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Abstract

Sulbilethal viral (afections can cause changes i the budy siee and demography o insectvectors, wilh
unportant consequences for population dynamics and the probability that il ivadual mesguities
will transmit disease, This study examined the effects of covert (sublethal] infecton by fnversebrare
iridescent virus 6 (1IV-6) on the demography of female Aedes acgypti and the relationship between key
life history parameters in covertly infected female insects compared with healthy (control) insects o
non-infected musquitoes that had survived exposure to virus inoculum without becoming inlected
Of the female mosquitoes that emerged following exposure to virus inoculum and were offered bloodd
menls, 29% (43/150) proved positive for covert [IV-6 inlecrion. The net reproductive rile L)
of covertly infected females was 30% lower for infected females compared to contral mosyuitoes,
whereas non-infected exposed females had an b, approximately 15% lower than that of contruls,
Reproduction coused a significant decrease of about 13 days in mosquito longevily codnpnred 1o
females that did not reproduce (P < 0.001), Infected females lived 3-8 days less than non-ntected
expased females or controls, respectively (F = 0.028). Infected females and non-infected exposed
females both had significantly shorter wings than control insects (P< OO0 L), Thers was a sigmbheant
positive correlation between wing length and longevity in covertly infected female masquitoes bur
not in control or non-infected exposed mosquitoes: Longer lived females produced more eggs i all
treatments. There were no significant correlations between body size and fecundity or the produgion
of offspring, There was also no carrelation between fecundity and fertility, suggsting that sperin
inactivation w=s & more likely cause of decreased fertility in older mosuitoes than sperm depetinn.
We conclude that covert infection by iridescent virus is likely to reduce the vectorial capacity wf this
mOsquito.

Introduction

fecundity, fertility, development rate, and tongevaty { Booty
& Norman, 2000; Myers et ol., 2000} which are belisved to
exert an important influence on host population dynanmics
(Anceson & May, [981; Sair ev al., 19594; Myers & Kukan,

Studies on entomopathogens have mainly focussed on
pathogen-induced insect mertality and their potential for
use a5 biotogical insecticides, However, non-fethal chronic
wlections by insect viruses have been demonstrated 1o
influence key demographic parameters including host
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1995; Cory etal, 1997) The majority of these studie
have been performed with Lepidoptera inoculated with
baculoviruses and cypoviruses (Rothman & Myers, 15961,
However, caution is required when interpreting sublethal
cffects of insect pathogens, as many studies of this kind
have assumed that the survivors ol inocuham chalicege
are sublethally infected but fail o demonstrate the pre
sepce of an infection {Rothman 8 Myvers L5996
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lveertebrate itidescent viruses (| 1Vs) of the genus Irido-
vines |Iridoviridae) are icosahedral particles of ~120 nm
dizmeter with u large dsDNA genome, TIVs mainly infect
soil-dwelling and aquaric msects and have been solated
From viriows insect orders including Diptera, Coleoptera,
Ephemeropters, and Lepidopters, and also from terrestrial
sopods (Crustaces) (Williams et al., 2000). The mechan-
ism of transmission of these viruses is poorly understood;
Vs are highly infective by injection but of low infectivity
ferar. These viruses cause twe 1ypes of infection, Patent
I lections are obivious 1o the naked eyt the insect develops
anastense apalescent blue or lavender hue due 1o the forma-
tioin ol paracrystalline arrays of virus particles in the
eytaplasm of host cells, Patent infections are fatal, and the
Hiseet almost invariably dies in the larval of pupal stage,
Covert infections, on the other hand, are not obvious and
the infected host develops 10 the adult stage and may
reprisduce, For most 11Vs, covert infections can be detected
b ain insect bioassay inw Iving injection of semi-purified
Itsect homogenates into Galleria mellosells (L) {lepidoptera:
Pyralidue), a highly susceplible host which develops a
patent infection 612 days post-inoculation |if virus was
presemt i the dinjected Inoculum (Constantine et al.,
2001: Molecular techniques, including polymerase chain
reaction [PCR) and DNA-DNA hybridization, have also
been used 1o detect covert 11V infections in blackflies and
bepidapteran Jarvae {Ward & Kalmakofy, 1991; Williams,
1993, 1995). The underlying causes for such variation in
vieus virulence re poarly understood, although it is
believed that chronic infections represent a mechanism for
pathogen persistence when opportunities’ for horizontal
transmission are limited, whereas scute virulens infections
e [avoured when opportunities exist for immediate
horizontal transmission 16 susceptible hosts (Swinton
etal,, 20023,

