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The survival of female Simplium vittatum in vials was
af : '

~eo greater (85%) when males .were present than when females ' = .: .., .7
S S | ._ : S

Co . were held alone (67%).. preponderance of ma‘les-, hdwev.er,

SR Y o Zresul..ted in decrea.S'ed female sur\'ri"i’a‘i (46%) : Sucrose was

s 6‘_, . ) . N H ,, . . R -_,_~ - z . L . "._‘.'—“

oA found to greatly 1ncrease the fecundlty of autogeno\is o Y

. T fema-le S v:Lttatgm (265 oocytes/fe,male) compared to f&males ERE

Lo - L .. U G s

W : co glven only dlstllled water: (lQB/female) - Prosxmullum mlxtum .

N A x B 'females Were more fecund after feedlng on human blood 'than CE
’ " - on (eLther
_ 253_/f-ema1é,

" b more 'rapidiy by th

et in me, e Mmool ey

oo.se_.blooas, 276 oocytes/female and

.

]

r.es'pe.c- ively. Human blood wae_ .also dlgested ' DR

e flies than was avian blood r\‘A blood- o 3

meal signifiéantly ixicre‘a-sed the number of mature ooc.ytes
v : .

) O t_hat S.- v1ttatum females developed durlng the autogenous : . '."
L ' h - . ‘: R TN

L i e e

gonotrophlc cycle. "It was- shown that thlS blood meal

4 - . CompenSated females for poor larval nutrlt:.on. ‘The effe:été‘-', T ‘
of lar'Val- nutrltion were correlated w:Lth adult.female .

fecundl:-.tY- %oorly fed larvae produced small le‘s.s. fecun:d 8

e L . . . . -, A )
' females.whlle larvae fed on r,rcher dlets yJ.elded‘ females

.

~that ‘were larger and produced a greater number oE mature

S e —

> ‘ \oocyt»es/female. Larger and younger females of 9’. vittatum

'fed nore’ avidly than did other females. 'I‘he relat:x.onsh.xp

N

o~
.

A3 e e o

- T of t.hese results to autogeny and. black fly behavrour in the

7
4

. ~f:|_e1d was. dlscussed. Female s.o vittatum anc‘i P." m1xtum~fed~

- . . N [

s . well on human blood (73% and 77%, respectlvely), plg blood IR

-(82% and - 63%, respectxvely) and bovrne blood (40% and 53%)

'

In addltlon, ] mlxtug fed reada.ly on duck blood (59%)

VN
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- sentinel animals has led tj\xfalrly sharp delxneatlon

o o "Z"..'I'ntroduc'tio\n : el o
W% o R

: In sp:.te of the 1mport .ce of.bi'ack-"'flieis as: pests A
St I . S ﬁ.{/' { .
and/or vectors of dlsease 1n’many parts of tlﬂ'e world,. et

bloloqy Slnce the most J.mmedlate lmpact of adult blac}; = I‘-

flles comes frc?fnJ theJ.r blood feeding activity, th:Ls aspect
has perhaps been hest studled Blood feﬁedlng gtuéﬁs have

! o

1n generaD tended to concentrate on the actlve or potentlal ,

-t‘ e 0
D A
.

')role of black flles as vectors of both human and anlmal

pers;stent attacks. The relatlve pauc:.ty, of rlnformatlon
o .

i \ dealing w:n.th the factoré both phy,s:_cal and physiological

-t . P

th.ch elJ.C.'Lt b1t1ng behav:Lour 1n s:.mulllds has largely

.A_“ . A . K et . .';'

Lnspired th s present research f.; e o T

In the sfleld, work on bltimg behav:.our /u/;ing balt or
e /f

\.‘

between mammalbphillc and ornlthophillc spec:.es of black

N

concept (Haddow et al 1961), was~ su\\céssfully applled

_-1. .

to the monltorlng of vector spec1es at the forest canopy

relatively ‘110?a.e laboratory work has been done on adhlt ,

: stratifilcatloh of blrd blters wh;Lc:hr although not a new ‘.' LT

' lflles.': Anderson and De Foliart (1‘961) used ba:Lt anlmals 3
“1nclud1ng ;gl)otentlal avlan‘and 1arge‘mamma1 hosts to :‘{'-
a . - ' : Bl
. determme the host preferences of W1scon51n black flies Tl
Host preferences for ornlthophlllc specles werei found to , r
. be" reflected 1n thelr habitat preferenc'es' (Bennett ';:_1960,
Pv"-‘llécuzzor 1975) These authors shoWed the';rertl.cal o . ‘




of sOme ornlthophlnc black flles such as Slm\lllum

. » oy 1x . I, - ER- | =
- AN LI
) s e ' .
S . ,2.. i
, i LT

level (Herman and Bﬁnnett, 1976) I 'l‘he re],atlve sped.:.fac:.ty

a
P

e D=

ggles:_ N & M. and S. euryadmlniculum Davxe% has allowed

-
[
,
o
f
LA

fi,'-and Peterson, 1956;/Andersor1 and Dicke,. 196.1, Wenk and

Schlbrer, 1963 and G011n1 et al, 1975) _ Although host

,~;‘_:,~.,(<-env1ronmental factors whlch affect biting behavmur (W.olfe

: ..-‘»'andl _Pet_e.rsqr!: .1960. S‘mlt}b, 1966, Alverson and Noblet,B1976

- feedlng act1v1t1es (Bennett,

.t_,'preferred hosts may take place even when other cho:Lces are

{;"l,_'avallable (Downe and Morrison. 1957) \

""-:-I.a model cf host orlentatlon (Smith 1966 and Goli,ni, 197.0.)

'(-'-’,-which deserlbed the behaviqural_ teps gp to and incfuding

'!blood sucklng Rs well, observatlons have been made on the;

s ‘__and ‘ff‘a_.s'u.u“zfz'e ,

- "blood-feeding re

P .
- more extens:Lve examlnatlon to be made -af thElr blood-—
960, ",'.963-' Lowther and WOod,
."'-. X N \ S

.\l964 Bennett and Falns,. 1971'.Bennett et al 1972 and

-_’Ifars_h‘ls', 1972)

In cspntrast to the avlan'ieedets, mammalophilxc simuliids

are telatlvely cathollc 1'n"a'their choxce of hosts.:_,' Generally,

E _howev‘er,. J.t lS the larger mammals which ara attacked (Dav.l.es

- T,

* i

. 0
: .-.'avallablllty and relatlve abundance no doubt strongly

el o K ....!

'-,Allnfluence ultimate host selectioﬁ the seleqtion i)f

<. I PR ‘ LT Y A
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Yet field_ observatlons do not answer

‘the ' gu..e-s ti c:iln_é

>

The results of fleld studies have been usetho déVelop-- REREINON
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s
hunger as perceived by the fly. It has been implicit in
~

many laboratory trials that such factors were subject to

definition (Friend, 1965; Wenk, ,1965; McMahon, 1968,
’ Pt

.Dethier, 197&).

In Africa Wans%p et al (1945), Muirhead-Théomson (1957), °

- ) McMahon anthelson (1967}, McMahon -(1968) and ﬁaybould and

e ' ' ) Yagunga (1969)™all &xperiené¢ed varying degrees of success

attempting to feed Simulilim damnosum Theobald s.l. on ilive

“hosts in the'labdratbfy. Fallis et al (1973a, 1973b) also

. >~ were partly successful in fe'eding ornithbphilic simuliids
R A . :

{ . . . ‘ . .
N g/ on birds in Africa. The European species Boophthora

-

erythrocephala be Geer and Wilhelmia lineata Meigen fed
. . . readily on the ear of a rabbit (Wenk, 1965; Wirtz, 1976).

» . S

. . North American speciegs have infreqdently been induced to

v

Y feed on live hosts in the laboratory. Tarshis (1972) fed
> - . :
" five species of laboratory-reared ornithophilic simuliids

- ; on ducks wity, if® some cases, a high degree of success.

< Simulium vittatum Zetterstedt and S. venustum Say, reareF

3

from field~collected larvae were fed.with some success

—~ . (19-23%) on the ear of a rabbit (Wenk.'and Mokry,_unpuhlished).
4 . . . .

-, ' In addition laboratory-reared S. vittatum have been successwi\\\

fully ber;uaded,to feed oﬁ a human arﬁ (Peorter, pers. comm.) . .

m - ' . ."' . - - . <

_ . & .Devices for in vitro"feeding of hematophagous insectsf
. . i ! ;',,
have beén widely employed (Friend, 1965; Galun, 1967; 57

c . X P S
» q§;ehouwé, 1967; Mellor, 1971; Moloo, 1971) but have not been
. - . . J

-

o
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a

used extensively to feed simuliids (McMahon,A}Qea;ggutcliffe
and McIver, 1?75; Mokry, 1976a). McMahon (1968) used the
;kin of two day old chicks as a membrane through which

§S. ornatum Meig. pierced and took blood. Sutcliffe and
MclIver (l1975) examined the fac;ors which induce® probing

and gorging in field-collected S. venustulm using a latex q§'
membrane system. Mokry (1976a) also using a latex membrahne,
showed that lab-reared S. vittatum could b# blood-fed soon

after emprgence.

Black fly physiology has not been extensively studied.
Yang and Davies (1968a, 1968k, 1968c¢c, 1974) carried out a
series 6f experiments on the gut and salivary enzymes of
. é
several species of simuliids. Condon et al (1976) studied

the neuroendocrine system of Prosimulium mixtum Syme and

Davies and S, venusgum larvae but comparable work has not
been done on the adults.

Several investigations have been made on the fecundity
of black flies in relation to the blood-meal and ovarian
cycle (Davies and Peterson, 1956; Petersen, 1959; Abdelnur,.
1968). Others have used the ovafian cycle as a guide to
the age structure and bionomics of field popu}ations ({Davies,

.

1961; Fredeen, 1964; Chutter, 1970; Duke, 1975; Magnarelli

and Cupp, 1938). Ovarian changes associated with vitello-
~vy
genesis were studied by Liu and Davies (1975). Also, the
”~

effects of larval nutrition on adult female fecundity were

observed ‘under field conditions by Chutter (1970) and

. . N

e v = e

»
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»

Heckler and RUhm (1976).

Black fly biting cycles have not been studied in
great detail but such reportg as are available indicate
that under field conditions there are morning and late
afternoon peaks with ,a midday depression'in feeding rates
(Wolfe and Peterson, 1960; Lewis, 19667 Alverson and Noblet,
1976; Wenk and Mokry, unpublished). Whether the midday
relaxafioq fp biting activity is related ﬁo_highér Eempera-
tures, lower humidity, inctreased solar radiation or is a

reflection of endogenous rhythms is unknown. ~

The object of this preJent study was’to investigate’
the ovarian dev;lopment of simuliids in £elation to autogeny
and blood—feeding. A study was made of the factors that
influence the .fecundity of femgple S. viétatum én& P. mixtum
including the effects of blood-feeding on autogeénous females.
Some of the factors, physiological and environmental, that
influenced the rate of blood-feeding were also examined.
An attempt wls made to determine whether black flies have
an intrinsic biting cycle or whether the pattern of biting

activity observed in the field is regulatéd by meteorological

events. B
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Black Fly Collection Areas,
The black flies used in this study weie collectedh

from several localities around St John' s,ywewfoundland.
1

Referring to figure 1, site 1 is.Shoe.Cove Broqk (47° 44 5 N,

.

52° 44'4'“) from Which were collected large\numbers of-

Slmulium v1ttatum larvae~‘ Slte 2 lS near the Flat Rock 'f.f L

was .site ‘6.

Pon& the. ma]orlty of flles of thls speC1e5'were obtalned

from the gltes llsted. -".'  . 2 .r.: o N f_'Jp" ;: o "fiA

Road (47o 41 N, 520 43" W) where several collections of ' o

attacklng female Proslmullum mixtum were made. Site-3~isJ' o I

the Hughes Pond outlet (47O 35, 6'N, 52Q .50, 9 W) whlch was a .j i‘ . Co

source for  -larvae and eggs of g2 v1ttatum as well as larval
.

