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greater numbers to cube target.s than pyramlds whﬂe

ik lected 1n greater numbers fwm pyrarmd ;

o and. pyramid targets expusad nt e 'IZZ pnd ms‘ G IeveTs. Aedﬁnes and "

.fa1r1y cons{stent thraughout 1977 and" 1976, but dis\crepancies did* oceur. "

vauu 400" m. Low” nunber's Tanded on SZO‘MQ and “al 'Ionger wavelengths,

_rectangu'(ur (nb'(ong) targm. Fw mrmbers were conecuu rom the center

-, L . Abstract i

Respunse of Uuhcidae to visna] stimu‘h of various cn1ours and shapes

“wds studied in the hntamirre Nationa] ﬁndﬁfe Area, New Brunswick in
1977 and 1978 _Culicidae were coﬂected frum three-dimenslonﬂ wbe—
‘shaped, funne] “target traps of five

different colours, The col]éctionsJ 4

indmated a diffevenu i preference for-the Five co1@urs. Aedines and

Mansoma perturbﬁn preferred Black, red and blue as the mos\‘. attractive

co)wrs, while ye]low ana whii te_viere consistenh'lx unattractwe. l_g
Eerturban showed suhstantlal colour: d\ffe'renﬁatinn (n the day and

igm. tim cn'l'lections. The percent 1umlnuus reflectance of the nght

ot A

luminous reﬂectance, the fore nlnsqmtoes cu‘llected); h1s trend wns §

M. pertirbans Tanded in grg&ter runt
Tehgths of 480-600 m and 400-480 in. “A. s‘conanry response occurred e

"L cFour species of : Aedes and H Eerturbans were shnvm

mwas CO"
Wrn!e no spaoies were !aken

a

M ‘Eerturbans differentnl]y se]ected the end nr proje:ting parts nf the
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Tntroduction

Among. the haem(hﬁhag&u; Diptera, members vf thé tul‘icidae have"ﬁy- .

! farthe greatesi; redical and-ecorioni

1gn1 ficance, ‘a sign\ﬁcance

recugnised since ‘classical, times, Aristotle recognised the role of
mosqu(taes 1n the occurrence of reiapsmg fever, a'rel tmnsMp 4 2 o g

discussed in- the Ehers papyrus (ciroa 1500 BCE), and..knpwn “to the

contmporarv esnputaman ur Hindu and chlnese cultures’of that era
(Danqﬂer, 1928) :

Indeed; me Raman eng1ueer Col ume]a (150=5

'BCE)

nrotb L he 1nadv£snbxhty of buﬂding a house c1use foa

! hecause the '(atter

s

and pnisonoux steams

during the heats, and breeds Qnmils armed mth miscMevous stings, 3

5 »
}which H'y upan us in exceeding'ly thiCk,number's uhereb_y h\den di?ﬂ%s
dre contracted.* (snith, & A2

L1973 Hwever it was ot unt1

time of Russ (1857 1932) that At was reahzed that P‘lasmdium vaax

P fa]mgarum and: §.3 ma‘la iae (the causative agents of human malar'\a)

ed by noghe'les‘ Aedes  ae: gygﬂ, ‘anmng other culicids, o .70 7
has been indicated asia vectnr of/

the. ?ﬂamds \luch i bancrofti: .- 03,08

and Brugl malax\. the causative agents of H'Iariasis. a dis:ase of:
humans found worldwide in the tmp!cs and subtrupics- the principal

vectnr af the virus causing ye'lhm fever a disense of humans, mo keys -

and mdents fnund An the Ameﬁcan and fr{can trnpu:s and suhtropics

and nne of" the pnnu'ipal vecmrs nf the virus causmg dengu a X

Snuth Ameri:a Ehrope \and As‘Ia It 15 st1H reh,HVEIy unknown tn

what extent. diseases of wﬂd ammals are transmitted hy mosqmtaes.




s not. a!v)ays associated vl th ‘thétr

The 1mportance of. CuHcidae
In Canada, re]ativel\']itﬂe human_:disease”
n Yirritation di

transmlss1 on'of di Seases.

transmlssmn 0CCUTS 4 mh the emphasis being o

from b\bes of mdirect]} from poss‘b'le secnnda‘r‘y mfechons, anemia‘

can urﬂy he applied 1n a must genera] way

such ann]agcus Infurmah r
] smd1 e,s are requ\f&d tu detemme precise1y the 1nﬂuence

and detal\e




studied by numerous autmrs who measured the -spectral sensmv:ﬂes

3 ference of coIours to be red, vuﬂet. yeﬂw and whlte Smart and

nf the eyes using behavioural techniques which var’led mdely in -
sophistwaﬁnn Some uf the earlier ohservmuns show a pnfermt S «
-or an attractance to dark caiours racber than tht r.n]m‘ by P
msquitoes (Homlett, 1910. Eckstem 1950) Brighenu (1930) vmrﬂng 3

th Amgbe!es nculigemis counued landings of mnsquitoes on. colm&rg

ceﬂmgs -of cume sheds and coﬂcluded the descemﬁng nrder of pre< ;- .

Brvvm (1956) shwed a. decreased response of adu'(t Aeﬂes mosqu1toes to E

Neyroes, Orientals and Caucasians respechvﬂy. 1nd|cating sk n hue: to,

have a. differennﬂ affect on lamﬂng respgnse nf Aedes

‘Brett’(1938) as’ appar nﬂy .the first to suggesc tpat this -

iireferen:e for. darker co'lours nay be a respnnsu to surface' uvth a

'Iua reflecnnce factor His mrk \du\ A a_eﬂy_{ shmd 2 prefennce
fnr b‘!ank uhi‘le tht-yﬂlwdsh khalu and yellw were not landed on
in great numbers, - He concluded that A aegypti has ‘colour vfswn

. Bmvn s (1951 »1954). observa tions -on some. Canadian Tosqui toes supported

Bntt (1938) in that atmctiveness of certain co'loured c]oths varied
inversely with- reﬂect‘lvﬂy or brightmss between wavelengths of 475 |
and 625 om.”: The Tower the. reﬂectiviry (i e.black). the inore attrq:hve
the c'loth o'sovler (1963) found the’ amnunt stimuli affecting

appearanca The msqunoes preferred black mist surfuces fn grey

chus and A slecitans ﬂw disks'were tr:ar.ed vdth dyes

i
W )
i
L
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" darker shadeso of each colour-attacted the. most A. aegypti while the
Tighter sha‘des attracted most‘ A: tgenio'rhn‘ chus. The darker shades
of the brighter colours (yennv;, orange) and the lighter shades of
the darker colours (blue) vere ‘the most attractive te A. sollicitans.

Sippel and Bmwn (1953) ‘rendered objects more attractive by an

. increase in hlack and white interface in a checkerboard pattern, a

principle which Hau'fe and Burgess (1950) employed in their blatk and
white mosqaito traps. b
f What is in many respect: {qteresfing feature of observations
on'othér 1nsécts'-is that the\visible spectrum extends {iito the near ' X
ultraviolet region. Breyev (1963) shawed ultraviolet traps were
collecting larger n\gmﬁers of vmsquitoe§ Athan’»wrere thf‘ white 1ight

The.incorporation yuch observations into.traps for

m§§ itoes was attempted by/Headlee (1937), Weiss (1943) and Williams,
i A

etal. (1955), who showed te effectivensss of lightstraps fncreased

Mtj{ shortet wavelengths and ultraviolet lamps were shown to take

-larger nfimbers of mosquitoes. In a}.‘attemp: to éstablish the spectral _

\sensltivity of mosquitdes dand avoiding the use nf -the word-colour,
Delnng (1954) observed increases inhsqultu actwn.y to spectral
beams and co'(our filters w1th1n the 364-400 nm range. Fedder and
Alekseyev (1965) tried to establ 1% the 1mportance of personal
pmtection from h1t1ng ﬂies, includmg Culicidae, by the use of

“upattractive co]uured clothing. They established black gaments to be

“most atﬁractive for Cu]‘lcﬁdac"when exposed as clothing on people,

while mg yenw and green are less attractive.

The shaﬂe of an ohja:t and its ro'le in the attra!:tion of msquﬂoes

. hias not been extensively stmﬂen and in'fact, no speciﬂc reports on-

N




response of mosquitoes to geometric forms were encountered. Studies
on mosquitoes preference for targets with protruding surfaces rather
than flat ones indicated dimension to be of some importance (Kellogg
and Wright, 1962), while BI"‘Owl\ (1952) demonstrated the importance of i
contour in attractiveness by the use of cardboard cubes carrying black i
and white in equal amount in a checkerboard or striped pattern. X 5
Laarman (1955, 1958) in laboratory studies of Snnphe]ine mosquitoes,

indicated that host-seeking consists of a special type of behaviour
- battern in which both internal and external stimuli play specific

parts. He considered that several factors acting as external stimuli ) n
affect,lthe orientation to a host by thé mosquitoes. . He divided these

factors into: )

" (a) visual cues - size,_shape,’ movement; contrasting action,

reflection of light. 3

(b) physical cues - radiation and convective heat, moisture, \
urface structure. ’
(c) - chemical ‘aes - €0, and other factors - generally considered

as odours.

B : . -
Laarman (1955) suggested, by referring to observations on the

‘behavioural mechanism of other animals (Tinbargen,‘1942‘. Dethier, 1947),.

“that in addition the insécts' need for a blood mea] leads to an appeti- 1
tive behaviour which inducgs the insect to follow a chain of behavioural ;
responses, each being released by a particular stimulus. At the end

of this chain of reactions, if undisturbed, the ‘insect will have L
satisfied its appetite.” Bradbury (1972) summarizes the-division by

“smith (1966).and furthdr isub-division by GoTini (1970) of the series

gt
of stages involved in the feeding of Simuliidae as follows:




Phase I Appetitive Behaviour

Stage 1 Habitat Selection

‘2 Upwind Orientation

3 Near Orientation i
4 Landing Behaviour 1;
5 Crawling and Burruﬂing !

Phase I1 (bnsumpatory Reaction
6 Probing and Feeding
Phase 111 (Cessation of Feeding a Ty
* Phase IV Physiological State of Rest
This genert_ﬂized schefie can be applied to vthe‘éeeding behavjuur of
N mosquttoes, with:som minor. mudir‘ications. A’n obvious mﬂdl:fl'tat‘ian b 1
‘woulq be\in eliminating Sta\ge 5 since mosquitoe;, if they land on ar;
inappropriate feeding area, will usually -take.off and land again on a
different area rather than craw] around. . )
_ Briefly the hierarchy of th“e (hust-‘seeking behaviour is as
. “follows: Stage 1 is believed operative, as species of biting flies
. are known to prefer particular habitat$ (D;vies and Pe!;erson. 1957;
Bennett, 1960). Biting f\‘ies in the physiological state searching
for a blood"meal will do sp in theirpreferred habitat.

Stage 2 inyo]ves olfaltory cues such as l:O2 and other host \

emanations whjich funct;\\tn« to.orient the fly to the fost (Hocking, 1971).
- Smith (1966) proposed th&a‘tbg‘he chaﬁ?{‘%‘f’?‘ﬂy orienting upwind directly”

to an odour cloud or €0, 'if slight and that vision too is involved,

buk only in ds much as it is"involved in navigation.\ The dis\.‘_ance

whereby visual stimilation dué to the shape, colour, size and movenent

of the host actually direct the fly to the host is considered to be




Tter

near orientation (Stage 3).

Stage 4 is effective only when the insect has located the .
host, Stage 5 when it has landed and Stage 6 when bloodfeeding is.
initiated. Phases 111 and IV result in 2 relative state of rest, after
the fly has engorged and the.digestion of the blood meal proceeds.