Sublethal infection by Invertebrate iridescent virns 6
caused a significant reduction in adult longevity and
body size (wing length) of Aedes aggypr (L) compared to
cither controls or insects that had been exposed 1o virus
noculum but had not become infected [Maring ef al,,
1999}, Numerical differences in fecundity and progeny
production were also observed herween covertly infected
and contral or non-infected exposed muosquitoes, but an
srease in variability associated with covert infection
prevented o formal statisticsl analysis (Marina et al, 1999),

Pathogen-induced reduction of aduly longevity is
pitrticularly relevant in the study of vectars of disease, as
lifespan can be highly influential an the vectorial capacity
of the female insect (Goddard, 2000). Similarly, para-
meters such as body <ize affect the duration of the gono:
trsphic cycle in A, qegyptr and hence the mrerval between
feeding bouts during which vector-borne diseases may be

transmitted (Briegel, 1990), The presen study was ther
fore designed to examine the effect of covert LIV indectian
on the demography of female A aegypiiand the relation-
ship between key life history parameters such as feeandiry,
fertility, ane bongevity and their interaction with by sise
i healthy and covertly infected female insects.

Materials and methods

Insects and virus

Eggs of A aegypri were obtained from g laboratory colony
maintained in the Centro de Tvestigacian de Paludisti,
Tapachula, Chiapas, Mexico, Mosquitoes wsed 0 b
experiments described below were reared st Hltese
dechlorinated tap water, Third instar 6 sl were
abtained from a laboratory colany held in F) Codegio de L
Frontera sor (ECOSUR), Tapachul, Chinpas, Mexicn Al
procedures involving insects were pecformed i biboragory
ardex | C75-85% eh, and o L1202 phutperion.

Invertabrate iridescent virus @

(HV-6) was praduced by injection (nto third mskar
Goomellonella as deseribed previously [ Constantine e al,,
2001). Patently infected larvae were harvested ai eight davs
post-injection and were stored at -20 °C il reuired,
Virus was extracted and purified by trituration of i fected
G. mellonella larvae in sterile distilled water followed Ly
centrifugation at 490 g, 960 g, and 1250 goeach tor 10 min
to remove insect debris, followed by 15 300 g for 10 min o
pellet virus. The peller was resuspended [n 300 1L water,
liyered onto 30% sucrose, and subjected 1o 15 300 ¢
for 30 min. The resulting pellet wis washed once il
resuspended 1 | mL sterile distitled water. The prrified
suspension was quantified by direct counting ol a mikture
ol virus and polystyrenc beads 460 nm dinimeter tAldrich
Chemical Co., MO, USA) using a sianning  electron
microscope (Constantino et al,, 2001 ).

Inoculation and raaring of mosquitoes

Groups of 200 third instar A, degrpt were placed in
suspension of 4.4 % 10" parnicles/mlL of [[V-g, Powdered
sand (100 mg) wasadded to the SUSPeri=ian t incredse the
prevalence of infection. The sus penision was gently agitated
by air from an agua: ium pump. After 6 h exposure lapeae
were washed by carefully passing each larva through a
series of five volumes of 1 | of dechlorimated tap water lo
eliminate residual inoculum. Larvae were pliced in rearing
traysand provided with 1 powdered vedstand sove mixir
on a daily basis, Larvae were checked twice ddaily o
evidence of patent infection, which involved an DOV
change of colour to an iridescent blue, Patently mtecied
larvae were removed from the experimental geea i



held until déath 1o aveid any risk of contamination of
ather treatments. The process was repeated for control
mossuiiees nel exposed o virus inoculum,