P. mixtum. Site 4 was the major collectlng 51te for attack-

P ’ - -
\' . D .

ing P. mixtum and §. vittatﬂm. 3This 1s located at the ~ s

Little Power's Pond outlet: (47o 33.9" N, 52° 51.9“WY.-'Site'

5, on Mt Scio (47° 34.8'N, 520 44. 57) yielded numerous © S

attacking females .of both species besides Pf-mixtum larQaeifl
The Bay Bulls-Big Pond road-sideé ditch (47° 23'N; -52° 47'W), - . .. =
Ghich.waé the majof source. of larval and pupal P. ﬁixtqm}
I .1

: : R S
A‘: &\ . ) A

Larval. and pupal collectlons of P. mlxtum were done in

.. T

April and May of 1976 and 1977. Adults of thls spe01ES"

could be collected from late May untll the end,pf June at

o 3

bkt 2% T S P

most sites. Although‘s. v1ttatum larvae could be and often

were collected in'the'féll or sprlng'at Shoe Cove anduﬂughes~

by the laboratory rearlng cf eggs colleqted 1n the fall n}ty,m”

. e

w

i
.
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- _ Figure 1

Collection sites on the Avalon Peninsula for Simulium

< ‘2

‘vittatum and Prosimulium mixtum eggs, larvae, pupae or

-
‘

adults ) - =
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[ .
Adult female Prosrmulium mlxtum and Slmullum vrttatq_

. . S

which made up the bulk of the flles used in these experiments 'n".flf

7were obtarned 1n elther of two ways. ‘Females were netted
. Lol . - I 7. '. B
as they attacked in the field, put in vials or waxed 1ce—"'

\ n . s

, cream cartons and transported back to the laboratory 1n
; . . .'. J

jstyrofoam boxes.: These flleS here" T wrll be referred : fifil L

o
‘

-T.to as. 'freld collected":gFleld-collected eggs, larmae or.'

.ffpupae reared in bubblers (Hockrng and Plckerlng, 195 :

B

o

—?Tedeen, 1959, Mokry, 1976b) or a. stir bar apparatus (é'
and Thompson, l978) provided the second source of flles.:;b

These-flres, referred to as—'lab reared' 7emerged rn the 'n.’jihf‘ﬁ:fﬁ

B

laboratory and were collected several tlmes dally from the T'Ll“',“ﬁh

windowsnwhere'they congregated qr}in'net trape-glaced'over%
. G v L, o ) " : < .
the rearlng cyllndere. Flies'were held in.i cm;*xfs cm’u:;' ’
- ’ . . B . ‘..._ ... ~.|‘

vxals w1th sponge bottoms beneath which was in]ected 1 ml
of dlstllled water to ensure hlgh humid:ty A cotton wool t?:lq'ljhinl

w1ck enterlng through ‘a hole cut 1n the gauze tops of the"*j::

v1als wasﬁWetted dally w1th a 10% sucrose solutron : All

; ) i B o S

: flles were'treated.xn-the Same manner unless;otherwise L R P
S . o LT

. N o s . A W .aJ_

stated In the case of S._v1ttatum, a dally record was: :

kept of the number of surv1v1ng femalés. R R

9

| 'b‘ . ﬁ: ‘ﬁ'j S
S xn Newfoundland lab reared females of both specres BN e

begln the flrst gonotrophlc cycle autogenously (Lewrs and ' e

:ﬁiBennett. l973 Bradbury, 1972) and f1eld collected females,"}{Jfﬁf

caught whlle seeklng a blo?d meal, are about to enter at




ot

leaétlthelsecond gonotrophic cycle;: The'Vasgémajorlty.of
lfieldlcollected females used.in'these experiments were -
4. h- ;_ P. mirtum._:Since tnere was.reasonjto'suspect a griori

. f . 7_:that these females would show decrea51ng levels of fecundlty

.wrth advanclng phy51okoglcal age, fecundlty trlals using

- TR ‘3, L
',thls speoles were conducted only on females collected durlng

ST y;Zf.{ﬂl—fthe flISt week of the 'bltlng season It was thereby :‘Ajﬁﬁ S

- 3concluded that all females of both P mixtum-and's.:vlttatum,*
."ﬂnetted at this tlme were uniformly entering the second

Ve ?, o, '“ :
"'“;gonotrophlc cycle and thatdvariations in potential fecundity

llwere due to factors otheg'than physiological age. - When an -

ifﬁ*_f';' ,'allndiVLdual experlment was. termlnated, the ovarles were
7’fegamlnedgand thenage,conf;rmed by\thevméthod,of'Detrnova (1965);

T

» ta e, L . -
I T s B ' N e T : i . . N ! . P
S . R . : - . iﬂ‘. Sl . o 4 - » .

-
‘ .

U51ng lab x ared 8. v1ttatumﬂand ‘P. mlxtum,_an attempt
'-was made to descrlbe the au\bgenous ovarlan development ”
"fdurlng the flrst gonotrophlc cyole As:the females”were

,

- S held 1n v1als at. a gonstant tﬁmperature (2l° C) an, attempt g -

S ‘ﬁfﬁ “;d'Was also made to correlate the.phys;ologlcal age (Detlnova, . %
Bl - "“?§U1962) with the actual age in days.4~ o 3
PR N ;Z ) Q:?i The effect on ovarlan development of a carbohydratel' '1
" ":;-" ;fif‘_Leource was determlned by allowlng‘two eroups of s. v1ttatum

i * -f_:females dallyvaccess to'a lO% suorose solutlon whlle al OWLng .

Ii, only dlstllled water to‘two other groups. ;Four days af exr -

femergence the ovarles of the four groups were dlssected 0_

: ;_and the number of maturlng obcytes counted.
v . , S R - c
! [V e SO
- i ’ : v y ot r g A
. . RIS L e L& ;
i o ) C - a” lo':_:‘"‘..'.-\.-.' ot L Smesads b dm 2
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i

More than 2100 field-collected and lab-reared females

~of . both species were given theﬁgggortunity-to take a bloocd- .
\ ’ . - L ’ - ) ' ‘
meal by means of an artificial membrane apparatus (Mokry,

.19763) ’&e membrane system cons;sted of four 40 ml shell

vials fllled with pre- heat@d cltrated blood and closed W1th
«Squares'of latex rubber (Sheik® regular pro#b&lactics)

_:Whlch were held onto the v1als w1th plast¢$ ﬁings. .The

N -

‘exposed feeding area of each membrane‘%as 4.5 cmz. The'

)

Vials were fixed into plastlb bottles through which 40 C /;'
'water wa&_gonstantly cxrculated Flies were 1ntroduced to: ‘
the membrane by 1nvert1?g tho v1al w1th blood and- resting

-

it on top of a-3 cm'x 5 cm vial which“contained the flies,“
Durlng the feeding trlals, the v1al w1§% the flies was
_kept covered except for a’ l.cm space around the top which
was-ingﬁontact with'thg blood -and membraneil Flies,
attraeted tb the light, fiew or climbe® to}the top,of the
Vial where theu.came in contact'uithfthe,uarm membrane and"
'-began to feed. "The system ailowed four repllcates to be
:run srmultaneously on four dlfferent membranes _ FLies ;f
'were grven access to. the membranes for 20 minuteéﬂ 6ut-
dated ‘human whole blood wasﬂprov1ded by’ the Canadian Red
Cross 5001etyf Horse, cow, duck and goose bloods were
,_supplied by Murdockwgnterprlses, Cambridge; Ontario while:;
‘pig, sheep, dog and rabbit bloods were. kindly prov1ded by:

the Memorlal Un1versxtxiMedical Schoolr
-

After having_access to thélfeéding membranes for 20

e

. . . e ey s amts Ll " B
e DA R R i ‘%aﬁmm
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mindvtes, flies were removed. and dissécted-to,de;erminé

the proportion which had fed. 1In one set of triais, - '

"P. mixtum females which had fed on human blood and avian .

v

(duck or goose) blood were kept-in vials for five da?s. -

,

e " Qﬁ t*é”fifth day after feeding, the ovaries df-females

th-at\had' fedjbn the different host bloods were dissected PR

' dut:&nd"thé.raté.bf.dgv7lbment_and numbér. ‘cf maturing = - - oo .)
S S T - e ]
-+ -+ "oocytes was compared between groups.- , C v, L.
B R R Yo Y

_'A trial_waéiiun'to determine whether the average C 1}m
fecundity of P. mixtum and S. vittatum fémales changed with \
-the humper of gonotrophic¢ cycles completed.’ Lab-reared - "3

* examples of each species were held im vials:until the fifth , !
day when thelr ovaries were examined and thefnumber of '

IS

matuking ogcytgs'doﬁhﬁéd'for th¢~firs; éohotéﬁphic-cjcle;?
Fielé}éﬁllected fgmales; E.e. those entering the sedond .
- gonotrophig.cyéiel weregfeé.op:human blood in thé_labofqtory' .
: : : : . = e
and then liké@ise 6xamineq for comparison ofﬁfhgir pdgentigif

. fecfindity.’ _— i . . . . R

i . . C . "
a The effect of the calendar age on the blood-feeding .
\h N . ‘- . . . . : . .

ra%qi/of lab-reared S. vittatum femalés was investigated.

. . . ~

P

- A . ]

Emerging females were held_fdr periods rangipg ftom,1~2'hddf5

up to 8 days bgfore bqipg'given the opportunity to -feed. .

The klies_inweachfcaSe were dissected immediately afté:wa;df;” - R
- : - : ' o P ™~
tq¢§etermine the rate of feeding. . oo o Lo . .

«,
-~

2
~

\\ .
i”



' . Previdbus experience had indicated that the size of

vflies used might influénce'the'feeding rates and fecundity : i.
, v P :
levels. A series of .trials was designed, therefore, to
. . LN .
. . o . > -
. . s b - .
determine the relationshf@ between the size of the female '

and both its fecundlty and feedlng rates.-,A stlr bar’..'~

- ; . apparatus dev1sed by Colbo and Thompson (1978) was used to "JJHfo$;?

v

/"'-«“‘;‘ rear S. v1ttatum Iarvae under vary1ng diet and populatron ) .
- . 3 .' I'v'. ....I'-",

den51ty.reQ1mes/&hich were prev1ously known to produce a' RV R
W K\ . “ H . o . A ., . f
: : ¢ <y ’ N N ERRER .

range of adult 51zes-(Colbo end Porter, per%. comm,L;

Flfty 1st ;nstar control larvae were put 1nfthe5$tir€5ar
system and fed_S ml of a prepared (ng/l»of mater) Te%ramin "

\-diet/day‘frqm.tne~da<e of .hatching. All other larvae _used
. . .’ E . . ) . . W
} wereztransferred from a bubbled aquarium to the s r—bar.xu\“

system when they‘reac_ d Ehe third insfar.ilThese Laryae,
e ; _ S
were reared ender the felipwingﬁdier_and:density qendixiqne:f
Groﬁp'l, Sb.iar ae gimen.E‘ml}diet/day}'Group 2, looiiarvae¢’{: ’;;.:
glven 5 .ml dletjgay, Grbﬁp S, 50 larvae glven 2 ml dlet/day,ﬁhi“ﬂ:,axﬂ
Group 4, 100 1arxfe\g1ven 2 ml dlet/day,réroup 5, 200 larvaejh;:j; .
. glven ‘5 ml dret/day, Group 6, 200 larvae gﬂven 2 ml dlet/day. . .
) Females from five r?Pl}Qateé of each'regr;e.Were'used in B
O Cmewme Ty, o

Emergent females Wwere kept in v1als and given free

-

. . 47
‘access to’ sughpse for flVEfdaYS-'°ThE'QVarl$S'MeIe then"

dissected out', the number-of maturing oocytes ccuntea;'and R
. ., . . .. . i ' -.' '— N i . - "I-‘. o
a.mean establishéd for flies reared in each, regime. .a =~ da@t

measuremnent from wing tipbéo.the proximal edge of the first™ . .. " .