Man is aware of mvimmental’s‘lwntions through sensn;ry
perceptions-which he can subsequently verb‘a’l‘lzz‘. Mosqu!to perception of
its environment can only be int_erpreted by uhséwh}g the insects’
behavioural responses. The respdnsz to the visual sﬁmu'l'l’of shape ‘un&
colour as‘ it applies. to the'host—seekjng process by mosquitoes. in the
near nrientat\‘én stage of Phase 1\(hppet| tl;/e)‘. behaviour is: the
.‘prtmary cpﬂcern of this study. Specifically, the study ;las’designed
‘to explore the response ;:f mosquitoes to three-dimensional targéts of .
differeﬁt shapes and- spectral compositions expgsed at various heights, .
under natm:a'(_ conditions, and to transmitted wavelengths, of the

electromagnetic spectrum under Taboratory conditions.

et i bl i s e
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Materials and Methods .

The studiés weré conducted in thé Tintamirre ‘Natginnalvwﬂq_\ifa

Area, New Brunswick, situated approximately 11 km northeast of the
- town of Sackville, New Brunswick, Canada (Fig. 1). ‘The area supports
a variety ;:f habitats, as well as -a diversity of breeding ‘mosqu-i toes.
Such an area provided the opportinity to s'tuﬂy the respo;\ses of
b numerous species of\ mosquitoes to v;:sual stinli. The area has been
thoroughly described by Herman:and Bennett (1976) and Meyer and Bennett
(1976). : e i 30 e

COHections were made. in two sites - the Sy1van Site H and

Laustrine Site #2 (Fig. 1) The dominant vegetation of Site #1 13
black spruce; Pnea M. with a maximum canopy. height cf approx-
imately 15 m. Mosses are the major vegetetwn of the forest floor.
The predominant vegetation of the lacustrine habitat, Site #2, includes
cattail (Typha spp.) and sedges (Carex spp.); burreed (Sparganium spp. )
and sweet flag (Acorus spp.). lThis study site is Tocated Hose to the

Take shore in an alder fringe. Anus -spp. , with a canopy ,height of
approxmabew 3m, \s the dominant vegetation of the lake shore The .
ground ccver is camprlse¢ of various grasses-and shrubs. Stud)es were ¥

conducted in both sites from June-to August in 1977 and from May to

July in 1978, v ) - : b

. The responses of mosquitoes to visual stimuli were studied as
. -

E i follows: . ~ ) =

L : 1. Response of mosquitees. to variously coloured three-dimensional

- square' targets, i F N .
2. Re;;;onse of moéqu‘ltoeg to three-dimensional targets of two,

geometrical shapes and exposed at four strata. ,




2. Lacustrine site

A..Canadian Wildlife Service Field Station °







i {s greatly reduced at temperatures below 10 (pers. obs.

. repeated at another time.

- at an apprbxlmate rabe of 250 cc/nnn The emlss‘lon jet was’ p1aced approx-

“4n’70% éthanol for Tater: '1dent1f1'cau‘on. Mosquito identiricatind was
' according” to Garpenter ‘and LaCasse (1955) ‘and ‘Lewis (1976) R >.‘,

1977,. and from ey to Ju'ly in, 1678, in.an aggemt to record the %t

" were madé”at both " sites 1n antiupatinn of im:reased numbers {uf

3. Response df msduitoes to regions of three-dimensional bd ack

and white rectanguhr targets ‘ " a3 —

¢ 4, Response of mosqunoes to transmitted Tight of known. wavelength.

Rgsponse in Studies 1, 2'and 3 is recorded as .the totaﬂ number of B
mosqultoes trapped in each three-dimenswna'l target.. Response in . K>
study 4 is the total number of mosquxto 1and1ngs on each filter

transmvttmg hght of known wavelength. i
Temperatuife was recorded” before and after each test in Studies 1.

2 and 3 Observatwns in the: area show ‘that: the: activity. of mnsqmtnes

Lewis;. 1926).;
JIf durmg a.test the temperature dmpped below; 1° C, the ‘trial was 14,4

It is a wg]'l ducumented fact that 0 increases the. catch per

trap for musquitoes (Newhouse, et 1] 5 1966) . During the. exposure of

targets (traps), CD2 compressed gas' was released firom stee] ::yhnders

\mate'ly 7. upwind from rhe ‘test sif.e (:f Bradbury and Bennett 1974)
Target traps were. retuqxe\kto the: fie!dd\abcratary where coHected

mosqui‘toes were rennved mth aspiratorsv _Theywere: then p]aced din’ .

ice- cream boxes, chilled in a.refrigerater; and subseque‘nﬂy stored

‘Stiidy 1 Coloured Ariboard Study. . .
‘This study wa carried out at S1tes # and-#2 -Frum June to August

response of mnsqmtﬂes to different coloured anbuards. Co11ect1uns'




'
-

n
mosqm‘toe& The 1977 collections which were N\i tiated in June missed
-:)rge portion of the Aedes, which are: yreva1ent in May and’ June-dnt

‘this part of New Brunswick. ~Therefore to nbt_a

reater ;amp]e of

Aedes. the study was. repeated in 1978, beginning collections edrlier :

. in May. ‘When the numbers of Mansonia collected were propurtiu;gany

larger thar} @(increased't; approximately 50% of the ‘sqmple in
“mid-duly. 1978) , this study was terminated. %

"In 1977 cnlIéctibns were iuade at’ da‘y and‘at night: to see if the
response nf msqmtoes to cnhured stimu\l d‘lffered at these t1mes
If co'louv' bhnd specles exlst they are mnre ’hke'ly to be fnund among

the noctuma'l speues. The quesuon is whether the uﬂnur v1s|on

apparatus has, adapted to' functmmng by ‘nght or afe- the nncturna]

species without this &ility. In 1978 this (study was ‘not’ repeated,
as the 1977 Yesults did not indicate sighificant djiférences’ in the
day and night tine responses to'the coloured targets.
Five, three-dimepsional, coloured :square-targéts '(bTacit. blue,
+ red, yellow and white) ‘vere constructed. from Peterborough Artbnardz
(Fig. 2). -The artboard was the same as was used by Bradbury and Bennett
* (1o7). spectral ana1ysas of the: coloured bodrd are’in Table T TabTe
g glves the recorded mtens\ty of ref'lected 'Ilght from the artboard as
mzasured with a spectruradiometer.
Square frames for the targets were construczed from 25.4.cm X°

25,4 cm spruce and assemhléd into cubes, each side measuring 254 m

F1ve sides of each. cube were covered in the coloured artbaard and each
of the five sxfes had 2 p1astic f\mnﬂ (dianetér dimensions:  inlet °
12.7 om, out!e* 38.1 ‘cm) p051tloned in-the cem:er to.provide entry, for

sth

the mosquitoes ~tn the. intérior/of the cube‘. The side was: nu,tfitted

2 Peterborough’ Artboard;’ Card-and Paper Works; Ltd

{




lt oF ! -
- -
N | . y
: 5\ . ;
t i i
Fig: 2 Threé:ﬁi_mensignﬂ, Co'lnumdvk‘rtboard Targets Suspended 122 cm ,’
from Ground Level at the Test Site (;Luc{y 1) . ,‘/

b ' s ;
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Table 1. Tabulated Munsell Reflectance Values for Peterborough Artboard
(from Bradbury, 1972) ~ v

Peterborough - !Derived ‘Luminoiss Reflectance)™ Peak’ .
Stimulus Munsell Munsell Value in % . Wavelength
ards - ° N Notation Relative to Mg0: Millimicrons
Ho. 1900 : g )

N9. 15/ 81,95, -

7037

“~No, 1967
Dul Coat
Expo;Red.” 7. .-

16,37

Hos 1968 %
i1 Coat ",
Expo Blue

1003,

Hoie, MOO9E 50 4y B BT a8 o B 18
Dul1 Coat. . WNi7s 253
Black = "+ : Rl B

iy s . B o

"% Luminous. reﬂifémce For-ight ‘source *C", equivalént. to average -~
. north daylight. having &' colour temperature of approximately. 6,750
degrees Kelvin,. . . e S e )

" The:Munsell.Sy#ftem is based on Spacing.the colours for their appearance.:
under.C:1.E: Source, equivalent-to a colour temperatire of 6,750 degrees.::
Kelvin, which is equal.to:average North.Daylight from a partially .

- overcast sky. o o o H P o




Table 2. Inﬁensity nf the Peterborough Arthuard at Selected wave]engths,

as Recorded wm\ a Spectroradwmeter

Artboard Colour

Blye ' Red: - Yellow"
7968_ ~:1967 . 1911

"t i
. ¥ Tne va1u' for mtens)ty are micmwatts per square cent\meter pEr
: s, millinicron, o

+ These: va'lues of spectraT intensIty have been corrected as described
in the: pperancn manual” for: the.Model Spectroradi ometer SR, -Series
1140 003. These corrected vulues may be>plotteda a1nst wave!ength

‘interval is

.equal to the amaum:
In:ewal‘ 3




: hetween tvm uu'les, po; tinned by the researchér. at S\te #2. “The ﬂv

A pyramids wlth nne shape bemg h'la:k and the. othe whzte\

i %
uith a mesh s'leeve to pmvlde access td the |nter10r of the\cube tq L 3 Lo

veculiarity in the musqmtoes searcnfng pattern that alluw§ them to -,

seek entranc 1ntu"the funnels. This type of trap dwd not. pruve usef'ul
for trapp!ng other biting dipterans (Simuliidae and Tahanidae). as. - . ki

they did nnt shnw this tendency to. seek entrance to the 1nteriar of ‘i

and l;ennett (1974) were used in ﬂns study.. Tms st1cky raﬁ,m

was unsuccessﬁﬂ 1n tv‘applng Cu'hc\dae. Dbservat(ons Show ‘fhat

masqmtdes wereilﬂe to avoid being, trapped on the.sti
to their IDng ]egs umch pmvided enuugh '
1

tn hover. and: thus pul'l their\legs free.

targ&ts were suspgnded by twme, apprommatﬂy 122em from the ground

ccqrding to-a tab]e f randum numbers Dye “to, imited CUv :ource.

shape. The tudy inval jed two, three-dimensmna'l :uhes and tym

Col o as




) incorporated into the design to evaluate the importance of -colour in
the fosquitoes choice of target. Each target had the same funnel
.entry and mesh sleeve as described in Study 1. The sleeves of the i

*, pyramids were positioned at the top point of the pyramid, under a

removable point. The dimensions of the targets»and the funnels in
this case are slightly larger than in Study’l The dimensions in this
case are as follows: Cube: each side 406 cm 5 Pyramid: length 406 cm,
width 406 cm, height 352 gm; Diameter of Funnels: inlet 50.8 cm, outlet
B8 am . ’

\ { The exposure time and apparatus was the same as that described
for Studyb Ve Huv}ever as stratification of mosquitoes is well docuriented
. (Haddow, et al., 1947) the Brgets were exposed at alternating heights
.of él cm, 122 'em, 183 cm and 244 cm (Fig. 3) to collect possible

e 'stratified species. The serfes of exposures are given in Table 3.