Frlluwing pugation, pupae were transferred to indi-
vidual 250 ml plastic cups comaining 50 ml dechlorinated
waler. Following adult emergence 50 male and female pairs
were, selected from cach treatment at random and cach
placed 1 406 ml plastic cups witha fine nylon ganze lid
andd sapplied ad hivnen with 104 sugar solution, After a
48 b mating periend the male mosquinees were remaoved
and tramsferred 1o plastic cups, held o groups of aght
idividuilscuy and supplied with 10% sugar solution and
chiceked danly until death. Approximately 40 ml water and
Jwooden spatulo oviposition substrate were placed in the
cups conlanmg individual female mosquitoes. Females
wiere ffered 0 hwman blood meal an four-day intervals,
The number of epgs lad each day was noted for cach
temale wntil death. The pumber of larvae thar emerged
From each bateh of eggs was also recorded. Females that
were ot selecled for mating were held in groups of 6-8
inelividualsfoup, offered 10%0 sugar solution and checked
dlivily dor morrality,

Aner denth, the wing lenpth of epch mated and blood-
fed female mosguito was mensared from the axial incision
torthe auster margin of the 11 vein {Xoe & Ali, 1994, The
fimibrinl-scales were not incloded in this measurement and
thie wing wis selected from the left or right side of the body
al tandom, The abdomen of each female was then removed
and liomogenized in 500 pl of antibiotic solution (0.08%:
aueeomycinl. Insect debris was removed by centrifugation
at 19% g for 5 min Yolumes of 8.4 pl of the remaining
stspension wereinjected inte 10 third-instar G, mellanella,
which swere placed In 30 ml plastic pots containing semi-
svnthetic diel and held at 25 °C. The presence of pateni TV
infections i these larvze 12-14 days post-mjection was
used as an indicator of covert miection of the mosguito,
Thie results of the msect bioossay were used 1o classify
mesguitoes ingo three groups: (1) covently infected females
il nea-ifected females that had survived exposure 1o
virus inoculum, and (i) control females that had not been
exposed to virus, The experiment was performed three
timies,

Statlstical analysls

The lifetime and daily fecundity, wing length, longevity
and proportion of infertile eges were subjected to analysis
of wariance followced by Tukey test for mean separation.
Where necessary, logdx), Wix)and arcsine transformations
were applied to normalize the distribunon of data. The
regression of the proportion of infertile eggs over tume
wits pertormed by repeated mensures ANOVA in the
SAS progrim (SAS Tnstitute, 19925, Correlations between
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untransformed variables were investigated sing Spearnian’s
non-parametric coefficient of rank correlation (Sokal &
Hohlf, 1981 ). Net reproductive rate (R} was calculated is
the mean nomber of female offspring per female, as
described by Rothman & Myers (1996, Demographs
analysis was applied to calculate female musguita it
expectancy at emergence (e, mortality (e |, mean age
net fecundity (ExL M ELM L and net maternity (L8,
using life tables for all lemale mosquitoes thit were
provided with blood meals (Carey, 1993 Carey & Licdo,
19997, With the exception of net maternity, the same
parameters were also caleulied for the non-reproduciive
females fed with sugar solution alone. Only lile expectancy
at emergence and death rate were caleulated for the male
mosquitors. Mosquito survival was also subjecred 10
Weiboll analysis wsing the GLIM stutsstical - progean
Numerical Algorithems Group, (993 as desceibiod Dy
Crawley (1993,

Results

Prevalence of patent and covert Infoctions

OF a total of 600 mosquitpes exposed to V-6 inocalum,
only six larvae [1%) developed o patentanfection; All
of these larvae died prior o pupation. OF the lenade
mosquitoes that were offered blood meals, 43 [ 29%)
proved positive for covert V-6 infecnon in the pos:
mortem bioassay. These insects: were considered s o
separate group in all of the following anabyses.

