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ABSTRACT

Polovodova equated the max'imum number of djlatatjons ìn any

ovarjole wjth the total number of gonotrophic cyc'les (pari'ty status)

compìeted by a mosquito. Two major obstacles to accurate parity

diagnosis are the lack of diagnostic ovarjoles (which indicate parity

status), and the presence of rogue ovarioles (which cause the

overestimatjon of parity status). Ovarioles wìth more than six pedicel

cell s and no d'il atation, and ovarioles wìth different numbers of

dilatations were counted'in nul'ììparous and known parous Culiseta

inornata (l^lilliston) and CuTex tarsalis Coquìllett. In Cs. inornata 50%

of nullìpars (< 12 days o1d), 42% of l-pars and 28% of 2-pars had at

least one rogue ovariole. Ten per cent of 2-pars had no diagnost'ic

ovari ol e. In Cx. tarsal i s 68% of nul'l i pars (< 10 days of age) had at

least one rogue ovariole. The ratio and frequency of ovariole types were

used to develop parity diagnostjc criteria. These criterja accounted for

the occurrence of rogue ovarioles whjch thwart the application of

Polovodova's method. The use of diagnostìc criteria and separation

ind'icators to separate nullipars and known pars ìn blind tests, was 95%

and 100% effective for Cs. inornata and Cx. tarsaTi s respectjvely.
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CHAPTER Ï

GENERAL TNTRODUCTTOru

Vectorial capacìty ìs an estimate of the daily rate at which

vector borne djseases are spread. The parameters used to reach this

estimate include the survjval rate of the disease vector (Dye 1992).

Anautogenous mosquitoes, wh'ich requìre blood to develop eggs, are often

potential vectors of djsease organjsms which they acquìre durjng blood

feeding and transmjt to other hosts durìng subsequent meals.

Parous females are females which have compìeted one or more

oviposjtion cycles, and may be subd'ivided into 1-parous to n-parous

categorìes (Bertram 1962). These females are important in ep'idemjology

because they provide a measure of blood feeding events and potentiaì

infectivìty. The proportjon of parous to null'iparous females (the parous

rate) 'is an appropriate measure in epidemiology for the estimation of

mosquìto survjval (Dye 1992).

The estimatjon of vectorial capac'ity is thwarted by physiologìcal

and behavjourjal factors assoc'iated with the vector, and problems with

mathematjcal models (Clements and Paterson 1981, Dye 1992). Problems

djrectly assocìated with oogenesjs include the assumption that each

ovìposjtion cycìe represents a single blood feeding event (Dye 1992).

This assumptìon 'is incorrect in autogenous females that develop the

fjrst egg batch without blood (Bel1amy and Corbet 1973), and in some

anopheììne spec'ies which require more than one blood meal to develop the

fj rst egg batch (Gi I I ì es 1956) .
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The current study focuses on the prob'ìems assocjated with

Polovodova's (1949) dilatatjon method wh'ich is used to est'imate the

proportìon of parous mosqujtoes ìn a populatjon. Polovodova's (1949)

method'is based on ovarian changes by whìch a femaìe may be identifjed

as 1- to n-parous. The degree of parity is useful for the determjnation

of changes in survjvorshìp w'ith gonotrophic age (G'i1l'ies and tlilkes

1965).

The primary obiective was to test the effìcacy of Polovodova's

(1949) method for CuI lseta inornata (tl.lìlliston) and for Culex tarsalis

Coqu'il I ett. These spec'ies are potenti al vectors of l^lestern Equi ne

Encephalomyeìitis vjrus in Manjtoba, and gonotrophic aging of vector

mosquìtoes js desirable when virus transmissjon is I ike1y. Count'ing

di I atat'ions j n some Cul ex spec'ies may resul t 'in an overest jmat'ion of

parity status (the number of oviposition cycles completed), because some

nullipars are known to resorb ovarjan folljcles and form djlatations

prìor to blood feed'ing (Knight and Nayar 1982). Therefore the folìowìng

was undertaken: an evaluation of follicle resorption in nulliparous Cs.

inornata and Cx. tarsalis, a record of ovariole types (ìncludìng

diagnost'ic ovarioles) in females of known ovìposition h'istory, and the

appraisa'l and mod'ification of Polovodova's (1949) method.