.4 |
,Study 3 Discrimination of Regions of Rectangular Targets

Some authors have indicated that biting flies orient tnu di fferent
regions of inanimate objects (Wenk and Schldrer, 1‘963) and Study 3 was
. * undertaken to d’eltAermin_e which area of an oblong or rectangular shaped
target mosquitoes would orient. Two, three-dimensional, rectangular ,
. aa targets!\une black and one white, were constructed so that the 'iv:terior |
was partitioned into three compartments (two end a?d one center). '
Each coppartment was equippedv with fumnel entries (Fig.4a). Thus the
bottom and two sides of each cgmpartment had funne]s and the top had .
the mesh sleeve as described previously. 2 .
- . The exposure apparatus (Fig.4b) and time were the same as was

described for Stidies 1,and 2.

Study 4 Kodak Filter Experiment -




f







Table 3,

Target

18

Exposure Format for the Targets of the Preferred Shape Study
“(study 2)

!eight of Exposed Target (cm)
Trial 1 Trial 2 Trial 3 Trial 4

Black
square

Black
triangle

Whi te
square

White
triangle

61 122 183 244 >
122 183 to244 61
v
183 244 @ &1 122 L
248 61 122 183

*Each trial was repeated four times.




\ . 3
Fig. 4a Close-up of Funnel on Rectangular Targets of Study 3

b Exposure Arrangement of Rectangular Targets







LIt invoWed the record{ng 0'
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This was designed to record the response of mosquitoes to trans-
mitted 1ight of known wavelength as opposed to Studies*l, 2.and 3"in .
which the responses recorded were to reflected 1ight from the céloured

artboard. This study was performéd in the confines of the Canadian

Wildlife Service Field. station (Fig. 1A). <

Fwe Kodak filters; which transmit narrow bands of wavelengths vf
’thf., were selected to represent the electromagnetic spectrum from
300. im (u)travm]et reginn) to 700 nm (infrared regiqp) . The trans-\

£ o Y 7 :
m1ttam:e data for the five filters ave given. (Tnble 4. Furtner |

tecmncax ‘inforiation’can be_foind in, Kodak publ i cation B3 “Tabje 5.
gives the 1ntens1ty of” the fﬂters at” seTected wavelengths as recoMed
with a spectraradmmeter. o ¥ v 3 @ \v.
This expemment was “divided into two parts. As each of ti,e “three
filters. tested transmit near 1nfrarez_1 in addition _t/a the wa\;elengths )
given in Table .4, part A wés‘devié_edito test. whether the transmitted
infrared wis'causing a differential 'respnnse'in 1and|ngs on the fﬂ-ters

sqlnto 1and1ngs on two filters exposed

at the sane time, . Paired: 47B 61 and 92 filters were exposed simul-
taneous1y thh one of the pah‘ in.series with an 'infrared cut-off

filter. Three, ten min recnrdmgs oF landi ngs were made far each of

“the pai rs of filters, The ser1es of exposures av'e in. Table 6. U1 tra-

violet and mfrared were not: tested in this manner as ultraviolet dnes

not transmit mfrared and infrared paired w’lth an’ infrared cut-off

fﬂter gwes a trnnsmittance of zem. Kodak fﬁters obey the Bouguer- :

Lambert Law which: states that “the. §pectra1 transnn ttance of tWo or'more

filters uséd sjv}u‘ullan»eously is-equal. to the 'product uf the' spgctra'l, -

transmi ttance of ‘each filter, thus Tilters’ can be paired without
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' vy .

Kodak % Luminoﬁs Nane or Transmittance  Dominant
Filter No. Transmittance Visible Colour . (nm Wavelength
A . 0% of visible &
01A Infrared Cut=off light up to
5 * (IRCO) 640 ¢ g
184 . Ultraviolet 300400 -
L0790 Bl 4005500 a5z 0!
. 'c.Greem . . 480-600 .  533.8 »
Red. 1 6204700 . B46.2
T \Infrared 720- 7




& P )
Table 5. Inténsity of Each Filter at Selected Wavelengths, as recorded
with a Spectroradiometer

Wavelength Filter No.
(nm) 1 4B 61 92

8an
w Cae™ e e el 261
A0 o3 A8 .05 261 065
w0 . ;907 s os oe .00 ‘

650 005 1004 .04 4.30 004

T - l0z6 004 .004 2.850 004

750¢ “losv 106 122 .86 004

Tne 1ntenslty va]ues are. in mlcrowatts per square cent\met.er per.
nillimicron

These va1ues of spectral 1nmns|ty have- been corrected as_ descrihed
in’the operation manual for the SR-Model Spectroradiometer, Series -
#140-003. “These corrected values may be plutted againist wavelength.
The area under the  cirve over any particular wavelength interval {s
equal. to the amount: of RX dwnt energy intensity 1n the wave'lenglh
interval.. ! v
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Table 6. Format of Exposure of Paired Experiments of Filters of Study 4,
Part A
Filter 478+ IRCO™ 61 +'IRCO 92 + IRCO -
“ v *k

a7 ¥ % 4
61 - + -

g % W #

. (

.92

IR0 - Infrared cut-nff f1'|ter

Each + constitutes one tesz, and each test was repeated three times= 2

>
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Each filter was jtested against all others in part B, again glvmg

changing the transmittance pattern of the’ filters.

the mosquitoes a two filter chmce. The format of exposure of the

ters is in' Table 7. The filters were exposed to the mosquitoes for '
three;"ten min trials, during which landings were recu;‘ded using a
hand counter. ) @ o . -
. The apparatus for display of the -filters was, designed. and const-
£ ructed as follows. It is in two sections (Fig 5); The front box .
L ' x;e:twn was constructed of p]ywood and -was squara “in shaye (d\menswns—

length_ 508 cm, width 406.4 cm)y The front end of the box' was:a $1iding

‘plexiglass window ‘whv‘l h e;mb'led‘th'e viewer to cuunt th‘e' Tandings.on
the filters which were mounted at the’ opposne end of the box. This
end was removable and had two square windows cut sTightly smaller
than the filters which measured 76.2 cm X 76.2 cm (Fig. 6). Cardboard
frames were p'(acea'un th&ﬂters for ‘easy handling. The filters were
positioned in slots and taped with b"la;k tape to hold them tightly over
the edges of the windows to prevent Tight leakage., .Te ‘mosquitoes
- *were placed \nsxde this hux, the interior of which was pamted a flat
- black. \ !
The rear section of the apparatus was rectangular in shape and

housed the tungsten bulb:light source. The box was made of square

wood frames and. was sea'lgd on five sides with sheets of artbuark\ i
stapled to the frames. .The box was open at one end and-built sh’ghtl}"

larger than the front section $o0 that the rear section sl‘id over the -

front box with a 25.4 cm overlap. A {iene_ral Electric tungsten flood-

Tamp (100 watts) recommended by Kgdak-_was'situated at the iear of this

box and provided the i1Tunination for the filters positioyned over {h:g . -
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s 3 s
/hle 7. Format of Exposure of Paired Experiments of Filters of Study 4,
‘ 7 Part B ° §

/

| . Filter Colour * 18A 478 61 92 88A
5 5

‘ 18A° Ultraviolet - B ol oo

R LR
B Blie T e
| . g < : ’
ki I 1 Green ' el g >
Loand g T eR e Redd T + -
[ oy B T, L L e
5 88A Infrared #70% - ;
i T 3 o 3
[ " fach 4 constitutes one ‘test and each test waé\ repeated thiee tines.
f
| > - 3
i ! i d
iy : .
| . }
= ; 5 2% - of
\ . Bt O
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<7 _Fis. 5 tparatus for Display of Kodak Filters (Stuty 4)
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! +Fig..6 Diagram of Apparatus for Display of Kodak Filters Showing Interior
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windows on the rear of the front box section (Fig. 6). The experigent
was carried out in total darkness with illumination being light from
the tungsten light source transmitted through the filters.

One hundred Pdns(.mh perturbans were collected around livestock
with aspirators and placed, in total darkness, inside the exposure box.
The light source was switched on and landings on each filter were
recorded fu}- a ten min period. This trial was repeated three times
for each paired filter tested. Between each trial the light was
turned off and the msquiFues were Teft in darkress -for about five min.
During this time the mosquitoes pe;sed flying and rested on the sides
and bottom of the box. :

In North Anerica, Mansonia perturbans is sometimes considered to be
of the genus Cugmﬁemd!a. However; in this thesis Mansonia perturbans
is used, according to Carpenter and LaCasse (1955). *




Results

Study’ Coloured Artboard Study 5
‘7wo sites were used to record responses of mosquitoes to five

coloured tfrgets (Table 8). Some differences in the species and numbers

of mosquitoes that were-céllected at the sylvan and lacustrine sites

were noted. ’

In 1977, a total of 223 aedines (13.7% of total musguitces) were
collected, whereas in 1978, 512 aedines (58.7%) were collected (Table 8).
Aedings, in the Tantramar Marshes, .appear in their greatest nunbers
early. in May (Lewis 1976). \In 1977, f1e1d stud\es did not begin until
June and heace in this year the pmporhon of aedines co]]ected was
lower than in 1978. Converse]y, in 1977, 86.1% of the mosqui toes
collected were.M. perturbans, while in 1978, this species only \
represented 41.31 Df the total mosqui toes. M perturbans is a late
summer fonn, appear\ng in Ju!y and pers1stmg thmugh Apgust (Lewis Y976)
In 1978. field teshng was terminated in July. This resulted in the
major drop in pmportwon of M. Eereurbans conected in th\s year, The
same . factors: contr\buted to a lowered total musqmto col]ect\on in 1978
In 1977, aedine mosquitoes represented 12,7% of the mosquitoes collected -
at SH‘:e #1, and 14.3% of those at Site #2; in 1978, aedines ~r‘spresented ;.
49.9% and 75 7% of “the msqm\wes in Sites #1and #2 respechvejy
There was r\g mdlcauon ‘that either site wgs particularly favoured by .
gither aedines or M. perturbans. X

LIt is E\(ldeﬂt from the data (Tables 9, 105 Figs. 7,8) that there :
was a dliferenhﬂ response to the varwus ccloured bnxes _among. the
musqlntogs. Throughout thes 1977 and 1978 study, only three species, ,

A

A. cantator. punctor and M. pérturbans wete collected in sufficient
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Table 8. Species of Culicidae Collected from Three-Dimensional, Coloured

Artboard Targets at Each Site (Study 1)

1977* 1978*
Grand
Site Total Site  Total Total .
Species i 4 2
Aedes abserratus 1 P 2 4 o 4 6
A. canadensis T =y .3 413 14
A. cantator ~ 491 125166 135 130 265 a3
. A cinerius 2.2 4 31 4 8
K. excrucians 4 3.7 n 415 22
A.-punctor 1 20 36 97, 7917 - 212
. A stimulans 1 sa "o oM ‘s
. exans 0 33 28. 6 34 -37
| nopheleswalkeri 0 1 1 0. 00 h
. Culiseta morsi tans 0 | o 00 i
“TN. Mansonia perturbans - 455 940 1395 288 . 72360 1751
A '
d 521 1 575 97 872 - 2492

*1977 collestions June through-August

099 1620

1978 collections May through July
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Table 9. Species of Culicidae Collected from Three-Dimensional, Coloured
. 4

. i Artboard Targets,.1977 (Study 1)
| ) S
Species Black Red Blue White Yellow Total
‘ Aedes abserratus 0 0 0 "2 0 2
A. canadensis 0 = A 0 0 0 1
46 280 37 22% 67 40K 10 68 6 4% . 166
! -2 0 1 ] 0 4
2 2 2 1 0 7
| ¥ 15 42 9 5% 3 8. 2 64 7 19% .36
2, g 0 0 3
| .0 0 3 0 [ 3
55 .- Anopheles walkeri 0 “0 1 0 0 1
s “Culiseta morsitans < 1 0 0 Vi Ry | 1

\
Mansonia perturbans 627 45% -34&

25% 179 :ISZ 161 12% 82 &% - 1395

695

3%

257

T
177 95 11620
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Table 10. Species of Cu'licidaé Collected from fme»Dimensiom1, Coloured
Artboard Targets, 1978 (Study 1)
i
. v

! Black Red ' Blue White, Yellow _ Total

Species

. hedes abserratus 4 0 0 0 0 4
A. canadensis .5 .2 3 3 "0 Y3 EAN
A. cantator 17 44% 45 17% 81 31% 522 176k 25 {
A. cinerius 0 0 4 0 0 c4 i
A. excrucians 1 0 14 0 o B i
A. punctor 66 37% 4827% 47 27% 85% . 74F 16 - '
A. stimulans . {05 0 Lo 0 0 1
A: vexans . B4 n ey B 1. 3

% Mansonia

nsonia gerturbans 147 412 1397 11% 149 411 1875% ] 3 360 -

Ca sk 3 3 en




g

Fig. 7 lrhg “Responses of Culicidae to Three-Dimensional, Coloured
w Targets, 1977 (Study I)
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Fig. 8 Landing Responses nf. mllcida} to Thrée-nimnslonﬂ. Coloured
" Artboard Targets, 1978 (Study 1)
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numbers to merit discussion. Overall Culicidae totals show black to

be the most attract‘iv? colour’ target in 1977 followed by red, blue,
white and yellow (Fig. 7). In-1978 similar results show black to be the
most attractive funn;ved by blue, red, ‘white and yellow (Fig. 8).