Costs of cavert Infection an masquite repreduction

Asmmall proportion (3-7%) of hlood fed mesquitoe: Gnled
to lay eggs, but this did not differ according we teeatnien
(7= L13,df = 2, P =0.5), Covertly infected maosquitoe
laid approximately 40% fewer eggs than concrols ar
non-infected mosgquitoes that bad been exposed 1o virus
inoculum (Fi, =879, P < G001) (Table 1) The rate of
eeg laying was also reduced by about two-thirds incovertly
infected females compared to control and non-iniected
exposed females (Foy, = 6:01 P = 3.003), Overall, the mean
proportion of infertile eggs did nor differ berween treat-
ments [F ., = 0984, P = 0.373) but increased signifcantly
during the lifetime of female mosquitoes, possibly due 1o
depletion or death of viable sperm (F, ; = 10:3, P < 0,001

repeat measures ANOVA for the period 9-43 days post
emergence during which maosquito reproduction  wa
observed in all treatmients) (Figure |,

Net maternity of covertly intected fernales, defined s
the sum of average daily production of offspring by femiles
of age x multiplied by the fraction of individuals thi
survived to age x, was approximately-hall thar ebserved in
control and non-mfected exposed wsguiteess (Table 23
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Table 1 Mean [+ SE) values of lifetime fecundity, longevity, wing length, rate ol egg lying and percentage infertility of egys far covertly
infected female Aedes Aegyph comprred to untreated controds and non-infected insects that bad been exposed to virus moculum i the

Lirval stagy

Treatmenits

Caontro| Exposed [non-infected) Covert imlectivn
Yarialles il Mean n Mean n Wlean
Fecundity {toal egesffemale) 121 PEIEENER Y 102 5015 A0 Ly Ed 128"
Lomngeeity (eluys ) 125 By 107 AL L2 43 ek
Wing length (nvm 107 294 2 0L001* 91 2H6 £ 0.00]" il 287 4 npog"
Wi il e rraduetion Tepmsfemaledday) 1M bd L0 162 AR A b=t
Herniliny ol epgts (0 11 ih0x | B o2 et | AN B4k

*Fecundity, lonpeviny, and rare af s laytng were subjected 1o ¥{x) tansformation prioe o analysis, Wing lengti dats were lig Gy
teansfarmed and petcentage infertily dats were arcsine transformed prior 1o analysis, Figures followed by thie saime lettoe are nal
SR Elerent or comparisans of gach variable between columne { ANDVA, Tutkey I" < 0.04)

Phe peak i daily net maternity was observed between 12
Wi 15 iy post-emergence in all treatsments, afthough
the pattern of net maternity in covertly infected misquitoes
was lower, dechined more ra pudly and ceased between
Hand 20 days before reproduction ceased in non-infected
exposed and control mosquitoes, respectively {Figure 2),
Mean age net fecundity, representing the age at which
the average fomale has oviposited 50% of her CRES, Wik
Fadays for covertly nfected mosquitoes compared 10
=L and 20.2 days for control and non-infected exposed
muosijiitoes, respectively, This reflects the reduced longevity
ol covertly infected mosquitoes ( discussed below),

Onwerall, the net seproductive rare (R of covertly
infected females was 50% lower for covertly infected
females compared to control mosquitoes. Non-infecied
exposed females had an R, apprroximately 5% lower than
that of controls { Table 2).

Adult lengevity and body size

Reproduction caused a significant decrease in HUTRTHIHT
longevity. Control mosquitoes that were féd Blood seals
lived an average (£SE) of 35.1 £ 1.3 days compared to
48.1 & L1 for non-reproductive control females that were
fed on sugar solution (F, ,, = 26.3, P < 0.001). This eflect

80 - Exposed
¥ =53 44y — 17.84
a0 nr.uaz\ o84 __’-
: . . b W
w70 4 -
&
= GO 4
=
£ 501 B
£z
£ 404 e e Figure 1 Lincar regression of percentape
& = i egg infertility against log adult mosquite
*g 40 ) e age [diys | for conteol femiles {dot-dash
% o \ s Control liese ), mon - tfeeted exposed females {dotted
i:II'-‘I_-'F 20 5 Contrp! linel and covertly infected femles {solid
¥=57T1x - 2967 4 Exposed line). D pocled far four-day inerils
104 A= 066 e Infected representing the avipositional cycles
' resulting fram Mood menls, from adull
o o emnergence until 61 days post-emergdice
: ! ; p Statistical procedures were perfarmed by
075 1.00 125 1.50 1.75 2.00 repeat mcasures analysis of i sublset of Hesé
Log {days) dinta [9-45 dhays posteemengence),