. .- ';(. "1 .
, ) . L
s b R :
fg o~
?#%f‘f.v\
paEy
‘Q,J/I
N ) ; meal a’ few~hours to 24 hours after emergence_;ti
Y} were llkerse measured and the maturlng oocytes ¢ unted on
day and the results compared to the means
‘ 4 - e :.v.
;j;'fgx-'._{ To" test the pésSLb;llty that adult 31ze was af ecting-
p the feedlng rate ai(ﬁfll as fecundlty,‘a sample of 275 .fQT
'preseIVed s.'v1ttatum females used 1n prev1ous blood feedlng
33'experiments (not recorded here) was examined. All females ;;
. so measured had been lab reared and used in’- human blooa—:'?'
feeding trrals on the membranes._wwing lengths Were measured
' as above and the condltlon of the fly, fed or unfed,.;"

fijj“ ,:’J W}f noteduf Slze dlstrlbution curves for fed and unfedlflies i;xT

N

i

CL ::that‘black leybxtlng activity was’ contr°1led by °1r°adia“ﬂ

\- K . S ‘.- L

frhyphme,_{é.fv1ttatum larvae were reared frOm egqs in'“

HR e,
sy k. gdemgvavt




’ X i ~1a- R f% x .
. | . . _.ga: ) 1 -
. > N
é ;ﬁm‘i-_bubblers 1n-; 12. hr lig%t/l2 ﬁr_dark?reqime. “Eﬁerged
L Lfemales ‘were kept in vxals Jin the same llght regimeiég/ézjr.
: _.2l°C.(rhe rearlne temperature).ln an eewironmen;allw -
i;. ";f¢f;éﬁFontrol1ed chamber;ﬁ-Flies,/24 48 hr} old,“were glveeg"
aeeess te a blood weal at: two hour 1ntervals startlhg :~;j:'.‘xlijig;ﬂ
. }hr kartlf1c1al dawp) | f | _ Vf. § N
v An exée‘rlme.r.lt was' des.lgned .tov\-determlhne t‘ne“efre”c'ts ' . .:'-:‘
of llght reglme storfge oh the fFedr\g ratee of.Plﬁmlwfum;:” S i
s Fleld collected femalee*were brought 1nto the,lab and. .1 j,; ;;£~:r%'
la1v1aed lﬁég feﬁrléreubs; .dee group‘wee blood fed 1mmed1ately o
aed eerveﬁ 55 the:oontrolfﬁ‘Theﬁother three groupe were - )
'1m§¥pred owernlghﬁ, eﬁe;eeeh,ln.eltﬁerr24}hrs-dark,312 hx -
1i-ght/12 hr dark, o -‘izﬁ‘» hrsllght "'rhé'y. we'r"e‘ _'t}?ex'x.a};_].'ewe-d'."-.- L

Vthe opportunlty to feed on human blood 'fhe triaie.coﬁtinued'ffj
’1ﬁ for three consecutlve days w1th a ffesh collszzyon of flies

daLly.1 All collectlons were made between 1130 1230 hr.
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{ 1fferences between the ovaries of P mlxtum and}s.EVLttatum

:ép v1ttatum females held ln v1als for erght daysbf
: are summargzed on Table l.. V;als ccntaintng females
”alone had an average survival rate of 62%.? SLrvivorshlp.
;was sllghtly hlgher lﬂ vxals w1th 45 females (65%) than
ﬂln wlals wrth >5 females '
wfemales were stored 1n V1als, dens;ty sho:;ﬁ no 0bv10us

'effect on thF\survival‘rate. The last thfee couplets;”i'

gv1315uwere dayidedflnto two

'espec1ally durang the early part of the autogenous ovarxan

T T M e . B AT R o =
B R e S ) D - :
‘ -~ ' b .
. 2 ; . S L
t T T
- : . L - B z - o9
‘ Vs N et
S oL S o o - - o T
R ’ 7 ’(,‘.\
Results . "L L e -
s AR R - e . " ‘ o
Surv;val of«females 1n capt1v1ty-f- ' 3
The results for dally mortallty of 15% reared fif' g s
."_ . _.‘,‘ : .-‘_ :". o :"‘. . N o v

- . o - -

-
-

. . - ol

a7 , . e

59%) ; When both males and

. Yy P -.;'.

- <

: )
v

shown on’ Table 1 were all derived from the (females + ﬁ':‘ -

.males) 5 and (females + males) >5 couplet (2P yhich ‘_:'~E;ﬁ';;.ﬁﬁf'f

. o E e SRR S
represented the total v1als with mlxed sexes.» When S
L SR : Tt e
roups based sclely on w;__-xj:'

,.

3

séx.ratios (éouprét'i), 1t was clear that vials in 1;.-_h""§3luf'

which males outnumbe?ed females showed poor surv1wa1 ? .' -

rates for. females.. Thls held true regardless of the;f . és‘

.den51ty of the fylégd(;euplets 4 and 5)_:J;ﬁé7~ ’ :

_greatest surv1val.%ate for females (85%) came’from :" ‘

vials in which females\equalled or exceeded males and

wherelthe tetal‘Was hS. Z: : r-", L~ ﬂi _?51.L_:}{_Aéﬂi‘f';; f??
| L e e e e e

i1 .Ovarian'deGeleﬁmeht ' ?i R

There ‘were morphological and rate of development
8

Ve

Y]




o Table 1

-

4 I3

\\5 Summary 6f daily mortalities of éhmale S. vittatum in vials

-

. -'"’“'-M","!"r LY WU S

Age in days

RIS

' ?
Number ’ . Total

of females 1 2 3 4 5 6 7 8 ' mortality % Survival
\ ' .
Females only 45 60 1 1 6 5 4 2 0 2 21 65%
Females only >5 51 1 3 2 4 4 2 2 3 oo 21 59%
- - {(Females + males) &5 97 2 5 4 7 7 1 3 3 32 , 67%
H (Females + males) » 5 144 . 4 6 9 10 10 3 a4 5 S1 65%
Females = males 130 3 4 5 6 5 0 0 0 23 823
Females «a males 111" 3 7 8 11 12 4 7 8 60 46%
(Females @ mdles) £5 72 @ 2 2 2 5 0 0 0 11 85%
(Females <« males) <5 25 . 2 3 2 5 2 1 3 3 21 16%
. " ‘
. u-J v
(Pemales =2 males) > 5 ) 58 3 2 3 4 0 o 0 0 12 79%

(Females < males) >5 86 1 4 5 7 6 6 3 6 38 56%

_9I_



-

S -17-

cycle. P. mixtum females were invariably observed with

the ovaries in at least late Stage II though many females
had Stage III ovaries. S. vittatum females were more
variable than this but most females had early and middle
Stage Il ovaries. On occasion §. vittatum females were
observed with ovaries that appeared to be Stage I (fig 2A).
The difference between the ovaries of these species,
however, was much les§ gpparent after 72 hours at 21°cC.
Figure 2 illustrates the stages of development observed
and attempts to apply the terminology of Christéphers’

({1911) stages for mosguitoes.

A - Stage I Egg follicle rounded with a faint granular
appearance. Numerous (up to 15) nurse

cells visible, however, nucleus of oocyte

not distinguishable. (S. Vvittatum only)
»
B - Stage I1I 1) Early - enlargement of nurse cells to
(Newly~ £fill follicle, follicular epithelium

emerged) formed, oocyte evident.
. -

C - Stage II 2) Middle - continued yolk deposition
(Day 2) in oocyte, most yolk granules small.

D - Stage II 3) Late - yolk deposition continues
(Day 3) with larger rounded granules. Nurse o

célls beginning to contract.

) !?

RTINS SUNINIOeY SO LS R S
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Figure 2 ' tr

T~

r
Stages;gf autogenous development of ovaries of lab-reared

3

S§. vittatum

A ~ Stage I (7?)

B - Early stage II
43

C - Mid-stage 1II

D - Late stage II

E - Stage IIX

F - Stage IV

G - stage ¥ i

H - 'Stage I cocyte from attacking female

1 - nurse ;%lls )
2 - tunica
3 - germarium

4 - follicular epithelium

5 - nucleus of oocyte

6 - yolk granules

7 - follicular relic

s -
o R R TR
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E - Stage ITI Nurse cells contract further as yolk
(Day 4) fills more than half of follicle.

Nucleus of oocyte just visible.

F - Stage 1V Yolk entirely fills foll}cle, nucleus

(Day 5) ' obscured. ’ .

» \’
G - Stage V Shape changes to sﬁb;triAQQuldr as
<, . " ."

(Day 6) chorionic layer is deposited.

a

‘The last follicle illustrated (fFig 2H) is that of a
field-collected P. mixtum. It indicates that the cocyte
resting stage is Stage II. Algo very clear was the
follicular relic which showed that this female héd completed
oné, presumably auntogenous, gonotrophic eycle. The corpora

) ;
lutea in the relic weredistinctly yellow in colour.

.

’

III  Factors affecting fecundity
. A) Larval nutrition’
Larval nutrition-proved to be a factor strongly

1 N ¢ .
affecting adult size in §. vittatum. This in.turn was

correlated'with the num%e? of mature .cocytes that a

female gould be expected to develop (Table 2 and‘fi§ure
3).- Conérol and Group 1 flies, which were the best éed,
achieved wing lengths of 3.%4 mm and22.89 mm, respec—' |

tively. Groups 5 and+6 (which were reared on ne;r

starvation diets) produced the smallest flies, 2. 31 and

-

Eat
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Table 2
Effect of larval diet on adult wing length and fecundity -
*Group " Number measuvred Wing length in mn Oocy;:es. Q-
Control © 8 . 265. + 24 \ .
1 e ' 251 ; 9 S
2 . .9 _ 'S _'228 + 36 -
3 " T T 2.51°£0.09 168 # 3];.
4 Tl © . 2.43 t0.06 112 + 34 )
5 1 2.31 + 0.04 87 + 25 .
6 13 2.21 * 0.04 *%77 & 38 .

*Refer to Materials and Methods for details of diets

suppiied . ‘
to each group - : .

*

**Represents counts from 6 femaleS” only as 7 females did not
deve lop any mature ococytes )
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e

Figure 3

W
Relatiaonship between the number of maturg oocytes/female and
size of female as measured hy wihg length in laboratory-
reared §. vittatum
g
C = Control.females .
1 = Group 1 females : . ' Lo
2 <'Gfoup 2 females - : : ' : .
‘ 7 N . [ B .
3 = Group 3 females -  see.Materials: and Methods for -
4 = Group'4 females diets fed each gtoup ' . <L
5 = Group 5 females
6 = Group 6 females"
b
. b
--
et .
. ' 4
5 .
. A%
‘\J
; ° - e
; ~ B
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2,21 mm, respectively. Groups 2,3 and 4 produced

females with ihtermediate wvalues in descending order.

These(groups retained t}he same rank when the

number of ookytes was counted and complared on the

-

'fift}; dax. The hicjhest ng,mber of mature oocytes/
..fle'ihale v;i';s foind En th_ev:control flies (265/female).
anci Grbﬁp 1 fllies _(25‘l/f';ma‘le) . The small, -pooley"

I - .

fed.'fI'Li'es'had the lowest nui:\bers with Group 5 showing
é7./femallelan‘d’ Group 6, 77/fema'1.e'. . Aéa'i , -Groups 2,‘33'
. and 4,<.i'emons|;rated intermediate values in descending

s
order.

'
S |

The Group 6 flies, in addition to producing the

~ 3

l'owest_x-iumbe'r of oocytes/female of any growp , included
§.even f:eniales which did not produce/any oocytes over
. .
the fivg_' éa.ylpe'r_‘iod. Only ';th_e six remalining females
~-whi'.ch.d.i.d dévelop'their ovarioles a'utb'ge_nous_iy were
'-inclu.ded in the cglcui’atié‘n;'of fecu.n'd.ity., " . : '
. . _
The . c‘or.re.l_ation, b\e.twéen wing length and ‘facd_nd-';.i'.ty.
was clec;r. A sgatt‘er-jd'iagr,am avxhd"trhe ‘cal,culatel;d regres.sion‘ :
‘line.(:Yw.n X)' are &own on fiét;re 4. The calcuiafed' o '

coefficient of’ correlation was r = 0.81, .Wwhere the . . ¢

cor:;eléti_bn cori,stan’t .= 248 .27 and degrees of freedom =

(v

45. The correlation equation was Y = 247.7X - 472.8,

- 1y

& . . :
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Figure 4

<

o~ N
Scatter-diagram with regression line showing the relationship

between wing length and n?h‘pber of oocytes.
[} - ey

Correlation equation, Y = 247.7X - 472.8; r = 0.81; df = 45

e
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B) Blood-feeding autogenocus females

. . .
An additional number of female .S. vittatum from

the above groups was given the opportunity to feed

o

on human blood one or-'-two days afterxr emergence. The

‘

effect of this blodd-meal on the fecundlty of autogenous

females is shown on Table 3 -Data’ in the Oocytes

AN A ~

Expected column were taken from Table 2 - whlch gave the

o ‘means of autogenous unfed fecundlty for the approprlate

s,;L-ze.group; 7 All .the. mcreases '.1".- ma,t_ure_ oo_c'ytes-'lwe.;e
'signific'ant at p.= 0. ol. No‘ne of the 'Grou‘p. 6 females
(those that were phys:.cally the smallesb) took a blood—

meal. Consequentl'y, data under the Oocytes. Observed
. .

column are.lacking for this group.

X

Figure 5 ‘compares the level of. fedundity of ‘unfed

s

and‘fed, femall'.e S. vittatum from the s ame size group's.
“ . The percent 1ncrease in oocytes was 1nver5e1y related

to the size of the £1y. Contxo-l females__lncreased- at

-the ra'te'of 18% whi.le.the remaining g.roupe increased

' atthe following rates: Group 1. 29%, Group 2, 32%;

'Gro,up',3,3~-v5-7%; Gro'up 4, 102% and Group 5, 70%.

ey - Source of blood Y R o .