» A. punctor was taken more frequently from black and red targets
than from the other three. The 1977 A. punctor collections were
numerically Tow, thus a real indication of colour preference is difficult
to ded;me from the target ‘totals (Table 9). The-1978 results, being
somevhat higher and- more -1 rehah'le. show black to be the mnst attractive
target. Blue and red collected. equal numbers ‘of masqmtoes and the white
and yellow targets were unattractwe (Tab]e 105 Fig. ‘8).

A, cantator was consistént with A. pm_ctn_rim‘the\ apparent ’unf
attractiveness of the JeTlow and white targets in 1577 and 1978... The
attraction of the hlaclf targets was again seen in’ the 1978 results for
this species, as the targets collected 44% of the.species. Blue targets
collected 31% and red 17% in this year (Tab]‘edo; Fig. 8). Contrary to

"t in 1977 this species was taken rore frequently from, the blue targets

. with 40% from blue, 28% from bldck and 22% from red targets. It appears
that an overall preference for E]pck. blue and‘ red existed but black.and
blue fluctuated in the {irst and, second mns}t pr‘éferred colour. posih‘ans._
(Table 9; Fig. 7). “If the 3&0 years ‘observations for A. punctor areto-

talled the n(der’ of préferencg of colours was black,:red, blue, yellow
and white. ’ 7

M. perturbans r‘esu'l;}ndicated a_trend. of preferen_ce\fnr black,
blue and red, w};ﬂe yellow and whit;e‘ co'lgurs were ;m‘éttractive'. "1n 1977,
the three most attractive colours, in order-of preference were black
(43% of the total ‘captures), red (24%) and blue which collected 168
(Tahle 9; Fig. 7) In 1978, . h’mn,,blumﬂi'ﬁam mﬂsqultues

—mf 2 e
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but black'and blue were of approxinately equal attractiveness, with 41%
cateh for exch colour. Red collected, Just 118 in 1978 (Table 105 Fig, 8)
A Friedman Two-Way Analysis of Variance supports the fact that the
differences observed in the numbers of mosquitPes co11;éted from the
various coloured traps are significant (in 1977 p4.001,in 1978 p<.001).
Thus the mosquitoes are respond!eg dwfferentwa]]y to the colours.

Percent 1unnnnus reflectance of the various co1ours plotted
against the nnmhzrs of Cu’(\:idae collected each year ‘m the boxes,

. .shows ‘that in. 1978 the percentage “of lummnus reﬂectance of zach caiour
stimulus card was mverse‘ly proportiuna] to the numbers of Cuhcldae
cnmmg to and befng trapped }n the coloured target_, \tha‘t is} a‘decrease
Lin the Tdminous reflectance’ or tf\e cn]bu;-éd ta;*get reflecting ‘the Teast®
amount of tht increases the mosquito catch or ‘increases the attractjon.
This trend was fairly cuns1stent in 1978 (F\g 9) except that more
mesqu\toes vere collected from whlte targets than frem yellow targets,
even though white had a higher luminous reflectance (Table 1). In 1977,
the t?end was not as noticeablé. More mosquitoes Tanded on white than

on yel'lw and red collected mre mosqunaes than blue”even though blue

"had a Tower uminous reﬂectance, These results imﬂ:ate ‘that Iuminouv
reflectdnce of an object: has an lnﬂuence on the ﬁ;ponse of mosquitoes )
“to anect_s, _hmver “the. discrepancies nhserve_d. especn]‘]y obvious: in,

. _the 1977 data) indicated that other factors were: influencing the °
y\os‘quﬂoes re‘spnizse t‘nlthe coToured targets: kil _

<k If the ranks of the*coloured Scores are cumpared b_y sute black

and- red uccupied the:most attract:
trine. site 77 and 1978 (Tah_

;juons—ar the sylyah and the ¥

). Yellow and white yere

T cunsistent]y nnuttracﬂve and rﬂue fluctuated at mtennediate 'leve1s of

attrachveness. Thus. in add'tion to the nhservaﬂons hetween species and .~

T_;__i_‘.\‘_;,;
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Fig. 9 l.lmﬂnq Respﬂnse nf CuH dae to l:o[oured, Three-mmnsional
Artbunrd Taryets, as a Fum:tlnn of l.uminnns Ref? ecnn:a. 1977
and 1978 (Study o} eGP )
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Numbers of Culicidae Collected in the Coloured Artboard

Table 11.
Targets, at the Two Sites in 1977 and 1978 (Study 1)
1977 1978 Grand
Site Total Site Total Total
1 3 °
Colour [ R R ‘R £
Black 135 1 560 1 695 236 : 1120 1 357 1052
Blue 51 4l 206 3 257 ‘2 3 46 .3 138 395
Red 105 2 291 2 39 219 2 9% 2 309 705
White 40 5 55 5 95 15 4.°21 4 36 14 .
. ¢ x
. Yellow 523025 4 177 ° 135 19 5 32 209
383 1237 1620 575" 297 872, 2492
. .
A ®
* g
Rank frop Kendall Rank Correlation
N
’ " L4




) Studz 2 Shape Preference Study

years, the Culicidae appeared to be responding to the same coloured
artboard at the two sites.

Response of Culicidae to Coloured Artboard at Day and Night

In attempting to determine if there is a difference in response to
colour between day and night, it was realized that the only species that,
ould be considered 1n this respect was M. perturbans, a crepuscular
mosquitgy(Table 12). This mosquito was collected fn suf ficfent nunbers
at day and at night to pmvide comparison. . -The mosquito is an opporfun-
istic feeder and-responded to the COZ source durmg the day ‘when 1t
would noma]'ly be resting in the vegetation. ..

During the day, black was the obvmus preferred cho1cg with 57% of
the numbers caught be‘lng fram the, b‘lack targets (Tab]e 13) ‘B'Iue and red

were:preferred overyelTéw andwhife ik e combared 't biici ere
relatively unattractive. . . : LA e .

At night, Mansonia appeared not ta be -able ‘to distingiish black

and red target; as readily when compared with th; day time* reslu‘ts.
Blue, yellow and white vere unattractive as during .the day but white
caug\ht 'IAZZ‘more mosquitoes at.right. Mans‘oriia appeared to be able to
disungu{sh cegtain® coluurs at night, as 1t had basically the same'*

preference of ‘colours at night as dur1ng the day.

As part of tJue studies ‘on- host- seeking behaviour, co‘l]ectiuns of
msqultoes were. Wade Frim targets of two geometrical shapes to determine

if msquﬂoes respond differennaﬂy to the geometry of an ohject.

Co'lnur was 1ncorpnrated into the experiment by having a black and a white

target nf each shape. tu “Further assess colour preference. Col lectwns
were made at four eIevaHans from 61 an to 244 cm, 'in an effort to cover
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Table 12. Species Collected from the Coloured Artboard Targets at Day
and Night (Study 1)- a

. Day - Night Total
Spécies (0800-1300 h) _(2000-2400 h)
~ Redes abserratus 1 1 2
A. canadensis o ~q 0 1
A. cantator 158 8 166
A. ciferius z . 2 4
. A. excrucians 9 5 2 7
. A. punctor 30 67 3
A. stimulans - - 3 1 4 -
- A, vexans, ! . 3 [ 3 . .
© . Anophéles walkeri: 0 " 0
SUotwero. Culiseta morsitans 0, L o
. .. .. Mansonia perturbans 645 750 1395
. 88 Som 1620
. .
i a .
. \ - 4 - ' b !
i . %




Table 13. Number of Mansonia perturbans Collected from each Cotoured

‘ Artboard Target, at Day and at Night (Study 1)

Golour by % Moht % Total
I Black 369 57 257 34 626
‘ Blue - 00 16 % 179

Red s 18 w2 3 ur
‘ T wmite @ s oam o 161
. ' Yellow 8 4 54 7 82
| o 750 1395
[ o :

v ! ! »
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the natural stratification of the mosquito species. The question arose
afterStudy 1 that perhaps the elevation at which the coloured targets

were being exposed was sm certain species from the mosquito popul-
ation. Eight species of mosquitoes were collected from the targets but
only three of these were in sufficient numbers to merit discussion. The
Culicidae totals collected from the two shapes indicate that the square
target was twice as attractive as the pyramid (Table 14).. The square
collected 898, and the pyramid 494. Species observations show M. perturbans
and A. cantator to respond preferentially” to shapes. Chi-squared analysis
of the shape totals results in p<.01 for each species, thus the differences

observed are significant and these species are selecting squares nvm&—.
f
R Lo

= pyramids. .
. , A. punctor, on the other hand was takenmorg frequently from pyramid
iargets. The p<.01 from chi-squared analysis of the A. E'H'EEE‘ scores,
* indicates significant differential response to the pyramid.
’ The response of" the mqsquitces to the black and white t\argets
sup‘ported the results of Study 1 in the mosfwitaes choice or preference

for the bl colour over the white colour. A total of 1184 mosquitoes

pyramid collected approximately four times the numbers as white pyramids

and the black square eight times the numbers as white squares (Table 15).

A chi-squared test results in p<.01 thus the differences observed in the
colour totals aré significant. :

K : Specimens of A. cantator were taken at an‘ Tevels but vere most
gbundant at or about 122 cm from ground level. F‘{Fty-ol;e percent ‘of the
mosquitoes were collected from this Tevel and ZBi from 183 cm. The 61 cm

Tevel and 244 cm level targets did not collect many mosquitoes of this
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Table 14. Total Number of Culicidae Captured in Traps of Two Geometrical
Shapes Exposed Four Strata (Study 2)

Height (cm)
Species Square  Pyramid Total 61 122 183 241 Total
Aedes canadensis 4 2 6 2 1 3 0 6
A. cantator 105 73 178 - 14 90 4 25 178
A. excitans e 10 4 4 o 3 1 0o a4
A.punctor 58 78 137 28 51 42 16 137
/ A. vexans 13 6 19 1 7Tn 0 19
© -Anopheles walkeri 0 3 3 0 0 0 3 3
Culista morsitans 0 2 2 ‘0 0 2. 0 2
Mawsonia perturbans 718 325 143 69 468 357° 149 1043
898 1392 620 465 193 1392

S~

S
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Table 15. - Numbers of Culicidae Collected in Geowetrical Targets of Two
Colours Exposed at Various Strata (Study 2)

P Square Pyramid Grand
Black  White Total Black  MWnite Total _ Total
46 15 61 2 El 53 © 114 ,'
1
122 342 60 942 166 52 28 620 A
'
183 293 730 145 10 155 465
%4 15 0.8 125 55 13 68 193
7 v .
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. species (Table 14; Fig. 10).