Table 2 Met fecundity, mean age of
reproduction, lile éxpectancy, and
shstantaneous risk of death OWelsull
heard Tunctian) for covertly infected

fennale Avdes aegppet compared o
untreated controls and non-inlected
ity thag had Been exposed 10 virus
e v i the larval stage
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Treatments
Fapuosed vt
Parameters Contral b e ) et
Wet matermity (LM, ) 118.5 2234 31
Mean age net fecundity I8 0.2 17wl
(Lxl MM

Met reproductive rute (K} 6 284 il
Life expectancy at cclosion {e) 5.6 LR J4.5
Hazard function (o, Weibull} 002474 {1 26TR RTRE N

wits particulurly clear when considering the death rate
which peaked ot 30 days for Blood fed females and 50 days
for suggar fed femides (Figure 3A ) Comparing the longevity
af lalopod fed females from different rreatments, covertly
infected Temales lived on average 5-8 days less than
non-intected exposed females or controls, respectively
= 362, P=0.028), Again, graphical representation
of the death rate clearly shows how the death rate peaked
hagher and earlier for covertly infected females compared
1w those from other trearments (Figure 3B). The last
covertly anfected seproductive female died 15 days before
the last reproductive exposed female and 35 days before
the last reproductive control female (Figure 3B). The
hagard function, representing the instantancous risk of
death calculased for each trentment by Weibull analysis,
wits accordingly greater for covertly infected females than
for contrel and non-infected expozed females (37 = 17.8,
dil, = 20 P < 0001 [ Table 2}

Miade lonjevity was greater than that of female mosquitoes
but did not differ significantly between virus exposed

40 -
55
:m =
=
= 25 -
(=
]
o 20 4
E
@ il
= 15
Figure 2 ™ot minternity index (1 W)
forcanteol, non-miected exposed, and 10 1
woverty mlecied biood led mosquitoees
showing reduced magniude and 5 1
startened duration of reproduction in 0

muales and control males (F 0 = 098 P = 0.45), Liliwise,
life expectancy at eclusivn was siomilir [or varus-teeaied
(56,3 days ) and untreared control mules (578 dava ] iviales
wire ot subjected o bioassay arad their ailection abis
was ot determined.

Wing length was used as an bndicator ol body s
Coverthy infected females and non-infiected exposed
females both had significantly shorter wings than consml
nsects (Fy o =075, P < 0001 {Table 1)

Intaractions hetween |t history parametars:

There was a signiﬁcam positive correlation between wing
length and longevity in covertly infected female muossuies
but not in control or non-infected exposed mosquitoes
(Table 3. There was however, a significant positive correll

tion between longevity and fecundity foe mdsdquiiees o
all treatments. Longer lived control females and non-[nfected
exposed mosquitoes also produced significantly mure
offspring. whereas the relationship was not significant fog
covertly infeceed mosquitoes (Table 33

—— Contraol
Exposed
Infacted

covertly infected mosquitoes compared
tivother sreatimen s, Dt wiere ol ed
abantervalsal four days

D 4 8 12162024 28 32 36 40 44 48

T T T T T T

52 56 60 &4 €8 Y2 76
Adult age {days)
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Flgure 3 Coanpittjson of mortality (d, 1 of adult female Aedes
sty showing LA earlier peak o momality i reproductively
fe e Bl fed mosguitoes rom cantrel Srealment compared
oo reprodoctiviesugar fed mesgquiiees also from control
treament, and (R earlier and greater magnaude peak mortabiny
ol covertly inlected reprroductive femnles compared (o
repraduciive nan-infected exposed and contral mosquitoes. In
Ml wiases data were pooled ot four-day mtervils,

Increasing [ongevily was also associated with an increase
n enleenliny i contrad and pon-mdected exposed mos:
fuietees, but awt for covertly infected mosquitoes, possibly
because they died belore sperm depletion, or inactivation
limited offspring production.