Table 4 1nd1cates that ‘field- collected P. miic:t'uxi\ "-.-'

aVe‘r’age, fewer oocytes than’ dJ.d human fed females. ;

Three each of duck and goose blood fed flles surva.ved-'

_ females which were fed on. ‘avian blood matured on .the

i

«
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) Qﬁ.,
Table 3
i
. ' ! I
Effect of blood-meal on fecundity of lab-reared §. vittatum i q
. Group *Oocyfes expe%ted Oocytes,qbsefvéd'
‘Control 265+ 24 . . 314% 10  t=5, n =12 ¥ - ¥
1 . 251t 9 323+ 9. . t=5.8, n . ="9 - -
i ) ) ) . o M . --.. ) . ) . . . ) o ;
2 . .. 2281 36 301t 26 . t=4.56,n‘=16 . .,
"3 - .. des 31 o 263 %23  t=a4a.65,m o= 7
LT e T 112+ 38T 228 32 t s 5.19, n.= 11

10

i+

]
]

5. . - - 87
: \
6 - 77 t 38 . o M-

25 . 148 t ="7.12, n

’ _fVaiue§ for Oocytes expected derived from Group means as éhown
. on Table 5 ' _ -0 o
**No- Group 6 females could be persuaded to take a blood-meal
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Table 4

Fecundity* of in'dividual P. pmixtum females** with avian or

human blood-meals

Avian (goose or duck) ; :' ' Human
240_maturing oocytes . c 268‘maturin§ oocytes
268 . ‘ T277
269 A L 282 o
221 . E . " 26
253 . : 279
267 ' ' 269 M
x = 253 + 19 ' L 275 .
. . 277
. . X = 276 &£ 5
't = 2.84, significant at p = 0.05 .

1 ’

*Fecundity was estimated by counting the number of maturing
oocytes a female developed five days after taking the
blood-meal . ' . . o

**Feémales used were field-collected while attacKing, hence,
all were parous but of unknown physiological age,
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the five days until tﬁe ovaries were dissected. f
There was no significant difference between the

egg production for the two avian bloods at p = 0.05‘
so the two.avian groups were combined and compared
to human blood yields. An average of 275 + 5 mature
oocytes/female was produced by flies fed on human
blooé compared to 253 t 19 for flies fed on avian

~ blood. This proved to be significant at p = 0.05,

t = 2,84, n = 14.

. The blood-meal source also affected the rate of
development of the ovaries in P. mixtum. All human-
fed flies had reached Stage IV°while all six avian-
fed females were found to be at Late Stage 11 on the
fifth day when the experiment was terminated to con-
duct the e;aminations. Blood remains were found in
the mid-gut of avian-fed flies while no traces of
human blood were observed duri?g the examinations.
, 4 , N
Survivorship of field-co;lected blood-fed
P. mixtum females was poor under lab conditions. Of 13
the 29 duck blood-fed females and Zl.goosé bloo%-fed
females, only three females from each group survived
the five day period after feeding. O0Of the human
blood-fed flies only B8 of 50 survived. This heavy
mortality accounted for tﬁe small sample sizeslin this

v

experiment (n = 14). .

LA A A (N W R Ty e
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D) Sucrose

Sucrose greatly influenced the number of mature
oocytes a female S. vittatum could be expected to develop
autogenously (Tablé 5). The flies -used in this experiment

were those which emerged from larvae fed either the

-r

. “~
Control diet or the G;oup 2 diet. Thus the flies shown . AN
. Ln Table 5 as those having had free access to sucroég,are
the same flies listed under Control and Group 2 on Table f . \‘

2. Those flies shown as having had only distilied water;,. ..:f“:if
howeQer, are additional females of the same diet groups.’ '
Statistically, the sucrose-fed females served as thel
Expectéd data while the flies given only water provided ;.
the Experimental data. . ¢

Control-diet flies, which had an éverage wing length
of 3.03 mm( developed an averége of 198 * 23 mature

ococytes when given only distilled water to drink for four '
days. Sucrose-fed flies from the same diet group
developed an average of 265 % 24. The éverage decrease

in fecundity of hon-sucrose-feq females was 25% and waé

significant at p = 0.01, t = 5.)70.

The results for the physically smaller Group 2
females were even more Bronounpéd. The average wing '
length in this group was 2.7b.mm."Flies given access ('
to water onI@ matured an aveiagé;af.83 4+ 34 oocytes: N

compared to 228 * 36 for sucrose-fed females. 'The

decrease in the number of mature oocytes in females .’
” : ' '

L I U St .’.“-'E-\“;w,ur- oty
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Effect of sucrase o

* lab-reared S. vittatum

Distilled’

water

@

_Sucrose

the number
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Table 5

Control Diet

Wing length Qocytes
3.00 201
3.10 207 .
3:07 213
3.93 206
2.97 151

R <
3.00 224
[

2.97 179
i N
3.04 199
8.01 t 0.06 .198 % 23
3.00 233

" 2.90 248
2.93 230
3.10 . 288
. ) :
3,17 281
3.07 270
3.07 287
3.07 280
3.04 + 0409’ 265 +'.24

U L R PR TIP S LR e e T TR

o e W72

of maturing oocytes in KS

Group 2 diet

wing l;ngth Ooéytes .

2.67 91 - \"

2.73 92 |

2:70 97 B

2.76 31 [

*2.73 ) 31

2.64 106

2.64 3 91

2.67 127

2.69 £ 0.04 83 * 34

2.70 198

2.73 " o261

2.67 - 197

2.73 255

2.70 279,

2.73 209 |

2.67 245

32.70 179

2.70 + 0.03 228 :.36
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not fed sucrose was 64% which was siqnifiéant at

s

» p = 0.0l, t = B.28.

E) Physiological-age

Female P. mixtum and S. vit?atum developed,
signif%cantly fewer mature ooc§te$ auring-ghe:seqbnd
gonotréphiclcycle as ¢omparea”to thé qhtogenous fi{st

.eycle. The mean oocyte number for lab-reared autogernous

r

%

P. mixtum and §. vittatum was 302 and 265, respectively.
This compares to 276 and 218 for each, respectively, for
~ the second gohotrophic cycle for which field-collected L/ﬁ\\yy

females were féd on human blood. These differences -

were significant at p = 0.01, t = 5.81 (P. mixtum)and

t = 4.81 (S. vittatum). These data are presented on

Table 6. . ] -

In the case of the field-collected S. vittatum
5 fema}%s which were.fed-in ghe,seéond gonotrophic-CYCle,
ghe size of xﬁ; flies.used was equivalent to that of thé
females in the autogenous fifst cyéle. That is, females
between-2.95 - 3.14 mm in wing length pfovided fhe data
'for,the_Second,gonotrophiq cycle. Their age was later

- . Lo ’Q’ . . . f
confirmed by the ovarian relic technigque Qﬁ'Detfnova (1962).

‘l
!
P. mixtum females were also confirmed as being in

the second gonotrophic cycle by the ovarian relic

technique. At the time that these trials were‘done,

e




Fecundity of P. mixtum and 8. vittatum over two gqn{:iifhic

F1)

cycles
*Autogenous cycle *1st blood-fed cydle
P. mixtum . 297 maturing oocyte8 268 maturing oocytes
4 30L o 2717 e '
291 - R 2827
289 - : : 281"
300 : 279
321 - = 269
7323 . B 275
295 o 277
299 R
o : . x = 276 £ 5.15
' x = 301.8 + 12 . ' S
J
S. vittatum 233 201
248 ' 230
230 227
. 288 ' 224
261 . 189
270 197 -
287 . . 210
\\280 251
_ ' 232 ' )
X = 264.6 = 24 ' © 221 ‘
210
219

x = 217.5 %17

*aAuto§enous females df both species were lab-reared, while
females in the 1lst blood-fed cycle (actually the second
gonotrophic cycle) were field-collecﬁed when attacking




-33-

thepe was no séandard in wing lengths for fecundity
- ' carrelations for P. mixtum. However, a measured
sample of 77 female P. mixtum captured and prese{vea
at the'same time and place of collecéion* for the
females fed in this eﬁperimept gavg 'a very consisteﬁt

wing length (;,= 2.89 %+ 0.01 mm).

Iv Faétors affectiﬁg the-blood—feéﬁihg rate

A) Size of the fly |
w 1; C - i The siz; of the fly wés not oﬁly posit%vely
éorreléted with;fecundity but with the rate'of feeding
as w?li. Figure 6 shows thé fesults obtgined when a

sample of female S. vittatum used in some previous _ .

feeding trials was divided into two groups depending
upon-whetﬁer'of not they had fed. BAll the femaleé used \
in figure. 6 were lab-reared from eggs and allowed the

opportunity to feed on human blood. The unfed females

(n = 144) had a mean wing length of 2.49 t 0.18 mm _
while the females which blood-fed (n = 131) had a mean .;)
wing length of.2.64 % 0.16. This difference was . .

i

significant (t = 7.47) at p = 0.001, where t = 3.29 at

J
v

v

’

df = o© (n = 275). The ranges of the two groups, how- S

ever, g;eatly overlap so that the biological significance

of these differences may be questionable.’ -

*June-10, 1977, Broad Cove River, Site 4, cf fig 1
- P X -7 '.~ .

Wt

- N - - _— e e,

SO - FA YR T Iy




Figure 6 ; 2
Size distribution of lab-reared S. vittatum. Curve at left
represents flies which refused to feed; curve at right shows
flies which blood-fed.

144

2.49 + 0.18 mm, n

Wing-length means: x, unfed
. A

131

x,fed = 2.64 * 0.16 mm, n

\
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B8) Calendar age of fly
The ‘age of fly in 9ays also had an effect on the

blood-feeding rate of lab-reared autogenous S. vittatum

(Table 7). Newly-emerged females proved eager to feed
while only 1-2 hours old (41.8%, 23/55), but the high-
est rate of feeding was observed in.day-dld flies,

84% (126/150). After the third day the feeding rate

dropped abruptly and decreased daily to 9.1% (3/33) on’

'
-~

Aithouéh.there wés no quantitative‘record.of,fhe
amount Sf blood taken by each age group og'flies pfovided.
with a feeding ;pportﬁnity, observations indicated that
newly-emerged and day=-old feﬂéleé became more blogtéd
than older flies. 1In pérticular, seven~ angd eiéht-
day-gld'gemales appeared to take considerably less
blood théd.gﬂese youdger.femaleé.
cy Lab=reaféd vs field-collected females

As stated in the previous section, lab-reared
S. vittatum (24 hrs;old) fed well on human blood (84%) . .
Females field-collected while éttacking or hovéringhnear
the qolleétor, however, did not feed as s@ccessfu;ly dni
the membrane (31/105, 29.5%). It is uncleh& if these

females were simply less avid to take-bloéd because of

their physiological age or whether this was a #ésulf of =

the trauma of collection,  transport and handling~

- .
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[Datet

""" % blood~fed

Ve

L
. Feeding rate- -
.42 - . 84 73

Effect of calendar age on the fegding rate of lab-reared §. vittatum

Age in days

1-2 hours 1 23 a . 5. 6 7
23/552% 126/150 59/61 65/104 57/127 59/_1'50 20/115 - 11/100
’ 62 a5 . .3_9‘ _ T 1s 11

8
3/33

9

_gs_
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However, attacking P. mixtum, collected at the same

time ‘and place, blood-fed eagerly in the laboratory

(710/971¢2, 73%). This situation is further complicated

- by the fact that lab-reared P. mixtum (2-24 hrs old)

uniformly refused to blood-feed (0/18299). Since these
two. species Qere'handled ih ;nlldeﬁtical manner througﬁ-
out thg.éourse of these’experimént§y fault in téchnique

would ot appear to ‘account for tﬁése'éecidedly oppogité'

results.-

~

. D) ‘Source of blood-meal

Table 8 summarizes the results of ‘exposure of

P. mixtﬂm and S. vittatum to blood from various sources.

.?ield-collected P. mixtum readily accepted blood from

™™

man (73%, 710/971)., hokse (72%, 63/88),°pig (63%, 15/24),
cow (53%, 18/34) and duck (59%, 29/49), but not from
dog (10@,'11/110) or goose (14%, 3/21). Laboratory-

reared females of P. mixtum uniformly ;efpséd to. feed

Simulium vittatum fed well on most bloogds (human

77%, 264/345; pig B2%, 37/45; cow 40%, 14/35; dog.38%,

" 6/16 and sheep 36%, 8/73) but less well on others

(duck 18%, 2/11; rabbit 20%, 12/60; horse 29%, 8/28).

