • • , • I • • 

re-c.Ordi11.g~. :ro:r 
1 nlo.iid). 

! 



5. 
H.elative purnidity 

1 .Ambient temp.e;rature 

J3iting J:'hythm 



, 

6. 

was discontinued. 

The second stay at Rottnest It3land ( 15th - 19th April) 

was less :fruitfuJ.. Although the early hours each morning 

( <,,.ppr'oxbw.tely 0300 to 0600 hours) were sui tahl e for bi_ tine; 

actlvj_ ty - breczeB less than 4 m. p. h. - very few adult 

mos qui toes ,,vere found. at Radar Reef, or elsewhere around the 

coastline of Rottnest Island. 

DISCU;3SION. 

Aedes ashworthi females are nocturnal in the1r biting 

habits. .As evidenced by fj_gures 1 and 2, no bi ting occu:rs 

before sunset or after sunrise. With suiteble weather 

conditions, there is intense biting activity shortly after 

s1m::�et and shortly before sunrise. 1.rhese peaks of activity 

are more pronounced tJ-:ian would appear fro::1 figures 1 and 2 • 

For example, the eJ.even bites shown in figure 1 between 0514 

and 0614 ( ��unris(::) actually occured between 0540 and 0547. 

Because measurement and recording of relative lmmic1i ty, ambient 

temperature and wind speed took up five rn.inutes o.f each half 

hour 1 s catching time it w�s not possible to use shorter catch-

time intervals to better reveal these peaks. 

The results also indicate that biting rate declines to a 

low level follovd_ng the peak after irnnset cmd 1)receeding the 

pe�c before sunrise. This decrease in activity before or 
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after a period of intense activity has been described for 

me.ny mosquito species. 

As anticipated, wind inhibits biting activity of females. 

No biting occured with wind speeds in excess of 7 m.p.h •• 

Figure 3 illustrates the inverse relationship that exists 

between wind speed and intensity of biting activity. 

Although other workers have described the influence of 

wind on '.·n.osqui to activity patterns none to my knov,ledge have 

carried their work any furt:her than confirming that wind is 

unfavourable. This is because the species which have been most 

closely studied are those in regions where wind is not as 

important an environmental factor. This is not necessari1y 

due to there being less wind, but rather because adults are 

afforded shelter from wind influence by vegetation e.g. forest 

canopy. The extent to which wind affects the behaviour of one 

biting insect however has been revea1ed by D.$. Kettle (1969). 

Kettle has shown Culicoides fureno and C. barbosaj_ ( "sandflies n ) 

to bite with bursts of activity at dawn and dusk and with 

variable activity during the nizht. He found biting activity 

to be inversely related to wind speed; no biting occurring with 

wind speeds in excess of 8.3 m.p.h. 

Unfortunately, the biting pattern for a completely 

vdndless night could not be obtained. From the results of this 
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study it is e}{.pected that on such a night biting would begin 

with a peak: after sunset, then one or a number of peF3,ks durine; 

the night, concluding with a peak shortly before sunrise. The 

influence which relative hunidi ty and ambj_ent temperature may 

exert on the biting activity of A.ashworthi was masked by the 

apparently more important factors, light intensity and wind 

speed. 

An attempt was made to identify the preferred host(s) of 

A.ashworthi females. The intention was to catch b1ood-fed

females by light trap and to examine their blood meal to 

determine whether it contahied nucleate or enucleate 

erythrocytes, thus establishing whether the principal host was 

mammalian or not. However, since A.ashwortbi females turned 

out to be shy of lights, light trap>ing was not successful. 

It is suggected that a future worker use a carbon dioxide -

emitting trap. Judging f±om my observations the most likely 

hosts (���luding man) are Pied Cormorants (Phalacrooorax varius) 

and Silver Gulls (Larus novaehollandiae). These birds roo�t 

around rock pools in the splash-zone at night. 



3. SWARMING.

INTRODUC'.J.lION. 

10. 

Many species o.f insects are known to swarm. The swarming 

habits of some mos qui to, .species, especially of those of 

medical importance, have been studied in detail. The literature 

on swarming of crepuscular and diurnal forms has been reviewed 

by Nielsen and Haeger (1960), Chiang (1961) and Chiang and 

Stenroos (1963). 

The purpose of this study was to determine whether 

A.ashworthi adults swarme@, and the manner and extent to which

such swarms might be influenced by certain physical factors. 

Throur)lout the period o:f. study, no swarms were found along the 

coastline between Watermans Bay and Point Peron, or at 

Rottnest or Garden Islands. Swarming WD .. s first observed at 

Wyadup (3 miles south of Yallingup) on the evening of the 

22nd of April. 

Wyadup is a headle,nd on the coastline between Cape 

Naturalist and Cape Leeuvvin. It is :for11ed by enormous boulders 

of igneous rock. Crevices and depressions in the rock forrm 

breeding pools for A. asl1worthi. The headland is com"))letely 
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devoid of vegetation. 

All observations on th0 swarming habits of A.ashworthi 

were made at this locality during this ana the following three 

days. 