There were no signilicant correlutions between Bady
size and fecundity or the production of offspring. Thew
wis also no correlation between fecundity and ferniliy,
suggesting that sperm inactivation was 4 more likely cause
of decreased fertility i older mosquitoes than sperm
depletion (Table 1)

Discussion

Sublethal infection by TIV-6 caused marked reductions
i the reproductive capacity; losgeviry, dsel bedy siae ot
infected female mosgultoes: Although sienilar, oo esults
différ from those previously reporied by Marina el al
1999, in that the sulblethal efects thar we observed wer
of grester magnitude and amenalile W stanistical analyses
which may have been due we differences in the mat g
logy used by Marina et ab, (19995, [n particabar e mating
of virus inoculated femoles with control mles wnd v
wrsa iy have diluted the effect of vacl teeatment o
mosquito reproduction amd reduced the statistical prb
ability of detecting treatment differences in the study
performed by Marina et al, (1999), Moreaver, Maring eral
{1999) onky considered ane bout of aviposition lullowing o
single blood meal. Tn contrast, in the present study, males
and females originating fram the same treatment were miled
with ane another and thus were not subjected taa possible
dilution of sublethal effecrs and the entive reproductive
lstary of exch female was moplweed ungil death,

The combination of & lower rate of opsvosiziog [l
et maternity ! and shorter lifespan meant thay covertly
infected females had a net reproductive rate half that of
contral fernales, which = considerably greater than the
2% reduction reported by Marina et al (19981 These
effects may be related to body sie, which has been
observed to have o marked intluence on the siee of blood
meals, the duration of the gonorrophic cvcleand recundiny
in AL aegypr (Briegel, 1990),

Table 3 Correlation coelfidiants aatainid

Treatnmyems o R ;
followang Spedsma’s noa-parmel s vk
Exposed Covert carrelation of life histary garametés fo
Faranvters Contral {mo-infectedd infection control, exposed and cavertly irilected
) : Persiabe Avdes aegyp e atfered blood meals
Lamngevity versussiie 0.050 —0.033 Q308" ; “EKP : .
N & a L. astavntervals
wnrsis rechindiny 0:310" 037 0414
versus lalal eispring 054 oA 0 I4d
vezsys percent infernlity 0.2 0247 R T
Fecundity versus siat 1035 = (LU 0083
versith rercent infertility {152 - (022 =254
[l sz versus Lot oflsprotg — L0848 —(i43 —0ha7

“Shpmficant cormlation an e 005 (rwas-iled 15 * *sigmificam correlation o P = 0,01

P tadied ) ctnal g 1S, exposed o= 107, infedied n=423



Exposure 1o 11V-6 inoculum also caused a small reduc-
thon i the By of non-infected mosquitoes. This may be
related 1o direct toxic effects of certain 11V proteins
i Lorbacher de Ruiz, 1990} or virus-induced apoptosis and
sloughing of infected got cells resulting in reduced feeding
eites and Jower body size of exposed non-infected mos-
guitoes (. F Marina, unpubl )oAlernatively, individuals
exposed 10 inoculum that did not become infected may
huve hod on intrinsically higher resistance o infection.
The mietabolic costs arising from mownting an immune
response may be reflected in o reduced reproductive capa-
city, leading to the lower B, value observed in this group
{almed et al,, 2002). A genetically correlated trade-off has
alsu been reported between immune response and imma-
ture development rate in A aegypi Koella & Boete, 2002
Wi could not determine il any such effect was evident
i experumental insects because infection status was
deternumed tolowing death of the adult stage rather than
during puvenile development.

Such effecrs lnghlight the importance of differentuting
Between thie sublethal effects observed i the survivars of
aninoculum challenge and sublethal effects attributable to
vival infection. The simplest test 1o differentiate between
infected and non-infected survivars would involve demon-
strating the presence of virus in hosts as performed in
Hse present study, and a number of the studies reviewed by
Hothman & Myers (19965 Even more concrele evidence
invelves demonsirating an increase in the concentration
af the virus ininfected hosts due to viral replication as
performed by Marina et al. (1999), or by detecting the
presence of virus-specihe RNA transcripts. in host cells
using reverse transcripiase RT-PCR techniques. We are
currently developing such technigues Tor the study of
covert 11V infections,

leproduction was gssociated with a marked decrease in
el ol femrale Jongevitv and a left-shifted distribution of the
death rate [Figure 3a). Two different diets, blood meals and
sterose solution, were provided for reproductive and non-
reproductive females, respectively. Carbohydrate sources
are important o the survival of A aegpri deprived of
blpod meals (Briegel eral, 2001}, and may enhance the
lifetime fecundity of blood-fed females {Briegel eral,
20023, However, the sugar supplementation of bloed meals
die ot extend the longevity of this species compared to
mosquitoes fed unmodified blood meals (Canyon etal,
1999}, indicating that blood alone provides the energy
reserves necessary 1o fulhl average life expectancy.