In the case of §. vittatum'lab-reéred flies fed more
than twice as readily as field-collected onéé:':65;5%
(351/562) and 29.5% (31/105), respectively.

1
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Table 8
.
.
oo
o ’ e

" P. mixtum® . (A}  0/182-

"o 8. wvittatum.

‘0

—_

The effect of différent host bloods on the feeding ;atesﬂbf-SQEe simuliids

QUman % - Rabbit %
.t 0 ' - '- -
" (B) 710/971 _73- -, -

~kg{/f 264/345 77' 12/6Q 20
(B)' 23/67 4 -~ =0 0 -

. Cow ' ../ % Horse %

(ay e Lo
(B) 18/34 . 513 63/88- 72

'S vittatum | (A)  14/35 - 40  8/28 29
e (BY T T3/9 33 - -

~ -

females ‘lab~- reared from fleld collected
females caught in fleld while attacklng

*AV1an - lncludes goose ‘or, duck blood

- A

B - . @ .. - -

Pig

15/24 -

37/45.
3/27

eggs,

-% TS_}xéép" % Total

- - o/182

46 . - - - - 742/1041

18 i 8/23 36 286/438
.= .~ . =, 23/67

%  Dog. - % Totals

‘63 117110 10 107/256

82 .6/16 38 65/124
11 2/2 . - " 8/38

larvae ©r pupae

.

65
34

52
21

-------

_85._



v

L B
. .
-
.

SN

N

b

o mewie

Aary

o gl T gt N

PRI

-39~

(
E) Light regime storage
€ .
"The effects on blood-feeding rates of storage for

b )

24 hours of field-collected female P. mixtum are shown
on Table 9. Freshly-caught control flies‘fed at con-

! 1 -
sistently high rates (89%) compared to all stored flies

147%-22%}. Among stored flies, those kept in 24 hrs
darkness before feeding gave a 47% (31/66) blodd—feeding

rate which is somewhat higher &£han that shown by flies

kept in 12/]2 light/dark (41%, 19/46). Females kept in

continuous light showed markedly reduced feeding rates

—

with only 22% (12/54) taking blood.

F) Time of day e

§&. vittatum females which had been reared-and”stored

for 24 hrs in a 12 hr light/ 12 hr dark photophase pro-
duced the results shown on Table 10 when given the

: . .
opportunity to feed, . Flies fed best during the two-hour

period just after 'lights on' (89.6%). The three
following two-hour periods showed'slightIy diminished

.
: L]

“ -
feeding rates as compared to the first 'lights oq'

‘ period although the three periods themselves produced

similar redults (82.3, 82.5, 80.6%). Females fed

.
-

during the “fifth two-hour period showed increasing
reluctance to feed (63.6%), while those in the last

period fed even less w%llingly (47.6%) .

~
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Table 9

Effect of light on stored blood-feeding P, mixtum

a

*+
Control 22 hrs dark rl2/12 light/ 24 hrs light
B (fresh-caught) stored dark stored
. S
ﬁ 17/19 89% ° 6/12 50% 11/25 44%‘ 3/14  21%
7/8  87% 14/29 48% 3/9 33% 5/21  24%
23/26 88% 11/25 <443 5/12  42% 4/19 213
37/53 88.7% 31/66 46.9% 19/46 41.3% 12/54 22.2%
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Table 10

Effect of time of day on blood-feeding lab-reared S§. vittatum

*%ﬁme

0800 '~

1000 -

1200 -

1400 -

1600 -

1800 -

1000 hr -

1200

1400

1600

1800

2000

**Numbers used

26/29 9% fed
14/17
25/30
25/31
21/33

10/21

+ fed

89.6

82.3

82.5

80.6

63.6

47.6

*Artificial dawn at 0800 hr during 12 hr light/ 12 hr dark

light

regime

**Total of three replicates

e e i ek oG AV

2
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Discussion
'
I Survival of females in captivity
The longevity of female black flies under laboratory

conditions has obvious importance to any study of adult
biology, especialiy when possible disease vectors are
involved. Fo,i: thisl reason recent 'studies on adult longevity
haw’a. tended to concentrate on known vectors o’f human oncho--

cerciagis (Raybould and Mhiddin, 1974 and Figueroa et al,

1977). The latter authors kept 45.9% of S. ochraceum females .

alive to the eighth day. Davies (1953) was able to keep
70~76% of field-collected S. venustum alive for five days in

20 cm x 3 cm tubes. Dry sucrose crystals and a distilled

water supply were found to give the best results. Fly

.density apparently was not a factor affecting survival in

these large tubes.

In the present work density again did not significantly
influence the survival rates. What did affect female

survival sjdin this study wvas the relative proportion of females:

.males. Female survival was greatest (85%) in vials vwhere

» &
a lesser number of males was present than in vials with
' ’ !

females alone .(65%). The poorest female survival ‘(46%) was -

in vials where males outnumbered femadles.

-

Observations indicated that males were far more active
than females and that their presence had an unsettling ‘ef.Efe"ct
. . I'4

on the females in vials, The 'domino effect' was often
)

-~
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v

observed in that the activity of a single fly would displace
or dis£urb a nearby fly which further disturbed yet another
fly. In vials co;taining males, therefore, the level of
activity was observed to be higher than in vials with
females alone. It is likely that in vials din which males
predominated the level of activity was such that s?reSSf

related mortaliEy may hawve accounted for a large pfoportipn

of the dead flies. . A

II ‘Ovarian development

¢

The process of maturation of the ovarioles in both

P. mixtum and S, vittatum followed well-defined stages Y

b

which closely approximated similar stages of development in

mosgquito ovaries as defined by Christophers (1911) and Mer

(1936). In the case of S§. vittatum the developmental stages
wexe in broad.égreement with that of Pascuzzo (1976).- Devgl—
opment was more mni%orm) however, in the black flies studied
here than {slgenerayly true of mosquitoes (Clements, 1963).

In autogenous Toxorhynchites spp. in particular, oocyte

development is distinctly asynchronous as an ecological
adaptation to the uncertain and changing tree-hole habitat

(Thompson, 1l976a; Watts and Smith, 1978). In one species

of black fly, S. (S.) japonicum, oocyte development was

observed to be irreqular and asynchronous as a result of

impartial or interrupted blood-meals (Takaoka, 1973}.

4

The rather prolonged development period of eight days .

M AR i e rphnfiraid bl N
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at 20°¢ for both the autogenous and blood-fed‘@ycles has

implications for the potential vectorial capability of
Since biological transmission of parasites

these flies.
relies upon repeated blood-feedings w¥th the interspersed

-~

ovarian development and oviposition cycles, female ,

mixtum would Iyave to survive at least

an P,

§. wvittatum
C to obtain and transmit a parasite.

&
3%-4 weeks at 2
Anaufoqenous females would require one less ov\gmfian cycle
to ‘be poten?:ial vectors., M‘agnarelli and Cupp (1977) found

tuberosum (both anautogenous)

that many §. venustum and S,

completed two gonotrophie cycles with the rare female com-—
1f the same sort of physiological

pleting three cycles.

.
age structure exists for autogenous black fly populations,
then thése' would be effec:.ively eliminated frm;x a d:i:sease
It is, however, worth noting that Stone )
. - -

transmitting role.

and Jamnback (1955) found that the second generation of
§. vittatum phoducéd by some streams in New York State was

I

anautogenous for the first gonotrophic cycle. Both
. -4

were shown to be anautogenous : ;

decorum

S, vittatum and S.
1968) .

in the second generation In Alberta (Abdelnur,

II1 . Factors affecting fecundity
* A) Sucrose
. v N
’ Sucrose was previously reported to influence the d
~ expression of autogeny and the fecﬁndity of some insects ‘ <
(Downes, 1958 and 1971; Nayar‘and sauerman, 1975) .

¢
Arctic Aedes communis de Geer was shown by Corbet (1964)
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to require a carbohydrate source to develop its ovlaries
autogenously. The autogenous Australian black fly,

S. ornatipeg, has recently béen shown to require a

carbohydrate, preferably sucrose, in ‘order to express »
' i

autogeny (Hunter, 1977a). The present study with.

S. vittatum confirms the results of tWHese authors. The =~ -

lack of carbohydrates resulted in & sjtgnif'icant reductian
in the number of mature oocytes’ prddugeq and greatly
reduced‘ female survival over 1;_he eight days that *they
were held. Chutter (1970) found that denial of sucrose
for 48 hrs r'esulted in a decrease in the number of

)

mature oocytes a female 'developed autogenously. Nayar
and Saverman (1975) showed that sucrose definitely
incre?sed fecundity when provided to mosquitoes both

before~and after blood-f‘eeding. Also, more sugar-fed

Culex nigripalpus developed eggs from partial blood-

meals than did females which initiated oogenesis with
previously depleted energy reserves (Edman and Lynn, 1975).

It is evident that although S. vittatum_was‘ in an

. autogenous .gonotrophic cycle when tested in this stﬁdg(
the same carbohydrate needs exist. It is suggested

that in carbohyd:até—deprived females, some- nutrients

that would hawe been utilized for ovarian developmen;c-
' may be shunted to general maintenance and metabolis.m

which ultignately prevents some ovarioles from becoming

activated.

B L SANPLOUL TR YA PP, R G F o 44 35 <
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B) Source of bloogd ™

# The source of blood had*an\effect on the fecundity
of P. mixtum. Human blood-fed females produced a greater
number qf active ovarioles than did avian-fed flies.

This difference in fecundity is probably a reflection
of the species' known mammalophilic preferenee (Davies
et W1, 1962). The rates of blood diééstion a;ﬁ oQa;ian
development wers retardea.as well in avian-fed flies.
Tﬁe effects of different host bloods on fecundityAin
simuliids has, however, received very li£tle attention
considering the importance of the reproductive rate to

N

control measures.

The effect of different host bloods on fecundity

has been well-studied in mosquitoes. Bennett (1970)

found that A. aegxgtl L. produceg more’eggs/female

when fed on bird bloods than on guinea pig or human
bloods. Woke (1937a),,however, found that A. aegypti
developed more eggs/mg of guinea pig or rabbit blood
than on canary blood. ﬁossibly this species routinely
takes larger blood-meals from avian hosts than from

mammals which would result in larger egg batches (Edman

and Lynn, 1975; Takaoka, 1973). Culek targalis which
has a strong avian preference (Reeves, 1971) clearly

showed greater egg production when fed on chicken
blood than when fed on guinea pig blood. "Woke (1937b)

demonstrated the same effect with Culex pipiens,




another avian feeder. In terms of rate of blood
digestion, A. aegypti fared poorly compared to other

species when fed human blood (0'Gower, 1955} .

)

)

Bennett (1970) postulated that bird blood cells,
~ being nucleated, are more nutritious than mapmalian .
v bhlood ¢ells, However , Dimond et al (1958) did not find

an increase in egg production when nucleic acids were

added to an artificial diet fed to adult A. aegypti.

-

Chang and Judson (197:7) have shown the amino acid
isoleucine toc have a guantitative effect on egg production
in A« aegypti. Isoleucine when added to human blood
was found to increas® the number of eggs produced ko a
number comparable to that produced by flies fed on
guinea pig blood. Therefore the difference in egg
pr;)duction may be due to different amino acid concent-
rations in various blcods.’

[ .

An alternative explanation is that the ability to
utilize the nutrients present in blood may vary wit};
the particular fly in question and’'that host preferences ’{n'
are a -mutable pHysiological .as well as behavioural

adaptation for the blood-meal that is most nutritious

2 Q g)
for a given species at a given time. The very rapid
adaptation of a blood-sucking insect to a specific

host 's blooad woxg.d then show itself as a feeding

preference. This was clearly demonstrated in mosquito

£ i it Pada L T
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-

colonies that had been accustomed to feeding on rabbits
and were subseguently switched to guinea pigs €Stahler
and Seely, 1971). High mortality persisted for several

months until the mosquito, Anopheles stephensi Liston,

gradually became adapted to g_{linea pig.blood. Afterx

! .
four months the célony had returneéd to its former

_'reproductive rate. McCray and $choof (1970) found

i

. that Culex fatigans Weidemann, fan avian feeder: was

A Y
reluctant to feed on rabbits and those that eventually

did take rabbit blood laid far fewer eggs 'than' those

‘fed')}n birds. After five generations of rabbit feeﬁV\?g,

however, the egg production/fe'male had gquadrupled to
very nearly the bird-fed level. The significance of
this is that hostdpreferences and fecundity due to a
given host's blood represent physiological as well as
behavioural and morphological adaptations to whatever

is the preferred host.

'1

<€) Physiological age of female

A reduction in the number -of eggs produced/fem?xle
with increased age has already been noted in black
£1lies (Abdelnur, 1968). 1In the pre¥ent study both

P. mixtum and 5. vittatum were found to be less Ffecund

in the second -gono\trophi}c cycle compared *to the f£irst.