OBSI�?,VATIONS. 

a). Resting_PJ.e,ces. 

Male A.ashworthi arrived at the swarming site from 

crevi oes in nearby rock formations. The dark, moist nature o:f 

these crevices affords protection against dehydration during 

daylight hours. Males could be driven into the open during 

the day by scraping a pencil along these crevices. IndividuaJ.s 

disturbed in this manner flew directly to nearby crevices. 

b). J!'l�-���ts _ Before S·earmi_�f:f• 

Some male flight activity before swarming was 

observed. Most flif-shts to the swarming site were interupted 

by brief stops at rocks along the flight path. Although all 

males in each swarm appeared to come from crevices with.in a ten 

foot radius of the marker, the nature of the terrain made it 

cli.ffj_cul t to observe longer flights to the swarm. Supposed

male movements nould also be attrHmted to females active in 

the areae 
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c). Swarming Sites and Markers. 

Male swarms were generally observed in the following 

locations.. 'l!li 
a) Between boulders at the water's edge within 1 ft. of the1[

water's surface. 

b) Under the lip of overlying boulders 2 - 4 ft. from the

ground and up to 25 ft. above sea level..

Swarming sites were typically areas in the lee of rock 

outcrops and thus well protected from the prevailing breezes. 

Swarms were .found in the same limited number of locations 

on windy and windless nights although with windless conditions 

far more sites would have been suitable for swarm formation • 

Even on windy 11..i.gl1ts there were many more sites su:l te,ble :for 
II\ 

swarmin_g than were used. Thus it appears that male A. ashworthi I!. 

make use of specific II swarm markers 11 as do most other spr:cies, -It\
o:f mosquitoes, and do not swarm just anywhere where conditions 

are suitable. 

Most swarms use particular protrusions from sheltering 

rock formations as swarm markers. Swarms were always formed 

to leeward of these markers. The posi ti.on of the swarms 

relative to their ".llarkers has no constant relationship with 

light direction. 

l�-l
u 
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On one occasion a swarm was observed wbich did not use 

this type of swarm marker. This swarm was over and close to 

the surface of a roclr. pool which was without surrounding bould­

ers and which contained A.ashworthi larvae. Notably it was 

a windless night. 

d). The Swarms. 

Al though J_t j_s dJ.fficul t to est.i:r1s.te the number of 

individuals in a sw11rm, most swarms appeared to contain 

between 100 and 500 individuals. 

The shape of the swarm depends larcely on the shape 

of the ,,warm mar1rnr. Swarm,s formed over a single rock j'itting 

to a poj_nt are roughly s1)heric2cl in shape. A number of small 

swarms of this· shape may form at the same sv>1a.rming site. These 

swarms may be as little as 2 ft. from each other. Each 

to use a different rock protrusion as its swarm marker. 

Spherical swarms are corn:nonly 2 ft. in diameter, but may vary 

between 1 ft. and 3 ft. in diameter. 

·where tl1e marker is an elongated rock overhang the swarm

may be drawn out into a cylindrical shape or may be broken into 

a series of smaller sphe·rical swarms. 

Individuals within a swarm did not fly in any fixed patt 

Each male flies in an a:pparently random· zigzag manner such that 
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it flies through all regions of tl:le swarm. 

Swarms were safilpled on four occasions with a sweep net to 

determine the male/female ratio of the swarm. Of fifty- six 

aniinals sexed, only one was :female. 

No audible noise was em::.tted by the swarrp. 

e). �cologiqal Factors. 

J?or each of the four nights on whj_ch swarming was 

observed, weather conditions were very simiJ.ar, there being a 

light breeze (0 - 10 m.p.h.) and completely clear skies. For 

this reason little vrecise information could be gathered on th.e 

effec t;s of meteorological variables on swarming behaviour. 

(i.e. cloud cover, wind speed, rain, ambient temperature, 

relative humiditv). However, since to:pographical variations 

produced localized differences in illumination and wind 

strength, some assessment could be make of the extent to which 

these two factors ini'luende swarming behaviour • 

.
f

Wind. Male swarming occured only in areas well 

protected from the wind, Wind strength in these areas was less 

than 2 m.p.h. although the prevailing winds at the time were 

5 - 10 m.p.h. 

A demonstration of the effect of wind strenftth on 
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swarming behaviour was afforded by a swarm which formed 

downward of myself while I ·was crouched amongst the rocks at 

the water's edge. The swarm was using my back as its marker. 

By standing up I �oved from a sheltered position into a 5 m.p.h. 

wind. The swarm at fir;:.it followed me up, then broke up due to 

the wind's influence, the participants dropping down into

the protection of the rocks. By repeatedly standing up and 

crouching down I was able to p:romote tl1e formation and break-up 

of the swar:n. 

lJ. Ti'.ne and Illu·:1ination. The developement of four 

adjacent s�arms was studied on two consecutive evenings 

(25 rd and 24 th April). '.i.1hree of' these swarms were in open 

positions amongst boulders at the water's edge. The fourth 

sheltered from much of the sky' :3 illumination 1)y the ledge 

9f a rock overhang. 