The trade- off between longevity and reproduction has
been reported in many animal species (Reznick, 1983;
Carey, 1993 and has been studied in detail in certain dip-
leran specics, particularly Desephila (Partridge & Barton,
994 ) and tepheitid fruis flies (Carey et al,, 1998a.b). For
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females, survival costs o reproduction may originate
from two sources. First, by directing resourcey awas
from phystological repair into ey production and secod,
by exposure to toxic male accessory gland compounils
transferred to females dunng mating {Chapman eral,
1993},

The pattern ol infertility was noticeably attecied by varal
infection. The prevalence of e infertility increascd wath
the period between mating and egg lavig inall trewnients
This correlation was compelling for contral (K = k07
and exposed non-infecred females TR = 0821 but s
weaker in covertly infected females (R = (.28} probably
becanse covertly infected females dled before sperm deple
bredal OF sperm inactivation ooourred. 1-:I.|I|'1'L‘L||.II-'|!||:|'. thy
correlations between longevity and bateeteivy were gositive
andd significant for conteol and  ponsintected espiosed
females and non-significant for covertly anlected Tenuies
Interestingly, Sait et al (1994 reported mfertlity oo up ot
33% of healthy Plodio gorerprencretla ChLGbner) CLepidopier
Pyraldae) females thar had maoted with males that Dl
been exposed to o granutovires {Baculoverndae) ol
larval stage. Subsequent stuches of these males mdicaed
that the numbers of cupyrene sperm produced by vious
exposed males was reduced by about 1% compazed
control males, bul the gffect wios not quite sigailicant at
i = 0.05 (Sait et al,, 1998),

A significant positive correlation way detected between
lomgevity and fecundity in all freatments; longer Tl
females took more blood meals, laid more epgsand, in the
case of control und non-infected exposed lemales, prodiced
more progeny than short lived females. Lnexpectedly, 4
significant correfation between wing length and longeyiny
was detected in covertly infected female mosguitoes
but not i control or non-infected msects. This may be a
consequence of the slightly greater warsabilivy i size ol
covertly infected mosquitoes (Table 10, resubtiog in an
in¢reased probability of detecting a-significant retation:
ship between biody size and longevity, Alternatively, vl
infection may kill small and probably weaker individus
more quickly than large, more robust individuals, thus
generating the significant correlation that was obsgrved,

The present study confirms the ohsepvations of a pro-
vious study vn the sublethal effacts of ITV-6 infection in
Acaegypr (Marina et al., 1994) and gees lurther in pre-
senting statistical evidence that covert infection reduces
the reproductive capacity, longevity, body size; and selated
demographic varmbles of the mosquite, Adult body suee
and longevity influence the duration of the gonotrophs
cycle and the average number of feeding bouts per liretine,
respectively {Briegel, 19901 Covert infoction by iridescent
virus is therefore likely to reduce the prababilive thae
individual mosquitoes will transmmit disease and may alse
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influence the dynamics of mosquito populations during
periads in which the prevalence of covert infecuon is high,
as hay been reported for Spring-time blackfly populations
in Wales (Williams, 1995), Sublethal effects of insect patho-
gens are renowned lor being difficult 10 detect because
individuals vary i the degree 1o which they are affected
[Sait etal, 1994, 19981, Morepver, the mechanisms by
which insect viruses cause the observed sublethal effects
rermn virtually unknown, Cellular studies focussing
on vivassinduced apoprosis and genetic disruption are
required 1o elucidate the processes that lead to the per-
et ol life history parametiers observed In coverntly
nfected insects
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