45
Yo
A. wnc_torwere(aken from all heights but 37% of them from 122 cm
and 28% from 183 cm. This species was more common at the 61 cm Jevel
_(ca]]ecting 20% of the mosquitces) than A. cantator of which 8% of the
total was collected at this level. The traps at the 244 "cm Tevel coll-
ected 11% of the mosquitoes (Table 145 Fig.10).

M. perturbans were collected at all strata but in Tow numbers at
the 61 cm and 244 cwrlevels. This is consistent with the two Aedes spp.
Forty-five percent of this species was taken from targets at the 122 cm
Tevel .and 34% From the targets it 183 cm (Table 143 Fig. 10).

* Chi-squared tests on all species resu}t in p<.07 so thé differen:::s
observed in the\\coﬂectivons of ‘mosquitoes of these three species at ir;e
various levels are significant. The information is suppurtive‘ to Study 1
and 3 in\which the: targets w’ere exposed at the 122 cm level, The results

» - 3
confirm the fact that the targets in the other studies were exposed at’ the

‘most optimal level, in which a cross section of the mosquitoes could be
¢ : S

found.

Study 3" Discrimination of Regfons of Rectangular Targets

To further assess the use of vision in the orientation of Culicidae
to hosts, a study was perf(;nned to determine the regional orfentation of
mosquitoes, to rectangular s'haped objects. This was accopplished by using
rectang1éhat were patrtitioned internally into three compartménts.’ The
results of the study show a preferential response by mosquitoes for the

end or projecting parts. of the rectangle (Table 16). A chi-squared test,

performed on the nm‘uhers of 'mosqnigoes of each species collected from the: g

three compartments results in p§.05," thus the ‘results are singicant

and there is a differential response by the mosquitoes to the'three ¥4
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Table 16. MNumberseof Culicidae Collected in the Three Regions of the

Rectangular Targets (Study 3)

Black White Grand
Species E C E_Total E [ E Total Total
Redes canadensis 21 7 17 45 2 1 3 6 5
A. cantator’ 14 29 49 7 .0 12 19 68
A. punctor 8 13 4 77- 1 6 5 22 99
. 22%° 5 15 4 " 2 3 9 14 60
perturbans 306 63 283 652 ‘27 mn. 33 n 723
f
‘ 387 - 92 390 869 49 21 62 132 1000
£ =.end, C = center . "y '
.
Sufmary of Chi-squared Tests  ° %,
rPosition Position
s 25 1,3
df 2 df 1
Aedes canadensis ¥ SR B !
A cantator H *
A. punctor w i
A. vexans b 4 e
Mansonia perturbans ** e
* = p<.05
tAk o= pe.0]
*EK = 505 ,
.
|
i e N

¢
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compartments. Further Ch\'—,iquared analysis on Lh‘e numbers collected for

each species from Positions 1 and 3 of each target show the results not

to be significant and there w;s no difference in the numbers of mosquitoes

collected from these two positions of the targets, except for A. punctor

(p(.dS). Summary of the ch(-squan‘?d tests are in Table 16. _The diff-

erence noted in the chi-squared analysis performed on each species: for'

Pasltwns 1, 2and 3 is obvmu;ly due to the number 2 position. A1l

species of mosqmtues, except A. punctor, are smnihcant'ly selecting

the two ends of the rectangles.

The ;nﬂuence of colour-in the mosquitoes choice of a target was
further asse/ssed in this study.” As in Studies 1 and 2, black tarqets
collected greater numbers -of msqultues than d1d the white targets
(Tab'le 16). p

Study 4 Kodak Filter Study-
5 Experiments to assess the spectral sens1t1v|ty of blood seeking |
M. perturbans females were.carried put as two separate experiments as
described in- the materials and:methods section. .
Part A / o s
To det:ermine~ if the infrared comp’un‘ent transmitted by the filters
was - influencing, the respr}nse of the mosquitoes  to the various filters,
mosquitoes were n?fqrad a chnice of two.f;‘hv.er‘s, oné by itself and one d
paired with an infrared cut-off jjl]ter, #301, as outlined in Table 6.
The infrared cut-off #ilter filters out near infrared radiation but,
transmit& othe‘r wavelengths of the electromagnetic spectrum from 400-700 >
.
The scores. in Tab'le 17 are_the numbers.of landings ‘on the fﬂters
for each of three trms. The results -establish a differential 1and1ng
\ /-
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Table 17. Numbers of Mansonia perturbans landing on Kodak Filter g
|
Paired'Experiment, Study 4, Part A, Trials 1, 2, and 3 _.\/—
Trial 1
Filter 478 + IRCO 61+ IRCO - 92+ IRCO
92 :
am 183
©p.01
. 8 .
61 53 - .
4 p<.05
s g 3
92 "
% pP<0]
Trial 2 ) : . e
" Filter 478 + IRCO .61+ IRCO - 92 ¥ IRCO.
P g \ o
¥ am o+ 109
pe.01 :
j 152
61 a
p¢.01
: 37
92 ) 20
p<.05
Trial 3 .
Filter 478 +1RCO. 61+ IRCO = . 92+ IRCO
: 228 &
an 89
pe.01
77
e . s =
= p<.05
. S 40
92 . :
: P& 0T P,
. ¢ Sl
- J1031 . S 31 109
Tat)s 81 145 (R
5
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'réspt\znse.,‘ta the filters conbined with the infrared cut-off filter,
indicatifg a selection by M. petturbans for the band of wavelengths with-
out infrared radiation. A chi-squared test perfonv:éd on each of the_ .

" three trials of the pairél £ilters (sumarized'in Table 17) indicates
that there is a ;ign(fiéqnt z;iffergﬁce in the response of M. perturbans - '

to the two bnnds of transmitted wvave'l.engths. ' o

% : PartB 1 - ) 4t

the resu]ts of one trla‘l The afues given in the l

x table are the actual number of 1and1ngs and |n\the right cnmmn are the
. percel:tages of. 1and1ng rate on the pair. | of fﬂters. 'Fu; example, in the.

L cuMpar1sun of. filter 478 and 6'| as shown in_the top Ieft hand ‘corner of .

- Table 18, the hgures of 63 under filter 61 on \‘.he top hne and nf 37
under 478 on the second Tine are the percentages represented by a landing
of 157 on filter, 61 and 94 on fﬂter 478 respectweh(. ‘The percentages
obtained by each f|1ter aga’lnst the bther four filters are totalled at
the bottom of the tables. .The overall filter tota'ls and perqentages are
B . g1ven on the botton-of Table 20:° o ,‘.
It is seen from ‘Tables 18, 19, and* ZO that filter 61 (peak wavelength
533 8 nm) Was the most attracﬂve, f1\!t/er followed hy 478 (peak waveleng;h
452 7)s 18A, 92 (peak wavelength 545 2).and 88A.% \The resnlts are con- S

" _*’ sistent’ thmughout the three tria’ls. Chi-—squared tests perfnnqed on the

: . three trlals of ‘each fnter puir are significant. A sur nry of ‘the Chi-

quared test resu]ts are 1n Appen




Table 18. Numbers of Mansonia perturbans Landing on Kodak Filters
Transmitting Narrow Wavelength Bands of Light, Paired
Experiments Study 4, Part B, Trial'l

Number of Landings on Filters

Filter 478 61 %2 188
No. % No. X No. % No. X No.
478 X 157 63 6 1 6 21 0
61 9% 37 X w9 -3 19 1
92 409 99 137 91 . x:7 12 9 1
| 1A 231 79 157 81 ir S | 6
I . %,
i 88A 397 100 347 99 45 99 199 97
j Total 1131315 798 334 66 110 309 2% 8
| . :
i N




Table 19. Numbers of Mansonia perturbans Landing on Kodak Filters
Transmitting Narrow Wavelength Bands of Light, Paired

Experiments Study 4, Part B, Trial 2
: N

. . A .
Number of Landing on Filters
Filter 478 6 92 B seA
. No. % MNo. % ‘No. % MNo. % No. 3%
S 78 X 22 65 13 3 72 ' 0 0 -
6 122 3B X 4 3 ;A 0 0
92 a3 97 130 97 X 2 % o0 o
251 78 123 79 10 10 5 0 0
v 88A 406 100 -.393 100 40 100 143 100 X

: ' }otal 1214 310 868 341 67 116 289 233 0 0




.

~ Table 20. Numbers of Mansonia perturbans Landing on Kodak Filters '
Transnitting Narrow Wavelength Bands of Light, Paired i
Experiments. Study 4, Part B, Trial 3 R Sy
Number of Landing on Filters
Filter 478 61 92 188 s . :
No. % MNo. % MNo. % No. % Mo. 3
478 X o6 16 16 97 97 0 0 ZEY .
:
61 107 34 X 373 18,19 0 o0
%2 .4 9% 103 9 X N2 85 104
1B 276 74 798 1 15 - 1
s -~
g8A 421 100 300 100 3 100 167 99 X
¥ ;
Total 1235 304 | 635 344 5 134 2943000 2 2
Total Number of Landings Per Filter and Total Percents -
\
Filter 478 6 92 18A 88A '
No. % No.. % ‘"MNo.. % MNo. % Mo. ,
3580 929 2319 1019 190 350 892 769 10 7
. . . N .
i i < 1
. - i b ¥
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Further analysis using the Kendall Rank Correlation Coefficient of
the ranked landing scores for the five filters over the three trials

indicated a tau of 1.00 for trials 1 and 2, 2 and 3, and 1 and 3, indicat-

“ing a high level of ‘consistency in the order of@ttractance of the

filters to M. perturbans between the series of trials.

With reference t“DV Table i and Fig. 11 the results of Tables 18, 19
and 20 can be read in'terns of transmitted wavelengths as opposed to
filter numbers. The results show a diffferential landing rfaspanse tovthe
filters transmitting wavelengths r}f 480-600 nm and 400-555 nm, with tlﬁ
magority )anding on the* filter transmitting 480-600nm. This region of
the spectrum is percewéq by the human eye as a blue-green colour.

It is intereséing t‘o note ‘the relatively Mgh‘response to filter
18A which transmits wavelengths' from 300-400 nm (ultraviolet radiation).
This series of wave]en§ths is not perceived by the human eye. The -
visible spectrum for M. Eerfurbans ir;m]ves a definite shift to the left
to include these wavelengths, as the results indicate (Fig. 11).