On each of the two nights s-wa:cm formation in the more 

open positions began at 1802 hours, 1 :5 mi::rntes after sunset 

( crep value = 0. 56� - see A,;ipondix for explanation). '.Phe swa.rm 

in the slH:i,dovi of the rock overhang :formed 4 minutes earlier. 

It is impoi·tant to realise that illumination decreases rapidly 

over such a four minute period. 

The number of individuals in each swarm increased rapidly, 

reaching mazimum size 12 - 15 months after formation. (crep 
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value = 1. 04) . l\Tumbers then declined steadily unt.il complete 

collapse of the swarms 23 minutes after format.ion (crep value = 

1 • 42) • 

Swarming at dawn was observed on one occasion hy S.M. 

Stanley. r:Phe sky was beavily overcast and swarm formr,_t5.on 

did not begin un.tJl shortly after sunrise, J.astinc; for a1:,10rJt 

half an. hour. 

DL.iCUSSIOH. 

Male A.ashworthi swarmed at dawn and dusk only. Although 

some females joined the swarms no copulation was observed. 

The importance of wind in affecting swarming behaviour 

has been shown. Swarrning is prevented b-,.. winds o:f 5 m. p. h. OT 

more. YJind speed and direction influence choice of swarming 

sites and markers, and the size and shape of swarms. Since 

swarming activity is confined to dawn and dusk, and since 

breezes at dusk are normally over 5 m�p.h. (or at least were, 

during the period of study), swarming would appear to be more 

dependent upon sheltered positions being available than other 

aspects of adult behaviour. eg. female biting activity. 

The rmbitatE of Tri.ggs Island, Pt. Peron, Garden Island 
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and Rottnest Island provide very little suitable shelter and 

this is believed to be largely responsible for no swarming 

being observed at these localities. In contrast, the ha.bi tats 

of Wyadup, Injidup ( a headland similar to Wyadu_p and 1 mile 

further south) provided many suitable sites for swarming. 

A.ashworthi is a late-swarming mosquito, commencing

swarming after many other species have ceased. Nielsen and 

Nielsen (1963), whilst pecording observations on Danish 

mosqui tos, have sl1own seven other Aedes species to commence 

Bwarming between -1.60 and 0.2 crep and to cease between 

0. 00 and O. 35 crep. Only three species arc 1-cnown to swarm as

late as A.ashworthi; these are Mansonia perturbans, Aedes 

,:t;aeniorhy:nc-us and Culex theile:i;:;1_. No expJ.anation is offered 

for interspecific differences in swarming times. 

It was thought that the late swarming of A.ashworthi 

might be related to a decline in wind speed after sunset. 

However since wind speeds at swarming sites were low enough 

to permit swarming well before sunset, tl1is explanation is 

disccunted� 

As copulation i.n or near s1ivarmf:, was not' observed, the 

significance of swarming by male A.ashworthi is not known. 

This is also true for many other mosquito species. Nielsen and 

J-.. r · el se11 ( 1· bi· d) have shovm that, at least for the species thev 
.il , I � ~ ,) 
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studied, lithe vast majori t:v of matin0 occurs. at times other

th:::m during swa:cming 11
• 

4. GJi.:N"BRAL COWCLUSIONS.

Aedes ashworthi is restricted to a typically windy, 

seaside habitat which is devoid of protective vegetation. 

Adult females of this species arc nocturnal in their 

biting ha.rJ.its. Given frwourable weather conditions, they 

show peaks of activity at dusk and dawn, and a.t one or :nore 

ti:"'1es durin:: the night . 

Male adults are crepuscular in their swar:ning hc",tbi ts. 

Wind inhibits the activity of both males and females. 

It bacame evident during the study that the mosquito 

populations at Wyadup, Inj idup and Canal J?ocke were much 

larger tban those at Rottnest, Garden and '.Prigg' s Islands, ancl 

J)oint Peron. The former J.ocations are more favourable 

habitats for A.ashworthi since they provide a great deal more 

shelter. 

Although other factors undoubtedly contribute, the 

sui tabilj_ty of a particular habitat for A. aslrno1:thi would 
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appea1° to depend lar2:ely upon adequate shelter from wincl being available so that adults may continue their activitiesduring all but the strongest breezes,
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AVFTGHDIX. 
----

'rhe duration oJ:' cj_vi.1 twilight is the number o.f minutes
requj_:ced for the DO si ti on of th.e sun to change .from - () 0 50 1 

to - 6 °00' . One crep iE, defined as the nu:nber of minutes 
which under given conditions corresponds to ·the duration of 
cj_vil tvd.1ight. When the sky is clear a certain i11uminati.on
corresponds to any giv0n value of crep (Nielsen 1961). S.ince
j_nsect activ�ty around sunset is related to changing light
intens.i. ty 

1 crep is a useful unit for the co:npar.i.son of 
threshold light intensities for initiation and completion
of swarming of different species of twilight - swarming insects.I