This does not appear to be a difference in the quality

of nutrients supplied to the adulht, i.e. fat-body

re serves fr::m_\ larval feéding' in the autogenous cycle

4

g R LA
. . .




-49-

vs blood-feeding in the second cycle. Rather, the
phenomenon is widé—spread in biting insects including
mosquitoes (Putnam and Shannon, 1934; Detinova, 1949)

and is probably related to thé aging process (Lambremont';,

1960 and Lavoipierre, 1961). This same age-related

decrease in fecundity has been utilized to determine

the physiological age of S. damnosum in Africa (au;h&r's
~unpublished data). . Up to six gonotrophjc cycles, Eould
be distinguished based on the decreasing'numbe;’of' |
active ovarioles in-éuccessive éycies. It is bélieyed
(Calvin Lang, pers. commg) that the aecreasing facility
for protein synthesis is one of the best biochuqi?al
monitors of the aging prQcess. This would likely
manifest itself in a redu;ed abdility to synthesize the

appropriate proteins f%r ovarid%’development.

D) Larval diet and autogeny

. The size of adult §. wvittatum was found to be

directly related to the richness of the larval diet.
-This in turn greatly influenced the number of ovarioles
a female activated on emergegce. Chutter (1970) repgrtj
ed similar findings in field-collected specimens wﬁich
he related to poor putrition in certain streams.
Contrary té the‘repo;tlbf Anderson and Dicke Ii960);
Chutter (1970) also claimed that larval den;ity in
natural populations was not affected by poor nutrition

Iy

but that the adulfs’produced are small and .less fecund.

/ -
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it'self is a fixed character of a species, i.e.

' nutrients availablg to the larvae. Autogeﬁy,was, there~

In recent laboratory experiments, however, Colbo and
Porter (pers. comm.) demonstra?:eg that sustained high
larval density was criticallj{ dependent on an adequate
- 1
food supply. Poor larval nutrition not only affected )

the levels of fecundity reached by autogenous fefnéles

in the present study, but also resulted in . higher

‘larval mortality (Colbo and Porter, pers. co_mm.) . - .. .

The questioﬂ of whether autogeny’ in black flies

x

PN

genetically determineéd, oxr whether it is aneopport;

unistic response to a favourable larval environment

¥ '
has been debated (Davies, 1961; Rubtzov, 1955, 1956,

1958). A basic point in Rubtzov's argument was thdt . : ';,
the same species of black fly will produce both auto- 4,

genous and anautogenous females depending on the

g ‘

—

f<'>'re, environmentally induced and not inheritable. - -
Dawvies (196l1), however, showed that P.. fus_cum {anto-
genous in Ontazrio) and P. m‘.ixtqm (ana'utogéndu‘s in ' ' . A
Ontlario) A‘,were produced frOI.n the same streams at the
s'am)e time. Even when Jlarvae developed on the same rock,
P'.‘»fuscum was always autogenodus .(and~Pt mixtun; always

anautogenous. . o : ) /

The- present study generally supports the field

results xreported by Davies '(1961), Chﬁtte: (‘1970)’ and’
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Heckler and Ruhm (1976) in that 1larval nutrition

‘+

affects the size .of the adult produced which in tukn

influences its fegundity. In the experiments copnducted

LS

here, autogenous S. vittatum wefe\produced regardless
i i

of the dietary conditions although. . the number "of e
mature Socytes produced/female varied with the rich-}

ness of the diet, Furthermore, previous experience’ Lo

Fl)

tanthor's data)_ has -shown that autogenous S. vittatum ' .

and anautogenous S. verecundum and S. venustum retain

their autogeny or anautogeny ‘even wyhen reared together
under the same <conditions in the laboratory. Autogeny,

thén, seems to be a fixed character in S. vittatum.

i

Q

Although autogeny is a genetitally determined trait

in S. vittatum, the present data indicated that there .

-are in fact epvironmental limité to its expression.

Group 6, larvae (Table.é) produced 7/13 females which

failed to develop eg§s autogenously. In other words : .
mgre than <hé‘_lf' the f‘gmales produced under these neaz;_"
sta.rvation"'ccnditions""v,_rere ana'utoﬂggnous. This"does not;
however, suggest .tH'att]éutogegy {or lack of it) is an
enwironﬁ;ehtélly induced response but rather that . e

anautogeny under -these conditions is an extreme example

of a genotype masked by its environment.

Autogeny has been well-studied in mosquitoes.

Spielmlan ('1957_) showed that autogeny was an inheritable

L e e R bk i e R A A S
El o v . - B
. - N . - - . - [ -
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"autpgeny 1n northern Aedesuﬂ‘gp Females that cou’ljd)\n_og S

‘,:.fJ.nd a host reabsorbed a number of oocytes and used

'the larval 1ife span by lowering the temperature

‘ - < '. \‘l"‘-\: Lo
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trait through cr.o'ssee with ' anauvtogenous members of tne
Culex pipiens :complex.- Twohy and Rozeboom (1957) -

-

reported gimilar findings with the same complex’.

O'Meara and Krasnick, (19.70)' studi'ed the effec't-of lar,val

[
'

dJ.et on autogeny 1n Aedes atropalpus' These authors

h" | o T

' concluded that dietary deficlencies can maSk autogeny

na

1n thlS specxes. : CQrbet (196}1) repox‘ted a facultat:.ve

J

the . total derlved nutrlents to develop a few eggs “Xnl

a field study_,o'n:-Aedes. ‘taeniorhynchus, Q ‘Meara and
Edman (1975) s'h'owed'that “this »sp{c.ies exist,’eé" in auto-" .
qenous and anautogenous populatlons that were g'en'et,;'.'cal-fy

Yo

lsolated . Cross:.ngs experlments demonstrated tha'_bthe',f ’

polygenlc controllxng system was 1nher1t.ab1e. In the'

N i

laboratory Van den Heuvel (1963) and Sanburg and

L'ars.en (1973) showed the effect on-adult size: and auto-

geny of mosquitoes re’ared (mder varlous photoperlod

and temperature reglmes.. L.Lnley et al (lé?O) ﬁhowed

by sampllng fleid populations that: autogeny in

- Cullcoa.des fu:.:.ens (Poey) was J.h’i‘éely propmrtlcnal to

larval reazzing temperature._ Apparem;ly, 1engtheniné_; ;'-

v - Il .

allowed ‘the iarvae "to feed 10nger and thus build up

R . K o

qreater fat body reserves. Fat body nutrients were

. l,: ~5—4~ o t. ".:." . R . ..’_ .
then used to deve,lop autogenous eggs - ~‘:_ o
SN o . : - e
*' R . R
L ,/,'. - . - - ) - f H
g ‘ N <o : _. - h l‘. . ¢
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E) _Blood-feed}ng aitogenous females

Blood—feeding apparently augmented fat-body
reserves.in the éresent study. All S. vittatum females
that took blood developed far more mature oocytes than

-

did lbn-fed flies of the same size. The percentage
incigg;e in ovariole number was greater in smaller
feﬁales. ‘Egually, the actual amount of increase in
number of oocytes Wwas greétest in £he small females. S
The siggle Group 5 femal? that blood-fed }as exéept—
ional i; that its fecundity did‘not'follo; this trend.
Fér ;he fest,_however, it is apparént that the smaller
flies probably took larger blood-meals since they
demonstrated a greater increase in thé number of oocytes
after feeding than did the laréer flies. The marked
increase in fecundity of blood-fed females iﬁV;videnced N
by the following: Group 3 females, blood-fed, developed

as many oocytés as did unfed Control group femalés. iq‘

a very real sense, then, bISod;feeding during the autOf
genous §ycle fuily'compensated‘thése adults for

relatively deprived larval qohditions, ( Ssee table 3 ).
. !

{

l

Autogeny .and female behaviour
a. .
These results lead to several interesting issues by first

11 begging the question of why nutritionally deprived

autogenous black flies d&o ‘not take blood under field

cond

itions. That poor conditions exist such as to produce

-

malnoﬁzlshed_autogenous fem%lés has alréady. beeh noted (Chutter,

>

3

73 .




A\ 1970; Heckler and ﬁﬁhm, 1976) . Furthermore, the a;thﬁr is

\ unaware of any reports to the effect that autogenbus simbliia b
females in the first'gonotrophic cycle have ever been caught h \
attempting to feed. The other palf of ghe question is why. o

\\ should nulliparous autogenous females feed at all under

laboratory conditions as has _been demonstrated in the present

\

’

work .

The answer to these éuestions is that ;he physio}ogical
and hormonal changes that an autogenoué_female goes through
duringltﬁe go;otrophic cycle affect her beﬂaviour. Féilure
of these females to blood-feed in the field is likely a

result of an inhibition against host-seeking. The sane

suggestion has been made to explain the unresponsiveness to

.a host by blood-féd mosquitoes (Clements, 1963). The fact

.that in the laboratory S: vittatum females wili feed réadilf
(at lgést in.the case.of the younger females) 1is prbbably | .
due to. the more immediaég stiﬁulus of heat. Temperature - : 5bf
is known to be the mo?t important factor initiating 5

. probing (Dethier, 1954; Friend, 1965; Mellor, 1971; Sutcliffe

and McIver, 1975). 1In effect, the females had found the
.. host without the behavioural .sequence of host-seeking. To
. put the above ﬁ}ﬁtements into gcontext, howeve&, it will

-

first be necessary to revieWw what is known about the |

sl T Y

physiological and behavioural changes a female endures during

the gonotrophic cycle.,

-

Y
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During ovarian development, a number of physiologiéal
activities take place under the influence :0f neuyosecretory

and humoral agents. In mosquitoes the ingestion of a

blood-meal releases stored egg development neurqsécretory
hormone (EDNH) (Lea, 1967). 'EDNH apparently injxfgtzs

the synthesis of a vitellogenin stimulating hdrmong (VSH) 1
in the ov?ries (Hagedorn, Igfﬂk H%qedérn and Fallon, 1973).1‘. s

VSH, secreted by /the ovaries, étimuiates‘thb fat-body to - L

begin synthesizing ﬁhe'maﬁor yolk prQtein, wvitellogenin,

(Hagedorn et al, 1975) whééh is released into the hemolymph.
The ovarioles absorb the yoqk'protein by pinocytosis and

begin develogpént of the oo#ytes.

. =

One factor that affects .feeding behaviour is the rate
. ) '

‘0f digestion of a prior blood-meal. Edman and Lynn (1975)

showed that six hdurs'after ingestion of a partial blood-

°

meal, Culex nigripalpus Theo. could not be induced to re-

feed although before this time limit it would. Apparently

- o

blood-feeding. activity had been interrupted as blood
digestion and ovarian developmeﬁg began'(Edman'e; al,ﬂ;375).

Most likely, then, blood—féeding,@s also pontroiled-bgf
hormonal sequenées. : . o ) C ' E - ‘“1 -y
. : : o LT

N\

The release of hormones that initidte the sequehcé'of

events leading to ovarian maturation }s, as stated earlier;

~

: - o ’ Lo
the ingestion of blood. , In autogencus mosquitoes, however,

~

. females reieasq‘quH'shortlj'after emergence without the

! . .
~

- . N
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addition of a blood-meal (Larsen, 1958). Presuming that
the ovarian development doesﬁﬁpdeed interrupt or inhibit
blood—fgeding a§ suggested by Ed;an and Lynn (1975), then
adtogenous females of spelies which eme;ge with the oocytes i
at the resting stagd might be induced Qo feed for alshort
perioq. This period would correspond to the time lapse

after,emergénée before ovarian devel&bment had 'shut off'

blood-feeding res?onsesrg
This was clearly proved by O"Meara and Evans (1973 and ’ o

waa

1976) who showed that A. taeniorhynchus, an autogenous

LRI 257

‘mosquito that blood-feeds readily on emergence, became
increasingly reluctant to take blood as ovarian development

proceeded. This is precisely the effect observed in this

present study with S. vittatum. Females 1-2 hrs to 8 days

Py .
0ld, given the opportunity to feed, showed increasing

reluctance to blood-feed. The time required for the hormonal

Y

‘*shut off' is probably a character specific to each species
' depending on the stage of the oocytes ,on emergence and is

-

~

Smh AN B Tt L aein 7 -

moderated by such factors as temperature and humidity. Im)
the case of S. vittatum,-at }east, there is no definité ‘on' |
o oy b .