The results also estahlish that M. perturbans appearedto avoid
infrared radiation. In P.;pt B there were virtually no I.andings on the
filters transmitting infrared radiation. This would seem to indicate
that the. mosquitoes were unnp]le to visually. -pei‘i;eiye,therw'av.ehngths
’Iungs;r than 720 nm. "' However bir‘\ Part A of the i.exper‘ime_nt the. mosquitoes
appeared to select the filters transmitting wavelength bands in the
visible spectrum over fﬂters transml‘tﬁng iavelength bands with infrared

radiation (Fig. 11). 1 N

@




Fig. 11 Response of Mansonia p_e‘rturhans to the Electroﬁagnetic Spectrum,
(300-(00 nm). Totals of Percentages of Landing Rates on the
Kodak Filters Transmitting Narrow Wavelength Bands of the

Electromagnetic Spectrum (S;udy 4B)
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- Discussion -

Most of the previous fnvestigations of the responses of Culicidae
to coloured or other visual stimuli deal with A. aegypti, undoubtedly
due to its ease of breeding in the laboratory. Observations on other
genera and species are often extended to Culicidae, by analogy, with
little regard to possible individual or species differences or to the
physiological state of the mosquitoes being observed. Snow (1871)
presents evidence that mosquitoes in the physiological state of searching
for an oviposition site, respond'differently to certain visual stimuli
than those looking for ; blood m‘ea'l source. His experiments dt;nmnstrated
that when A. aegypti were offered a choice betiveen three Qviposicinn
sites, each illumihated by a different broad wavelength band, the site
illuminated Qy wavelengths of 610 nm and longer (red) elicited the

highest Fesponse (52% of eggs deposited). The 470-610 nm (green) site

elicited the Towest (12%) and an internediate number (36%) of eggs were 9

deposxted at- the 360-500 nm (blue) site.

The responses of * the mnsqmtnes to the Variaus 1nammate nhject:}
used in this study ref'lect an operative visual response-in the mosquitoes'
host-seeking behaviour. The Vres'panse reflects a physiological process

based on the need for a host blood meal Wihich is-imperative for ovarian

.development. It is assumed that mosquitoes, collected in thls study, are in

a common physiolngica] state” (h]ond-seekmg) as a result of the]r =
response to CDZ. carbnn d‘loxide ‘Is widely employed as a releaser of the
upwi::i' oriented behaviour (Stage 2; Laarman, 1958), for most biting

Diptera (61114es and Wilkes, 1969; Snow; 1970). Kashin (1969) hypothesised
the underlying 'nléamechunism by which mosquitoes locate their hosts.
indbutyric acid_(GABA), which is found’ﬁix Targe

He proposed that gamm: -a
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quantities in the nervous system of mosquitoes, is a synaptic i.nhibitar.
His suggestion was that GABA combines with CO, (faciTitated by atmospheric
moisture) resulting in a carbamino-GABA compound.‘ Uncombined GABA is a
neuroinhibitor, but when activated by COZ (atmospheric moisture and
perhaps even moisture from the blood meal host) the inhibitory power of
GABA is diminished. He also suggests that activation with COZ may cause
excitation or act as an irritant or noxious stimulus to the mosquito, X
thus the exmtat\bn causes the increased flight activity and upwind
flight of the rqosqmto The host stream of CDZ keeps the mosquito .
constantly "primed" and "on target" (Kashin, 1969). Thus the long Fange
orientation of the mosquito ()s mediated through olfactory cues. The\CD2
compressed gas released at each test site of the current ;tudy triggers
and releases this upuind response. The visual responses 1o the targets
reflect the visual responses bperaiive in the near orientation (Stage 3)
ir; the hierarchial hnst'-seeking behaviour. With Stages 1 and 2 operative,
then Stage 3 can be investigated resul ting in Stage 4 or the )a:ding *
stage (and subsequent trapping in targets).
The four separate studies performed in this paper were investigated
to determine the capability of Culicidae to discern certain visual
factors (shape, wavelength cnmposition, ete. )‘as described-by Laarman
(1955, 1958) in the near- nnentatiun to mammate objects. One can t‘h;n
speculate on the extent to which mosquitoes utilize their v1sua] sensory
capacities in Tocating a blood meal source. Qther factors underlying
the response of female b‘lood seaking msquimes (alfactory or. chemical
—tues, physical cues) have been more extensively studved and have been

reviewed elsewhere ‘(cf. Laarman, 1955).
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The Role of Wavelength Composition in the Choice of a Target

Howleft (1910), Eckstein (1920), Brighenti (1930), Gjullin (1947)

and Headlee (1937) have established that mosquitoes have some degree of

colour perception but it is unclear exactly which wavelengths of the .
spectrum.they perceive and whether they can distinguish them when they

are presented sinultaneoisly.

In the coloused artboard study, three species, A. cantator, A.
punctor and M.

ferentially to the fiv

ertucbans. (Tables 8 and 9) were shown to respond dif-

ifserent vavelength compositions.

These artboards are seen by the hunan eye as black, red, blue, white and

aktboards of

yellow: The results for these three éﬁebles in 1977 a%ma {Figs. 7
and 8) repeate&ﬁy_ show grea‘te}' hunbers ‘of aedines and M, perturbans fron
the black, red _and blue Earget traps,. nd low numbers on yellow and ® 8
#vts s “Tha pereengages of each Species collected from the black, [
“ red and blue fluctuate so that it is difficult to separate these three
artboards on Ehe basis of m‘usﬁui‘,to attraction. Although‘the ovefal'l
totals establish black as the most attractive artboards followed by red
_ and ‘then W Individual species tot As-do not. In 1978, black re-
" ceived eql ers 6 M. perturbans as’ ’otke. In'1977 it recéived .
* fewer numbers of A cantator than blue.’ Similar ﬂuctuatmn}\exlst for
whlte and yellow. A]thcugh ‘they ar,e unattrachve artbnards yellow was

more qttractwe than Mue for A. punctar and white cuHected appronmatew

\equql numbers as blue for M. perturbans in 1977. N ® ¥

As a result of these fluctuaticns, one.colour can ‘not be znnc]uded

as ‘more. Attractwe than annther Wore accurate'ly the resu\ts mdxcate

T4 grbuping of arcboards 542 that black, red and blue are Tmore attractive

than white and ye'l'low.. This is consistent far asdmes and M. Erturhans-.




From‘ the spectral ana,lyses of the artboards in Table 1, it is
apparent that the three species are responding in greater nusbers to
the boards reflecting peak wavelengths of 450 nm (blue) and reflecting
a range of wavelengths from 580-700 nm (red). Wavelength measurements
are not given for the black and white artboards, as theoretically the
black artboard ahsorhs‘all wavelengths of light incid‘e.u upon it and
the white artboard reflects all wavelengths of 1ght.

In interpreting the present results, it was considered that the

percentage of 1ight reflected from the artboards might have been the

.cause of any preference of dislike shown by the mosquitoes. Such a

theory is well documented for Simuliidae (Davies, 1972; Bradbury, 1972).
This type of trend seems to suggest that the attractiveness of an object

is inﬂuenced(mrt by the 1ntens1‘g‘y than by the wavelength of the refletted
* 1ight such that when the ‘total mtens!ty of the 1ight reflected from the

coloured objects h high, few flies hnd but -men the intensity is Tow
more. flies land.. This is interpreted as a self protective move on the
part of the ‘insect to_avoid high intensities of light. The landing

responses of Culicidae as a function of percent luminous reflectance of

the artboards illustrates that, generally<in 1978, the percentages (j ‘
"‘} ’

luminous reflectance of the various artboards are inversely pn}puri gl
to the numbers of Culicidae being frapped in the targets (Fig. 9). In
other words, a decrease in the luminous reflectance or the artboard
reﬂecung the least amount of tht increases the mnsquitn catch or
agtractinn. There were excephnns in 1977. \White attracted more than
ye¥iow even though whte had a higher Juminous reflectance. In 1978,
the trend was further concealed by red at:tratcing mor;a mosquitoes than

blue even though blue had a lower Tuminous reﬂe:un{:e. The same type
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of inconsistencies existed for the aedines and M. perturbans. The fact
that there are substantial discrepancies in the present data perhaps
indicate that intensity is not the only factor in selection of a coloured
object and perhaps not the primary one.

There are certain limitations with using coloured artboards when
trying to determine the erea of the spectrum to which mosquitoes are
sensitive. This appro;ch results in only approximate information on the
visual phenomena, as 1imited spectral information is available. " The peak
wavelengths or bands of wavelengths given for the d(f}erent artboards
give an .indication of the wavelengths that the mosquitoes are responding
to but as Table 2 indicates, the artboards Aref'le“ct wavelengths of vary-
ing intensities throughout the entire spectrum from 350-700 nm. The
1n£ensity of reflected 1ight from the artboards (Table 2) is highest
near. the peak wavelengths of the hoa\rds which further complicates- the
interpretation of dat‘a. It is difficult to_establish whether the response
is to the intensity or to the peak wavelengths of the.reflected light.

In 1938, Brect‘::onc'luded that A. aegypti preferred darker coloured
clothing over lighter ones. Of those cloths examined, the speciés pre-
ferred black to anything, 'red was next and it apparently disliked blue.
;’f the Tighter colours, 1ight-yellowish khaki attracted fewer flies

* than white. The preference for colours agrees wjth the present results,

however Brett (1938) gives no indication of spectral data of the reflected
wavelengths of thg\ cloths. Comparison of his resi{lts\to the present ones
is.difficult, since the colour of an object does npt always fully
clu}racterisﬁ the wavelength compositlon: Colours dan look alike yet

be .of different spectral compositions, such as in the case of monochro-

matic yé]]m and yellow composed of combinations of|wavelengths seen as
| -




’ colours with a higher reflection value. Except for experimental error’

ments the areen cloths were less attractive than their Tow reflectivity

green and red. For this reason two objects of apparently.the same ~

colour may excite an insects' eye to different degrees and thus influence

differently thefanimals' behaviour. Brett (1938) further interprets

his results by looking at the percentage reflection factors of the

different coloured cloths. His mosquitoes preferred surfaces with a
/
low reflection factor. This is in agreement with the current obser-

vations but he too observed that red was more attractive than several

he offers no explanation of ti;ese ‘find\‘ngs. § @
A

' qf&iﬁ #1951, 1954) observed Aedes spp. and their attraction to
different'clpih'sf He noticed black to b moré attractive than any
other cloth, followed by .red, blue, brown, greeii, white and yellow,
an‘_gbsdrvau;-‘smﬂar to'Breft (1938) and the current results. fgain
no spectral data was gi(!en He ofiserved that tr:e attractiveness.of a
cloth a:s a Tanding surial.:e fi fel‘nale‘ adult mosquitoes is an inverse . 2
function of its r:eflectiv'ity for light between 475 and 635 nm. He also
noticed exceptions to this. He attributes these as being a result of
the texture of the cloths which obscurr&d the generalisation of the
1mp;or_t'anc’e of intensity of reflected (tht in attraction of an object.

His -other explanation Was associafe‘d wi/th the fJoris_ticvsetting fwhich'

was, a spruce forest) where the experivﬁents were conducted. In his experi-

would seem to warrant ar‘xd‘h}e attributes this.to them being masked in
the green setting. On the other hapq, ‘the bright red c!oth‘s. (also with"
low- reflectivity) ,”b;i’ngrtt)” t?}e;; conspicuousness in the green se’tting,
were quite,at'tractive’.. The |de$ of simultanéous contrast is well known

for other insdcts so this could well be infiucncing tﬁé mosquitoes in !