CHAPTER TI

LTTERATURE REVIEW

Polovodova's nethod

Polovodova (1949) found that the maxjmum number of dilatatjons in

any ovariole was equ'iva'lent to parity status (the number of oviposjtion

cycìes completed) in Anopheles naculipennís Me'igen. Hayashj and Kurjhara

(1965), Rosay (1969), Samarawickrema (1962), Trueman and McIver (1983),

and others, supported Polovodova's fjndìngs for a variety of Culex,

Anopheles, Aedes and llansonia spec'ies with known ovipositjon history.

Polovodova's (1949) method js the only age grading method to date, whjch

can determ'ine the precì se pari ty status of parous mosqu'itoes .

Information on the parìty status of mosqu'itoes is used to estimate adult

survival between oviposition events (Dye 1992).

Anatony of the nosquito ovary

In non-gravid females, the pa'ired ovaries are situated jn the

regìon of the fifth abdom'inal segment. The ovaries of gravìd females

occupy a large portìon of the perìvjsceral sjnus. The ovarjo'les, which

are the egg producing units of the ovary, are arranged around the calyx

(centraì tube of the ovary). The ovary js enclosed by an outer membrane

(ovarian sheath), whjch term'inates where the calyx merges with the

lateral oviduct. The lateral ovjducts of each ovary expand to form the

ampullae and then merge to form the common ov'iduct. The spermathecae and

the accessory gìands open into the common ovjduct. The ovary ìs suppì'ied

with air via two tracheal trunks which are linked to the fifth and sixth



abdom'inal spì racì es. The trunks spì 'it a number of t'imes before they

merge wjth the ovary (Bertram 1,962, Detinova 1962, G'ig'ììo1i 1963a,

Shalaby 1971).

The number of ovarjoles varies between indjvjdual s and species,

Gigìioìi (1964) found a range of 48-97 ovarjoles per ovary in Anopheles

nelas Theobald, and Clements and Boocock (198a) found 50-60 ovarioles

per ovary'in /edes aegypti (Linnaeus). Each ovariole has an anterior

germarìum which produces one ovarjan follicle at a time. Folljcle

production and egg deveìopment are dependent on hormonal and nutritjonal

factors (Beckemeyer and Lea 1980, Clements and Boocock 1984) and jn

anautogenous species, t,rlhich requ'ire blood for egg deveìopment, the

product'i on of fol I i cl es 'i s synchronous throughout the ovary ( Bertram

1962). The follicle has a folljcular epitheljum which encloses a

syncytìum of seven trophocytes and an oocyte. Mature unfed females have,

jn each ovariole, at least two folljcles arrested at different stages of

development. The prìmary foll'icle is connected to the calyx by a

cellular stalk (the pedicel), and the primary and secondary fo'llicles

are separated by a cellular connecting stalk (the primary connecting

stalk). In some spec'ies the primary connectjng sta'lk ìs poorly def ined

prìor to blood feedìng (personal observatìon). The germarjum, foll ic1es,

connectìng staìk and pediceì are covered by a thin elastjc membrane

named the tunica, and each ovariole (folìjcular tube) is covered by a

taut membranous ovariole sheath. The ovarjole sheath js 'interdjspersed

with nuc'leì, and 'is broadly iojned to the calyx around the pediceì

(Bertram 1962, Giglioìi 1964, Nicholson 1921).

Most of the oocytes develop ìnto mature eggs after gonoactive
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femal es jmbj be suffi cj ent bl ood. After ovì posj ti on the femal e 'i s l-
parous as opposed to nulì'iparous. As the eggs deveìop, the next folljcle
jn each ovariole develops to a restjng stage prior to the subsequent

cycìe (Bertram 1962).