© ".. _or 'off' but a gradual decrease in‘the feeding rate from a

T s e

high,og szl<24 hrswold)”to a low~of 9% (B.éays) wizhla
f&i{iy ab?ﬁpt dec}g?ﬁe aftgr the third day. fThis;cont;ésfs
with the resuits of‘Mcyahon'(iQGB) with thé,énAuﬁ?gehoué
S.'ornatum./ ﬁhder’iab conditions this sbécie;_did not %eaéh-

o

its péék'of bitinf’activity until femalés were at iea@t five. .

] . . L. ' e st . '._."
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© days olg. This may also help to explain the consistently
negative results obtained when tryiqé to blood-feed lab-
reared P. mixtum in the present study. As stated in the
Results, P. mixtum females normally emerged with the

) . ovarioles at Stag[ III, while females caught attacking in

the field showed ithat the resting stage was Stage II.

a0 Clearly, oygrian development was begun in the pupa by the
pharate’adult in "the case of P. mixtum. Equally clear is

the fact that. in this study §S. Vittatum'femalés, ‘emerging

with Stage‘il ovariegy 'lagged' two to three days behind

R
.

P. mixtum in oocyte development. 1In S. vittatum Stage IIXI

was usually rééched on Day 4 which corresponds to the

\ . rather abrupt drop in feeding rates for this species (Table T¥$

.

\

b Host-seeking, on the other hand, %f probably not allowed
Y | & to be initiated until the first eqgg batch i;”laid. There
- are sound ecalogical reasons why this should be. so. An
'Ef autogenous female attracted t% a host is likely to be dréwn ‘
away'ffom its site of emergence and,'therefore, its likely .
3 oviposition site. As well, flight exposes it to predators,
wasteé energy that gould be usqa for egg maturation and
exposes it to ‘environmental hazards such as hot, direct
sunlight,'low humidity and high windsl Besides these dangers, -
N ‘there are the host's défensive reaétipnsAto geiﬁgabitten. PR
. . Davies (1961), in éact, found fhat:autogenous P. fuscum aiad

1 . )
not disperse more. than a few metres from its stream of

[T O T T 'v*:.:\'}&f -

emergence untillafter the fifét gonotrophic cycle.
. ‘_“.. - - ~

4
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- ”3 proteins in the hpmolymph‘dest;ned'for the ovaries wh}ch

With these considerations in mind, it is easy to see

. . ' .
that it is to the fly's 'advantage to remain near the emergence
site during oogenesis whether autogenous or as a result of

blood-feeding. Since some flight must take place for activities
-, « N @
»such as nectar feeding and searching for a resting site, the '

'

lack of hbstrseekipg is probably.a lack of response to thq
host itself. Réfher than a general 'flight arrest ', the

mechanLSm may work throuqh 1nactivat10n'of CO2 and odour ; y'“

receptors. Since young ‘female S. vittatum will bloodléeed . {

~ readily but ‘do not seek a host, it is apparent that the two .

activities are ufder separate contreols which come into effect
{

at different times.  Mattingly (1969) has already suggested,

in an entirely different context, that blood-feeding and- N

(

-
i
|
i
¢

host-seeking are not.neqessarily related. If black flies do

indeed possess a ,neuroendocrine system similar to that of

mosquitoes, then these activities may be sebarable as follows.
' L. ST : .
. . . N
Since the no¥mones that initiate ovarian maturation
in autogenous mosquitoes are secreted shortly after émergence
(Larsen, 1958), it is 'suggested, that these‘hormoneé-or the
. - ) B ) o o
: ~ effects they produce, .also. inhibit hoSt-seeking. Blood-
£-3
feeding, on the bther “hand, is dampened gradually. This ' S Ls

may be due to the delayed and gradual build-up of yolk

~tells the fly whether_she'is sated or huﬁgry.' It may also

, be due to a-build-upqu'the ENDH titre which inhibits feeding.
. .o - - . . \ :

4
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. 1

The mechanism in this case mighé be to inactivate, at least

’
o

partially, the thermoreceptors which would stimulate the
fly to probe. Autogenous §. vittatum will experience

such a protéin and hormone build-up in the'hemolymph

and might find its response to temperature gradually,

decreasing. McMahon's (1968iuénautbgenous females: would,

t

{ . . L
_canversely, f£ind the blood proteins diminishing as fat-body

. \;e§erves weref depleted and, as_well} experience a build-up
~in the juvenile hormone titre which prepa;es,the oyafies
for development folLowiﬁg the blood-meal {(Gwadz and Sp%elman, .

1973). These fémales would become 'hungrier' with time.
The increase in feqdiﬁg rates over the first nine days found f :

3

by MéMahon (L968) may be a reflection of this fact.

' N . -
|

Currently, theré(%re two attractive hypotheses to
explain'protein hunger in flies viz Phormia and.calliphorids
'which feed. on high protein content diets. Fir;t is that
: the neural mechanisms whieh‘mediate fgediﬂg-pehaviour afe & -

ature (QtranQWays- .

under hormondl control of a periodic n

Dixon, 1961). Second is that this behaviour ig influenced

N

& by protein deficits ?n the biood.or elsewhere (bethier, 1961

and Belzer, 1970). While a versdion of the first hypothesis

%s favoured in blood-sucking flies (Hagedorn, pe;s.-coﬁm})”
W . it seems that the stimulatﬁ%& effecté of low blood proteins
. L \ . . ) -

has not received an\eq%ally intensive investigation.
) ’ .A ' ‘ e . .

"Davies' (1961) observation of the fact that autogenous:

- : ’ : ' . [ Kl
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- females were not found to disperse until after the first

n

gonotrophic cycle raises an interesting point, Streams
0

“that are, from a black fly's point of view, nutritionally

poor will tend to prgduc% smaller, less fecund females

_than richer streams. These same females are far more

likely to oviposit in the strean of their emergence if
tthey do not disperse. This means that fewer eggs will be

. ’ : . . L
laid in poox 'streams than in richer streams. The system is

in fact self-regulating and does not permit an over-

. " . 1 .
exploitation of limited resources or a wasteful overproduction

of larvae. In richer streams, -on the other hand, the
larger females would leave a greater number of progeny

wﬁiqh would dllow the species the opportunity to expand

¢

with the food supply. . . .

¢

V Faators affecting .feeding rate,

I

a) Size of fly

As figure 5 illustrates, size had a great deal to do
/ with the observed feeding rate. The reasons for this

differential in feeding rates aré,hot immediately obvious.

L

In the case of the smaller'flies, larval diet may have [

agéin had"an effect. Groups 5 anq 6 females, for examplL,

were. obdexved to Be.unsteédy when moving around in the

vials,‘consfantly lésihgutheir grip on the sides. Their

level® of activity also seemed much reduced compared to

other better-fed flies, They may in fact have been
. e '

physicaliy'indapable of pierging'the membrane in terms.

ofwénergy requirements; musculature and armaments..

e
- .
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Females reared under conditions identical to Group 6
females (which were the most deprived as larvae) had
Eignifipantly fewer maxillary teeth, than better-fed
’females (Porter, pers, comm.). This same Argument

maybhold true for middle- vs large-size flies except

o .
that femalgs in the middle range appeared to be in

ev respect 'nijra&”j At the present time there
’ . - i
is no. ready explamation as to why the lafger flies
fed, more avidly than the average-size females.
» ' ] N .

B) Source of blood and host prgfere?ces

' .
L

Table 8 shows that, although lab-reared S. vittatum

&;/~ Lo and field—cbllected P, mixtum generally fed well (63%

) and 65% overal1, respectively), both species showed
preferences for cextain host bloods. As might be .
’ ‘j (expecteé, human, horse an@ cow blo;ds were all well-

p ' ac:épted by P. mixtum. These three are all naturally
EN dttacked by ﬁhisuspecies in the field. It was

v e ‘ g “surprising, then, to see gpat dugk blood proved to be
" so attradsive go P. mixtum (59%, 29/49). fhis'speciea - N

*
is thought to be strictly mammalophilic (Davies et al,
.

1%62) . Goose blood was not very attractive to either

P. mixtum (14%, 3/21) or S. vittatum (18%, 2/11). /
@nother surprising result was the attractiveness of

. B pig blood. P. mixtum fed well on pig blood (63%, 15/24)

while S: vittatum fed in even higher rates 282%, 37/45).

. Pigs were used a number of times as bait animals in the

~
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field (author's data) and were always found free from
black flies. Meanwhile, other nearby farm animals

were being attacked by these same species. Simplium
arcticum, a fiercely biting fly in Western Canada,

was rarely found to bite pigs even when fly populations
were extremely high (Rempel and Arnason, 1547). ' Downe
and {Morrison (1957)J ;siné a serological test, analysed
the blood found ih tﬁ? guts of black flies resting in

a barn. They found that the’@ast majority of blood—“

meals were from horse and cow, with less than 1% from pig.

1
Another result inconsistent with field observations
is the strong preference shown for human blood by

S. vittatum. This species is not usually considered

a biting pest of man but is often attracted to him in

large numbers (Stone and Jamnback, 1955; Davies et al,
1962; author's data). Bites, however, are rare. A

similar situation was observed by Peterson (1959) with

several other species.’ ™

The above discrepancies suggést, as already put

forward by Mattingly. (1969), that host-seeking and
blood-feeding are distinct and separate activities.
The same author cites the example of zoophilic members

of the Anopheles gambiae complex being attracted to,

but not biting, man. As well, Culex pipiens'fatiganSf

in spite of close associations.with man, feeus;extensively

on bixds, including Eoyl,fevén in urban areas. Yet,

-
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even C. pipiens has been found to feed more by host
abundance than by any real specificity (Edman and

Downe, 1964).

]

\ /

/ .
The real difference, then, between these membrane

feeding results and the feeding preferences' established
in the fjeld is that here the acceptability of the
host's blood is being Measured,while.in the field the
attractiveness of the host itself is also considered.
This is the danger of starting‘ih the middle of a long

Q
sequence of reflexes (Hocking, 1971).

Carbon dioxide and host odour were ;§;:n to be
flight stimulants for black flies (Golini and Davies,
1970: Bradbury and Bennett, 1974). Females are

thought to be activated by CO, to fly upwind and trace

2

the CO2 and odour plume to its source. " Once within

visual range of the host, other close.range visual

and chemical cues probably come into effect. These cues
will either discourage further investigatiﬁh or lead '
to landing. On’the host's skin the fly, eéuipped with .
tarsal chemo- and olfactorx receptors (Sutcliffe agd
McIver, 1975), may begin probing and. subsequently
take a blood*méala Dethier (1957) has suggested that
such a step-wise sequence of'stimulus-rgsponse events

. \

was a requisite for feeding in gome flies.

li

-
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B

In the lab the long-range chemical cues such as

odour and CO_, do not elicjt host-seeking behaviour.

2

a

Perhaps becguse of the enclosed spacé or the fact
that the females are unmated, the female's acfivity
is to tr? to escape to the light. When placed in
\ .. - close proximity to the warm membraneés, flowever, it
' . is unhec€ssé;y f;r the females to go:through the
entire'sequence of &vents that ¢culminate in a blood~
" meal. The host, im effect, is found and more immediate
ploée—rénge cuesﬂassume greatey importance. Under

labordtery conditions temperature has repeatedly been

shown to be'perhaps the single most important stimulus
w» 3 -

to elicit probing activity in hematophagous insects
1

(Dethier, i954; Christophers, 1960; Langley, 1972;

- ' ‘Davis and Sokdlove, 1975; Sutcliffe and MclIver, 1975;

- Friend.and Smjth, 1977). Once probing has been

-~

initiated, other factors that stimulate gorging, such
as ATP and ADP, come into effect (Hosoi, 1958, 1959;
-
A ‘} Ky
Lall, 1969; Smitﬁ\;nd Friend, 1976).

M !

The .present results indicated that fagqtors

. specific to, the host's blood.also have an effect. For

example, bnly,lO% {(11/110) of P. mixtum fed on dog

blood whereas 71% (838/1187) of P. mixtum fed on all

’

T : other bloods. Dog blood was obviously rejected by

’ P. mixtum but less strongly by S. vittatum, 44% (B8/18,

field~cclletted and.;ab-reared)wvs 63% (345/546,.

wooy

Y. B

hdi.

P
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overall feeding, S. vittatum). The high feeding rate

for both §. vittatum and P. mixtum on pig blood then,

.bs a response to favourable blood factors while their
non-biting of pigs is a ( perhaps understandably!] )
negative response to the pig's odour plumg.