~
thei® choice of the red target over the green target in Browns' (1951,
19‘54) results. This could well be an explanation of the discrepancies . i
in the current observations owing to the simi]’;rity of the test sites to -
Browns . , ) >

Gilbert and Gouck (1957) compared A. aegypti, A. taeniorhynchus and
A. sollicitans in two experiments: In the first they compared intensities
(measured in f60tcand1es) of the same colour. A. aegypti was the only ’ J
species in w'nch the luwer intensities of any colour were progresswe]y o
more attractive than the higher intensihes. The \andmg rate nf A
taeniorhxﬁchus' wg\s the reverse of A. aegypti. The highest intensity of

each coloyr had-theé greatest’landing rate. . A. sollicitans pre'fer'r’ed the . ' o

“Tower intensities of yeHow, red and orange, ‘and the hxgher lntEnSlhEs '
. of .the darker colours (blue).  These results are cantrarx to Brett (1938)
, ' and 5roﬁn (1951, 1954) and the present observations. Th; -colour choice
. of his mosauitoes ir: his ‘second experiment are contrary to all other
observations as well. . When colours of equal intensities-were exposed to.
the msquiioes the following resulted: ‘ .
A. aegypti 40 foot candles Yellow ;nrange, and red>gree;\‘, violet, black
blue and white

20 foot candles ?r‘ange and red > violet, black, green ar

. % " l}'lue>wh(te £ 1 H o kK
| o g
< " A, taeniorhynchus 0 £
40 foot candles hite >orange, green, yellow and blue>violet,
i red and black - . e
3 " 20 foot candles White >green and black > blue and violet>red”
I ", and orange <
‘significanu_y more attractive than. . i
i ~ - -
i e ‘ Y
i ~ g
i1 s :
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A. sollicitans . -
40 foot candles Black, blue, orange and green>ye11a\w,
' violet, red and white ! S

" 20 foot candles no significant differences in the colours.

The order of attractivenéss was: Black,

green, orange, violet, red and blué.

}

As no spectral data on the wavelengths of ‘the colours was givén, it is
again difficult to compare these results with.other observations. The

A aequpti results do nét conpare with thade given by Brett. (193

Mthough the other- fMo specles of: Aedes were not studled prekus'ly, the

resul ts do not & agree with other: Aedes J}_E Dbservatmns g1ven by Brﬁwn

T (1951, 1954), or-the presem‘. ubservatinns Gnhert and Gnuck's -

( 957)
resu]ts coulq posslbly ind!cate specles d'rfferences. huwever their ‘results
must be cnﬁs1dered with caution. Thé authors neg'lected to-determine the

v physialngica'l state of* the mosquitoes except that ‘they were adult. __The
pnpulatmn could cuncewahly have be!n a m1xturean and hust-

seekmg masquitnes ~ Consideri (1971) observations, th‘Is could

well have.m‘msu!ts. “Also 1t was stated that the pupu'lahon

'consisted nf males and fema‘les in nndetemined sex ratios. pﬂw resu1ts‘

A could-also: ‘reflaét

fferences m the, v1sua1 rasponses of the sexes to
Yo co'loured ‘objects. i : 3

A]thuugm the colour preference results of Gﬂbert and’ Guuck,(1957) M Gl

are contrary to other resu'lts, they do in fact estabHsh one mteresting

| .- - point. The mosquitoes were able t6 distingaist b ke

"
i
4
o
i
|

-of intensity as (s»seen in the results of their second 'exﬂer\ment where : 7\* ?
y _ {ntens)ty of all th cnluurs was the same. This s evidence that - these 3 f’
NN ' shias 3t ines: have eo)our v1s(un.» Brett (1938) cumpared two colours Tk i
S (b]ack and brown) of equa] 1nten51ties and shwed that aegypti. landedh' .
Y Y
Al
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.
ifi greater numbers on.the brown cloth. He concluded that this species
does ‘have a colour sense and prefers brown to black.” Frost (1954) shnw;d
families of insects (including Culicidae) to respond fn greater numbers
to UV wavelengths than to Tonger|wavelenqths of equal \'ntensl’ties.
Colour-vision 4s defined \as the ?bﬂity to d)shngulsh ca!ours

according to their wavelength composition at any \ntensuty Ever: since

foned’ ref]ex.

von Frisch (1958) demnstrated this for bees through a cond
question has remamed whether other insects have th1§)Pi]1ty th
all dnsects develop strong conditioned reﬂexes tuward dlscrim(nat‘lm\ of
"visual stimuli:  Mazokhin-Porshnyakov (1969) points out that insects,
such as biting flies, establish rEﬂexes with difficulty and wh\c/h
disappear in a few hours. Alternatively, demonstration n,f\c“o'luur vision
in mosquitoes is established.by recording differential responses of the ,
‘mvsquitues to diff;zre\nt‘waveleng;th compositions at the same intensity.
| Except for. the o{se;-val‘ions of Brett (1938) and Gilbert and Gouck, (1857)"
ng, further evidence of co]vupr vision exists’ for Cu]icidlae‘ indicating
_the need for further study. . o ' &
Some authors maintain that if the vital needs ofJnosquit‘ues and '
i nthér insects are strhng1y dependent on. 'tr;eﬂr visual recognit tionsof an e

mbaect then ‘they will rely on the most constant fonn of recogmtiun

(Goldsmith, 1961} Mazokhln-?crshnyakov, 1969) It wou’ld seem nf mure ol

T benefit to the mnsqmﬁ)es o' have deve’loged their visual sense to perceive

objects hy 'Its ahﬁ'lty ta reflect wavelengths and_ vmt ‘by the mtens\ty
B
of thg reflected: tht, as this vaHes with ﬂfum'lnanon( The wave1 ength

\

composition of | hght,reﬂected n baect Jn _g,xffgenb zun}dlhn.ns of7

Hhmdna lon differs also. Fo
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Tight diffused» from the sky contains only a small amount of yellow-red
radiation. In the open, the flower reflects more yellow-red radiation
than green. Hygans sce the flower as yellow in both conditions due to
their colour compensating mfchanism (Helmholtz Theory, cf. N;wberg. 1960).

Insects-foo must posses:

this mechanism of colour constancy for without
Jit, they could not recognisd objects when they are differently i1luminated.
It would seem cf more benefid to mosqmtoes seeking a blood meal, to

distinguish ubJects from one, utherqn the basis of how the objects

/reflec't wave'lengths, rather than on the intensity of reflected Tight as the

@

‘former is a more constant factor, assuming the colour compensatng me-

chanism exists. In this way, the mosquitoes would be able to recognise
an avian or mammalian host regardless of the i;tensity of the reflected
light. This can only be shown exclusively by giving the niosquit&es a
series of objects reflecting different bands of wavelengths, all of the
same intensity and having the mosquitoes select n\arrow bands of ‘wave-
lengths 1ndepe@nt of intensity. This would show the insect to have a,
colour sensé or colour vision by the definition. It m;y well .be that

there is an interaction of wave,!ength and intensity in the mosquitoes

choice of an object. It could’be’that msquitoes primarﬂy reSpond to

wavelength and then secondar}‘ to -the qb.)ect reﬂectmg the lower per-
centage of 1ight.as it is to the/mosquitoes advantage to avnid“ high -
intensitiegof light. ’

The question whether nncturnal species are able to. dfscern wave-

lengths is partially ex;ﬂored in this study. Literature 1s scarce on

this subject. for Cu”cldae. The ‘weak tlImn{nnion present at night Ly .
creates more difficu]t conditions -for the colnur Vision npparntus. Io =

function, it ‘must passess enhanced a_hsohn:e and contrasting iensitivﬂy
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to Jight but from the physical standpoint this is difficult to combind
with ‘colour differentiation. The present results indicate that M.

p_e;‘rturbans is able to differentiate certain of the coloured artboards in

. _the night. Whergas at day, the species discriminated black (collected

57%) from»l‘;]ue and red (16 and 18% respectively) from white and yellow
(5 afid 4%); at night, black and blue attracted very similar numbers of
the species’ (34 and 31%). HWhite, which was’ unattractive in the day was
more g’(t_ra_ct'ivgvthéﬂ blue in the night.” Yellow was not attractive at

© day or n1ghk, a'nd “red occdpied- an intermediate Tevel of attractiveness

in the night’ as in the day. * %
Mazaan -Porshnyakov (1969)‘observed that in nocturnal insects (moths:

Cosmotriche gotatona, Hepialus xlvanum Parastichtis lateritia and the

* beetle Prionus coriarus) at illuminatfons of 2 Tuxes, the eyes are able
e N

to distinguish fairly disparate spectral wavelengths. As varying re-
ductions in illumination occur, the eyes gradually lose the capacity to'
di‘stingur'lsh‘ wavelengths c1‘use in profimit)u Illyminatlon under, natural
conditions ;t night wil] not exceed 0.2 Tux‘(full moon). On a clear
moonless night the illumination is- about .0.0003 lux. For each/Species,:

the level of threshold at chh E&species could no Tonger:distinguish

. wavelengbhs differed but smne degree of Jght vlsw’ was “observed. ° ’I'he

explanation .given for the enhanced sensltivity of the eye with the on-
set of. evenlng is that the protective: \:u1our pxgmem.s migrate from the
~day time pusition to.the mght time positian providing a mder access of
1ight. ta the optic.cells (Yahn-and Cresc1te1h, 1940; Bernhard and
Ottosun, 1960, 1961) “Thus far,it has been estab'l{shed that msquitbes
are able to, discefn coloured artbﬁards “at. ddy ‘and night but die to. the
comp'licatinn wvu‘lved “with the use of * r.d%ured obJects 1t IS mfﬁcu'lt
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to say whether the mosquitoes are selecting the objects by their reflected
& ”
wavelengths or by the percent luminous reflectance.

The Kodak filter experiment results indicate more precisely than the

coloured artboard séudy. the area of the spectrum that the mosquitoes'

‘visual system is able to perceive. Response of M. perturbans (in de-

creasing order of attraction towards the Fntérs) wast filter 61 (wave-
lengths of 480-600 mn) fﬂter#B (waveTengths of 400-480 nm), fﬂter 18A
(wavelengths of 300- 400 nm), and fﬂter 88A (720 nm and ]unger wavelengths
- infrared; Fig, 11). The peak activity of mosquitoes stud\ed by Delong
(1954) was not within the 480~ 600 nm range found in this s(dy but in the
364-400 nm, range (u'ltravia]et)

The filter datalis more comparable to electrophysiological results
thari is the co]uured artboard data. Electrophysmog‘ca) results are
obtained by planting electrodes in the visual cells or ommatld\a of the

cnmpound eyes and recording intracellular %hanges wh1ch occur when &

beam of tht of khuwn wavelengths. 1§ focused o'rrthe eye The results
are fn the form.of an e]ectraretlnngraph (ERG) which |ndxcates, by, peaks,
the spectral sensﬂ,mty of the visual p\gments presant. Mamly, species

of. Calliphora and- Musca (tyclorrhapha) oF the Diptera have been sf’u\hed &

for their spectra'l -response curves using eie:trophysiolugwal techniques _
(Eckert, 1970) Menibers of hoth genera show a'lmust |dentu:71 curves.

The ERG holds; four &eve]oped peaks at 360 460 490 and nm." The

peak a‘t 620°nm is attr;buted to red Tight radiation transparency of the

screen(ng p1gments ([!urkhardt 1962, s th. 1965) The "peak at~490 '

nm; reflects the prmmpal ahsorptmn yeak of a green réceptor system N

1ncalized in vxsual cells 1-6.

The max\ma at 450 nm reflects the | pr‘méi- 7

7 and. 8 (Langer, 1965)J Mmor maxuna of bnth receutor systems m the
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ultraviolet contribute to peak 360 nm (Burkhardt, 1962). i rison of
this data with the'Kodak filter study results shows the peaks of response
by M. perturbans to beclosely similar to the ERG peaks of the dipterans
previously examined.. The ERG of other dipterans, e.g., Eristalis spp.