Dynanic events in the nosquito ovary

Aborti ve oogenesi s

The degeneratjon of a foll'icle jn one ovarjoìe, whìle an egg

devel ops s'imul taneous'ìy i n another ovario'ì e, j s termed abort j ve

oogenesis. Thìs is a common phenomenon'in mosqu'ito oogenesis (Detìnova

1962). The onset of foll'icle degeneratjon js characterized by changes ìn

the fol I i cul ar ep'ithel i um, lvhi ch becomes col umnar and deve'lops

cytop'ì asmic jncl usions named I uteal ì (Lange and Khok 1981) . Yol k

disperses throughout the follicle when the oocyte begins to break down

(1^latts and Smi th 1978) . The degeneratì ng fol I j cl e eventual'ly forms a

djlatatjon, which Bertram (1962) defines as a localjzed swelling ìn the

ovarjole at the previous s'ite of a follicle. Lange and Khok (1981)

described the djlatat'ions formed from abort'ive oogenesis (Detinova i962)

as gonotroph'ic d'ilatations. Dìlatatjons often contajn a rel jc wh'ich is a

compacted mass of follicular debris that persìsts after the degeneratjon

and subsequent resorption of most of the folljcle (Bertram 1962). Some

authors use the term yeìlow body or corpus luteum to describe the reljc.

Polovodova (1949) used the terms yeìlow body and thickening (dilatation)

interchangeabìy. Successive cyc'les of abortive oogenes'is jn the same

ovarjole result'in a series of dilatat'ions separated by connect'ing

stalks. There js one dilatation for each cyc'le of abortive oogenesis.
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The fjrst d'ilatat'ion is the primary djlatat'ion and this is connected to

the calyx by the pedìcel (Detìnova 1962, Hoc and Charlwood 1990).

Sokolova (1981) reported that abortive oogenesjs occurred in 0.7-30.0%

of ovarioles jn Aedes caspius dorsalis Meigen, a species that has 72-129

ovarjoles per ovary.

Nicholson (1921) speculated that follicìe degeneration

(autodigestìon) may be a response to folljcle crowd'ing. Clements and

Boocock (1984) believed that extens'ive degeneration of foll'icles in

anautogenous mosquitoes'is related to a nutrit'ional deficiency

assocjated with partial blood meals, and may be compounded by the

effects of any nutritional deficiency 'in larval development. They found

that, on average, 27.2% of follicles degenerated in ,4e. aegyptl wjthjn

33 hours of bl ood f eed ì ng . The structural 'i ntegri ty of ovar j an f ol I 'i cl es

may be dependent on juvenile hormone. Gwadz and Spielman (1973) reported

extens'ive foll'icle degeneratjon jn blood-fed 4e. aegypti which had been

allatectomised shortly after emergence. Thjs djd not occur in

allatectomised females treated with synthetic juvenile hormone.

Detjnova (1962) defined abortive oogenesis as occurrjng in blood-

fed gonoactive females. it would be reasonable to extend the defìn'ition

to j ncl ude degenerati ng fo'l I j cl es i n femal es that were devel opì ng eggs

autogenously. Extensjve foll jcle degeneration 'is found in autogenous-

anautogenous Culex tarsalis Coquillett, when a small batch of eggs ìs

developed w'ithout blood in the first gonotrophic cycle (Beì1amy and

Corbet 1973).
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Nornal oogenesís and ovulation

Normal oogenesjs js the development of an oocyte into a mature egg

(Detìnova 1962). Christophers (1911) dìvided oogenesis into five stages

of development wh'ich were subdjvided descrjptìvely but not numerìcaì'ly.