There exiéts a'sharp difference in préf?repces
'betyeen orﬂithophilic and mammalgphilic blaéw flies
(Fallis, 1965; Bennett,‘iEGO). Reshlgs of- the pregent

study regarding responses-tg avian blood are not
sufficieh£ to lead to definite conclusions. In one
series of trials, P. mixtum fed well on duck blood

\ LT
(59%, 29/49) but less well on goose .(14%, 3/21). Other
flies exposed tp avian bloods were S. vittatum (chicken,
18%, 2/11), S. venustum (cﬁicken,O/ls) and “the bird-

feeder, Cnephia ornithophilia (chicken, 1/22). 1In the

example of P. mixtum feeding well on duck blood, this

seems to be another exampie;of flie#_choosing a.bloodf

meal in the absence of externalAfactors which woulad o 5,
ofdinﬁr;ly inhibit blodd-feeding on a particular host -

in éhe“fieldi Howéver, Yang 5nd.DaViés (196&) found

S. vendstum, another mammglophilic species, far more

receptive to human blogod than to duck or chicken bloods.

unézr lab conditions. S.“venustum,‘fed on'aviaﬂ blood, .

also produced a thinner peritrophic mémbrane”than did . S

ornithophilic simuliids (Yang and Davies, 1977).

ERT L I

cﬁg@é@aa%&;?:f;‘
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. feeders arelrélatively scerce but that'black,flye o R L@P

_transmxtted av1an malarlas are very common "in lo%f

€ Light-, .. - . »

.under field conditlons there are morning and afternoon

—66_
- B
Although heat and CO, obviously play an important® f
] 0 -

part in eliciting biting behaviour, host odour is also

important (Thompson, %976b). Ornithophilic black flies

are particularly.specﬁiic (Bennett and Coombs, 1975}“ o ‘ﬂ
@ . . ' B

Bennett et al, 1972- Davies'et al, 1962). Black fries " '
Ca Lo s

have shown some, refinements in terms of avian adap&— : IR Y

a

ations, not only in the’ classic 1 l spec1ficity of

S. euryadminiculum to. the common loonuﬂLowther and

:

. {

WOOd 1964), but also 1n adapting their bltlng activ1ty }
to coxncide thh the resting periods of their av1an . :.:7‘='.f§j
o : SR

hos§‘ (Bennett, 1960) . It was well -argued by Bennett :

and'coombs (l975)3thatr sinqe,in Newfoundland‘avian

.

T

birds, ornithbphllic black flies must be highly speciflc. "..1, =

Thls specificity would ensute that the host/vecbbrvgﬁn‘-

‘,contact remalned “high enough for 51mulilds to transmnt P PP

a parasite efflciently ' e

- . ¢ .

Black fly biting cycles have not- been extensively

studied but such reports as are available suggest that

- "3

peaks w1th a ﬂ&dday depre551on (Davies, 19523 LeWis, 1950,

WOlfe and Peterson, 1960- Alverson*anﬂ"uobletw

AR

Wenk and quryl unpublishedl.:-Whether the midday

[ - v

;i :
depresslon 15 caused by elevated temperaturesr_reduce&*

humidity, inc;eased gola;-radlation.or reflects;ang"\
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&

RS

endogenous rh;thm of gctivi@y that is indgpqndent'of
“ v ‘mqéeorological factors,is presently unknown.
KN

The series of trials desighed'to clarify some of

these poiﬂts was, unfortugately, llmlted.V“Table 9 . _ -

clearly ‘shows the depressant effect on blood feedlng

of prolonged light’Storage of field—dollected P. mixtum.

A similar effect was noted by McMaLon=(l968) who found

that exposure to continuous light dec;eaagd thé feed;ng

rate of S. ormatum in the laboratory. This was coni

firmed by wirtz (1976) who fed Boophthora erytﬁrocephala

on the ear of a rabbit. Wolfe and Peterson (1960) and

B

. . Wenk (1965) suggested'that changes in light intensity
rather than the intensity itself stimulated'feedihg
activity. Tarshis. (1972) found that blood-féeding by

ornithophilic simuliids was increased under laboratory
.o AN - : .
conditions by covering the. flies to keep them inﬁh .
oo S : . o \.

darkness. As with P. mixtum in the .Present study,

9

N freshly—caught 5. damnosum: females were shown to feed
o S

f&t hlgher rates than did stored females (Raybould ahd

Yagunga, 1969) . Certalnly llght or, more spec;flcally,
changes in light intensity are known tp affect oviposition
behay;oup in simuliids (Colbo, 1974; Huntér; 1977b; .-

°

Simmons ind’Edman( 1978) -

- e T SR

There hay-éléb;hhﬁe;béeh aldisériznféﬁiph»effécﬁﬁ’,J

.involyved in these present trials,as the flies used




.observed 1n the field Agaln, perhaps the change in )

SR P S e T

~68-

P ?
were captured at midday and at that time put in the

experimental 24 hour light regimes. Experiments with

mosquitoes have shown that 48 /hours are required, to

readjust to radically different light regimes'(Jones \

et al, 1972} while at least 72 hours are required for

tsetse flies (Brady and Crump, 1978). ‘

| \ _

"In order to avoid the problem of re-orientation \ :

to a new light regime, trials were conducted with

S. vittatum which were reared from eggs in 12 hr e

e e

light/12 hr dark (Table 10). It was hoped that by

keeping the emerged females in constant temperature, y

humidity and light. intensity during the 12 hr day, . . pf

i’
N
2]
g

that the only factor that would- affect the feeding"
rate would be an intrinsic rhythm., From-the limited

data the apparent trend was that the feeding rate

" was highest (89.6%) just after *lights on'. The rate

declined to about 82& throﬁéhoutlthe next threg 2-hour

AN LY

trialﬁ. The drop cont1nued to 47.6% just before S
R

'llghts out' ThlS may be the same effect that was fﬁ

a

seen wlth the P. mixtum stored in contlnuous 1ight‘

TR LR
K

as_shoﬁn on ?able.Q- On the other hand, the data W':

are Eimilar in their trend toward décbeasing levels

.of bitlng in early afternoon as has often been

observed 1n the fxeld. Mlssing, slgnlflcantly,f

. EN . .-
'\

from these laboratory data is %Fe second arm which :.A

forms the .;-shaped trough of biting activ1ty as

.
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co- . ' . * ] —‘-\
light intensity with approaching dusk stimulates the

second peak in biting which was not duplicated in these
\ “
experiments. N

.

«

Ultimately, the daba do not prove one way or the
: . : . Yoo, o .
other whether an intrinsic biting cycle exists in black

flies similar to that known to ocgcur in mosquitoes and
tsetse flyﬂk. The results were, at least, encouraging

in that t%ey show black flies to have a definite feeding |
.\ | .

response to both light and exposure time. The fact of

the biting peak just after 'lights on' suggests gawn

O .

as a natural trigger. On the other hand, 1ight'ﬁay
only act as a ’'conditioner' to allow simuliids to react

positively to other stimuli 'su¢h as CO_ and odour and

2

thus begin appetitive flight and host-seeking. (Clearly’

or
this is an area requiring further work.
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Summary

RS

-, 1) Survival.of female S. vittatum in the /laboratory was .
enhanced (85%) when a lesser'number of males was

present than in vials with\females alone (67%).. when
' N X

males outnumbered females, howeyer, female survival ' i
aN

was greatly reduced (46%). It is thought that when
males were too numerous they contributed to stress-—

related mortality bECauEe of their greater activity.
2 . :
No explanation was found for the result that the i

presence of a lesser number of males increased female

¢

. survival rates Qver the.eight day period of stérage.

2) P. mixtum femalee emerged with\the o@aries at late ’

-~

Stage II or Stage JII. S. vittatum females,'althoogh
more.mariable'than P. mixtum, usually had early or

'“..' ' L ‘ w ‘ € . "

middle Stage II ovaries on emergence. Both P. mixtum

and S. vittatum were foun@*to reqnireyeeven‘to eight .
- : a Sy

o v days after emergence at ZOQC to developwtheir ovaries-:

v

v

JUS SRR IRPRPY N TR ki

f C
autogenoﬁsly. ~ The developing oocytes passed through

. . r#_ T well defined stages whlch are described according to e .

\ I L 2
“the system ‘and terminology eatabllshed for mosquitoes.;

N _»"_h i);{Sucrose was shown to affect the number of oocytes an" ff'J
. ‘ . Lo S ¢ . - .
: . -

Tmauhpgenous female couid develop autogenously. Females AR . -
“u - |\" L

C . ,;:Pof ‘8. V1ttatum matured signiflcantly fewer oocytes when )

.. - .

4g1ven only dlstulled wa@er compared to sucrose fed

¢ . B N

;jf" ' _‘; o females. The energy requlrements of females, even

'3:.5-:':under laboratory conditions,:tére{ thought to be mq;.

L

‘by theTfemale -8 fat body reserves and thus diminlshed
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R the amount of nutzlents available for ovarian maturation
i . ' \ in water-fed flies.

b 4) The 'source of blood'takeu Sy P. mixtum was found to affect
I y ’ .
N . . a 4
- the fecundity of the females. Significantly moxre mature

-

oocytes Were developed by flles fed on human bload than

on elther duck or goose bloods. It was argued that host ©

Ppreferences are physiological as well as behavioural

Sf . adaptations to a host. Field studies observe the behavioural

’

’ aspect which manifests itself as host-seeking for a limited

sefectionlof hosts. The blood-feeding experiments . in the

" . 9 ' ] . .
’@ j present WOr¥ and those reviewed from elsewhere suggested
r- . : [} .

that differential?egg productloh based on different.hcst.

bloods was the result of physiological adaptations. The -

‘feeding rate-(‘% ¢¢ fed) on different host blood.s was

also affected which supports the idea:of physiological. .-
. : . ° SN o

adaptations. In some cases the resﬁonses of females

4

: { . . . i . \
to a 'particular bl0od were at variance with what is
Sy, . " . . P . -. -

known aboudt edipé'préfetences-iufthe field. A

RSy

~ 'discussion of host—seeking'as'the factor left out,in
. #* . - D .
B ' S . laboratory fa@ding trlals was thought to explaln much

oﬁ this- 1nconslstency. !

i
3? o %) (The pu>piological'age.of female P. mixtum-and S.lvittatum
¥ : - RO o

o g - PN R
s - S affected- the nudber of mature oocytes produced .Females' -

;g T R o "~ in ‘the, second gonotrophlc cycle matured fewer oocytes ' N -
a.;':"” - ;l ‘-_than dia. females in’ the flrst dycle. It,was concluded

r
.

that the aglng process made éeﬁales less able to
- \ . H . . " 8 .3 -"'. . . .~ - ) .
Tsynthe51ze the approprlate yolk protelns fcr oogenesls. ' '
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6) Larval nutritidn was shown to affect directly the size ¥
and feé:undity of adult S. vittatunm. Poc;rly—fed larvae ‘l
produced smalle‘r,. less fecund females than did larvae v

< fed on riéher diets. It yaa‘also sh'own that femalés

that blood-fed in the fixrst gonotrophic (autoi;e'néus)
cycle greatly increased the numbex& of mature oocytes
that they developed. The blood-meal apparently
compensates. females for nutrients iacking in their
larval diet. ‘

7) Larger females fed in higher rates than did smaller
females. Some factors which might explain .this difference
in feeding rates are discuésed but no c’oncl-usive-

‘ explanation was found.

-

.

8) The calendar age of §. vittatum  females during the first
— ' ! r ' )
gonotrophic cycle was found to influence the feeding rate.

Females were less lJ.kely to feed as the autogenous ,
% v Xy

matuyration of the ovari 3 neared complet:.on. It is -

proposed that' either he buxld up\ln the hemolymph of

¢ .
yolk proteins bound qfor t he ovar'ies or' e]zbating ‘tir,_res . )
- of certain-hormones signalled a 'satiated

~ -
. i

in the fém‘a,le. This phys.iologi!ca; condition made .

condition

. 1

LEpthateg e a4 g

fet'nale-s,n léss resypons'ive 'to}’ the opportunity -to take a
. blood—meal o Lo .4-‘1,1., . .
. . ® . - o T
Lx ' a 9) Pro;lohged storage in the llght greatly contr:Lbuted to

a decrease in the feeding rates of f1eld<collected

K

. ‘P.- mixtum'. F;L:.es stored :Ln 12 hr/12 hr light/dark 6’ i-" B

24 hrs dark showed J.mproved rates of blood feeding
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[N

D A similar effect of decDreasing willingness to feed was

o

noted in lab-reared S§S. vittatum. These females, giyen

'

/s the opportunity to feed at various times during a 12 hr, -
- €

photophase, fed readily at 'lights on' buk , were .
) : , : ® ,

increasingly reluctant after eight hours o_f' exposure to

light. The .effects of light on biting rhythmé of black -
c ’ ' ’ A [ RN “ .

flies and other blood-sucking fl‘i.es, are discussed.

s £l

- ]
M ’
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