(Cyclorrhapha; Autrum, 1952; Schatz, 1371), Bibio spp. (lle;atocera: -~
De la Motte, 1972) appear very similar. The impartance of having re-
cordings of behavioural responses'to visual stimli for caiparisxrn with -
ERG is emphasized, as e'lectruphys\olog1ca1 studies do nat reﬂect the
insects ability to utihze' the potential of  the visuhl pi,gments present.
e. g » the visual p(gments of vertebrates ‘have a siynlficant sensitivlty
to the near ultravialet as deter‘mined from eletrophysiological studies.
However the yellow lenses of vertebrates_ﬁend to prevent ultraviolet
from reaching the visual cells {Wald, 1958). This restriction was
probably fntroduced in the vertebrate eye to relieve chromatic aberration,
a problempot met in compound eyes. .~ %™
Burkhardt and De\ﬁntte ('m]z) su-‘up their rindin'gsAby sayi\ng.
that of the ;!ipzerans studied there is evidence for the existence of * ~
a'short_and a long wavelength receptor system.’ The occurrence of a
green receptnr systen saews to be iypu:ul the main maxima lying between

490-522 rin, a:compan‘ed by a minor maxilu in bhe ultraviolet. " In ad :

dition, a short wavelength receptor is present with a peak at 360 _nm-on”

bebuyn 430 and 460 |~ . T¢., appears that Dlvtera huve the prerequ*ls 'es

for d1chrnmat1c colojr visio fiowever. further receptnr systems may be "
5

O

involyed fnr nther spec1es.

N\ For the Kodak 1'lter$ the 1M;ensity of tht coming through the

A\

and not Tuminous reﬂectance as: for the artboards. In thls clse -the -

~
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filter transmitting the highest luminous value, ie., 16.8% (61) waslthe'
most attractive filter. This finding is contrary to all previous ob-
servations in which the lower numbers were collected from the objects
with the highest intensity. The filter transmitting the lowest inte\nsity
} was 478,the second most attractive filter.The unattractive' 92 had an inter-
mediate level of percentage Tuminous transmittance. This _does nat‘cntn- .
’\ cide with the jdeaexpressed previously that a mosquitoes' visual re-
sponse to a cc'(oured ohJect is determ;lned primarily~by the brightness
and not the ref]ected wavelengths Th1s could be used as an argument in
support.of wave'length being selected over, intensity. .
As the results of the filter experiment show M. gerturﬁans has a
‘ ' wider visible spectrum than humans, such that. it includes near ultra- .

viulet wave!engths {300~ 400 nm). . Such'a phenomenoq has-been obsarved

for~ other msects as well. i It "has been suggested that this phenomenon
§ enables insects:to distinguish (;bjects in naéure Which reflect ultra-

3 violet vavelelfiths (nézokmn-Por'shnyakov 1869, Results o thatsfon
the p'lants, flowers and insects’ studied reﬂecﬂons of ultraviolet
wavelengths are in small ammnts (<10%) but are different enough for the
objects to bs distinguished” by an orgamsm that’is' able to perceive ultra-

e violet light: (Lutz. 1‘333, Brues, 1941, Maznkhin Purshnyaknv, 1955)
Photographs taken m ulwav{o'let tht (by these authors) show that
\huttqymes do not appear as we seé them under normAl- Jight: Sexua1 e B
~differences exist in the cnlnurs of butterfly bodie:}u;to unequa) X o~
P WY _absorption of unravmet hght. Mazukﬁ-m Porshr\yakoy (]054) 11st 7‘ y ~

a mlneruus plants and '{nsects fogwhich d‘fferences in ultravmiet absorp-

tinn ang reﬂecﬁon o:nur. Daumer (\958) has demons(:rated that | haney
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of ultrayiolet light reflected from the plants. It is conceivable that

the ability of thesmosquitoes to perr_ewe the near ultraviolét radiation

(detected in the curreng filter study) is used in d\snngmshlng animals -

in nature as potential blood sources. Mammals or birds may well reflect
Witravislet radiation in different degrees as plants and insects do.
Thls would make then\ more cnnspwuuus tn the mosquitoes against ‘the
background vegetatmn. Y %

" The filter experiment also estabiished’ that M. perturpans does not
rEspunw to wave1engths in the infrared region of che spectyum.  They
apparently percewe these waveler\gths, as mr.hcated in Part A of the
filter study, wheﬁfﬂghf/mosqu\taes' landed din gmgt_er numbers: on the
filters without the infrared component transmitted through the filter.
This relatively low ‘response £ the infrared radiation Supports Peterson
and Brown (19f).and Brawn (19q4) ‘who observed no correlation’between-
attractiveness of an DbJECt and infrared radiation. ,

The: Rolé of Shabe in the Visual Near Orientation and L\mﬁng of Cuhcxdae

The rhsults of this study indicate that of .the two, " three-dimen-

; »s(ona\ shapes, cubes ‘Were significantly more attractwe than' pyramids

(Table 13) Black cubes were eight tines more attract]ve than white.

cubes: andg therlﬂack pyramd§ were four times more attractive than-white

nnes, mduahng co]our to. be of more mﬂuence in the cho(ce of a target
than-;hape. :

\\‘.- i e~

.Cubes' were sugmﬁcantly different from pyramids ‘in_their 1nd|v1@a.)

'contnur§ to el fcit specific responses among tvm‘cuhclds (A. cantator

A gunc r was -taken more freqwnﬂy from pyramds

were “Pi“ p\tcvm‘ ted as f/or ‘the* uther two spetres.




: b1ack and NhifE\ObJECtS, hinder-mg any. further shape d]S I’Mna\‘.wn Nn’ °

«
(
The shape of the target traps in the other studies was a cube and
itis believed t;wat this shape was appropriate fn_n collections owing to
its proven attractiveness in study 2 and because‘it attracted large .
nugibers of flies 9\13: ghout the collection periods. A. punctor, whvch

preferred pyramids, as collected in relatively large numhers frc

cubes in the colour preference. study. .

:'T\he current exp‘]anation‘cf discrir;inatiuh of geometrj
ins_ect’s (Maznkhin-}’urshnyakg\f, 1969), s that when an insect such as a
mosquito is m:ing:. a givenobject presents itself as a'sequence ‘qf ’
stimuli in ghe form of "Tight flSshes, which reach the oma’tidia and give N . ~
rise to successive changes in excitation of thes appropriate yi;ua1 cells. s
The number of flashes is a function nf/the struc‘tural aspects of the
object and\nf ,1rregu1ariti‘es of its c:\)ntou: A cube_would elicit a v « &
greater reponse than a'disc for example. Th;e' more broker the pattern¥
of an object tv;e higher the stimulation rea hmg the fﬂceted eyes,
Mazokhin- Porshnyakov and Vishnevskoya (1965 point out that it is.pos-,
sible to mask such a response if the objects are:too blg. "This was
apparently the case in the work of Tsuneki (1§51) with begs. If the .
obJects are too large relative to the'size of the inseet the 1nsect

cannot, see the Whole contours of the objects.at close ,distances Th\s =

'lnditates perhaps that the discrimination af ob;ects in this study was

made whne the ansec\‘. was stH'l 'mvfhght and hovemng about the target,

ennrmaus
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o -
Somewhat related to the importance of contour is the observation by \\'

Browri (1952) who used cardboard_cubes containing.equal amounts of black , |
and white in a checkerboard or striped pattern. The more contours. i
present (by way of increa;ed pattern), the more mosquitoes were attracted.

Wenk and Schlbzrer (1963) found that Wilhemia spp. preferred pro- ;
Jecting parts (e g., ears of horses or cows). of silhouettes when seeking ‘i
a blood meal, ﬂ\ey a1so noﬂced that some ornithophilic spec‘es pre- !
ferred Jsmall avian tar§ets with. projecting parts (e.g., necks) This . 3
paint is well documented fw Simu'lhdae (Peschken und?horstemsnn 1965; I W ‘,
Bennett, et al., 1972 lgradbury; 1972; BrowrMand Bannett, 1979)..- FaTHs )
_e___'l (1967) cn‘l'(ected more simuliids ‘from the end- portions of sticky . A
cyhndr{?zl snhouettes than from the mid-portions. It appears that
various points of conurgence of targets are favourgd landmg sites for
tost-seeking -simliids. This as investigated for Euhcldae in the 4
current- stud,'y. Four spec‘ies of Az+q£s_a‘nd.one spgc‘leﬁ_qf Mansonia ‘were =
callected in significantly different -}unber's from the engs of therec- N .

tapgular mrgéts than from the center. TMs tn1nciﬂes nim exishng ohser—
vnhons that some biting ﬂu:§ek the palnts of ccnvergence of nb,yacts &
. as they associate this with ai of a hosts’ body where a Iﬂoud meal e Al

o could be-easily. nbta{ned (e.g., the ears or the neck of an amlal) as .‘




v and higher targets. This indicates that these levels are the optimal

\ feeding strata’for these species. This is also évidence that the traps
used in the other studies were exposed at the most opportune levels to
collect large numbers of mosquitoes. T

| . . The vertical distribution of mosquitoes has been investigated in

many parts of the world, such as Africa, because .of the importance of

- - sylvan yellow fever (Haddow, et al., 1947; Mattingly, 1949; Corbet, 1961).

Similar studies were carried out by Gi11ies and Wilkes (1974) and Snow

ol

(1975) 1in areas of the Gambia. In Georgia, numerous authors have re-
ported finding vertical distribution levels fér variaus‘genera of
Culicidae (MacCreary, 19413 Gjuilin, et.al., 19505 Snow, 1955; Love and
‘Sm(th. 1958). In the majority of studigs, correlat{ons between the
indicated vertical distribution and_the known feeding preferences on
*hosts are discussed. The 1iteraturs does indicate natural stratification
of mosquito spem‘es‘,r thus Study 2 was not an atter\;\pt to establish strat-
" if’icatiun'ﬁu; an attempt t& sample various. strata to include possible
stratified specx’es in ‘the results. i b
I ' J Some authors have uggested practieal. application of cu]qur@re-

. A practicﬂ'l recomgndation i is the change from dark coloured to tht

- L, cnhured dress when' exposed - to biting flies. _This vould hmlude wearmg

c]ot,hmg that reﬂects a series of" vmve1engths proven nut tor bie: uttrac-

»tive to bh‘.mg flies aswell as clothing that has a hign luniinons re-

f'leg:tance.r It must be realized that such actlon alone: wﬂ] ot effec-

twe'ly dster mng er:s AppL@atiuns of repenents comhmed mth the

* ference information as a means of personal prntection against musquitnesu

&

L S —— -
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¥ |
enough to attract the flies. The clothes should be impregnated with the
repellent as suggested by Travis and Marton (1946), Smith and Cole (1951),
and Schreck, et al. (1977). '

In the course of this study it was realized the need for standar-
dization of protocols to enable l;mre accurate comparisons of data from
diffey"ent'studies. The results n.]‘s/q‘ indicate a neet; for further study
to establish more precisely the wavelengths of the spectrum that the
mosquitoes are gble to perceive: This could be acco?np'lishedyb.y further
}(ndak Filter experiments in which filters of narrower wavelength Band;
are used. ~ Incorporation of a control of intensity for the Tight traps-
mitted through the (ilte‘rs wau\q establish whether or not mosquitoes
have the ability to distinguish wavelengths of the same intensity (colour
vision)! Inte;x’sity could be varied as v;eﬂ to determine if the mosquitoes
respond differentially to different levels of intensity. Further study
into the mosquitoes' a'bﬂ‘:i‘ty to perceive u]tr;vi(ﬂet 1ight would be
useful to establish whether the& use the.reflected u'ltravio'le.t Tight
from objects to «gistihguish them in nature:' uigaviole; light nhotqgrapbé

of pntentia"l blo6d sources would also prnvidé'useful infnrﬁation.
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