Chrìstophers' stages have been redefjned by a number of researchers

(C'lements and Boocock 1984). l^Jatts and Sm'ith (1978) divided normal

oogenes'is into ten stages. liatts and Smith's (1978) stages are not very

different from Christophers' (1911) progressive description of

oogenesis, except that the transition from stage 2-3 js modified and

prec'isely defined. Thjs refjnement proved useful for consjstent

classjfication of females whjch were in oogenic arrest (personaì

observatìon).

Fol I i cl es of anautogenous gonoacti ve mosqu'i toes are i n

developmentaì (oogenìc) arrest between blood meals. 0ogenic arrest is

governed by the endocrine system (Clements and Boocock 1984). Njcholson

(I92I) reported that oogenjc arrest was characterjzed by a cessation of

mitot'ic djvjs'ions 'in the foll icular epìtheì ium. Mjtos'is resumes after

blood feed'ing (Laurence and S'impson I974).

There 'is no disagreement in the literature concernìng the

formatjon of dilatations during abortive oogenesìs. This is not the case

for djlatations whìch may result from normal oogenesìs. Beklemishev eú

al . (1959), Bertram (1962), Gigl iol i (1965), Gill jes and t^Jjl kes (1965),

Rosay (1969), Samarawickrema (196?), among others, believed that serial

dilatatjons form from successive cycles of normal oogenes'is (o1d

hypothesis). The reljcs'in such dilatatjons are composed of degenerated,

compacted follicular epìthelium. According to the oìd hypothesis,
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ovulation (the passage of the egg from the ovarjole to the calyx) occurs

vja the pedìcel in the first cyc1e, and via the connecting stalk and

pedìcel jn the second cycle etc..

Samarawickrema (1962) reported that ovarjoles which have recently

ovulated (sacculate ovarioles), have the same appearance in 1-pars as

they do jn multìpars (a point generally agreed upon in the l'iterature).

As the sac shrinks, most of the follicular debrjs as well as relic

materjal from prevìously formed djlatat'ions, js ejected jnto the ca1yx.

The dilatations and connecting stalks formed in previous cyc'ìes of

normal or abortive oogenesis are then reformed. Samarawickrema (1962)

reported that the pedicel was the last part of the sac to reform whereas

Beklemishev eú a7. (1959) reported that it was the fìrst.
If this descrjption of ovulatìon was accurate, ovarioles with the

same number of djlatations as oviposjtion cycles would be numerous.

However, vìrtual'ly all studies on dilatations report a scarcìty of such

ovarjoles in gonotrophìcally older females. Th'is could be the result of

a number of ovarioles remain'ing'inactive during each gonotrophìc cycle

as was suggested by Detinova (1949). However, there are more plausible

suggest'ions to explaìn the reduction in diagnostic ovarioles.

Lange and Khok (1981) studied Anopheles, Aedes and Culex specìes.

They do not use the term djlatation jn association wjth normal

oogenesis, and report that after ovulation each sac shrjnks down to the

ca'lyx and forms a sìngìe terminal sac with a reljc. This type of

ovariole has the same appearance after any number of cycles of normal

oogenes'is. If normal oogenesis were to follow abortìve oogenesjs jn the

same ovarioìe, then a sìngle terminal sac would result and not two
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di stj nct di I atati ons as reported by Bekl emi shev et aI . ( 1959) . Gi gl ì oì i

(1965) believed that abortive oogenesis, once jt had occurred in an

ovariole of An. nelas, was likely to reoccur jn that ovariole in

subsequent cycles. G'iglioli (1965) gave evidence to support the new

hypothesis in An. nelas, in which termìnal sacs are referred to as basal

d'i I atat j ons . However, Gì g'l 'iol 'i 's ( 1965) study supported the ol d

hypothesis for other species. The new hypothes'is ìs supported by

Anufrjeva and Artem'ev (1981), Gillies (personal communicatìon), Hoc and

Charlwood (1990), Sokolova (1981,1983) and Sokolova and Lange (1989).

A diagrammatic representat'ion of ovarioles after the second

gonotrophic cycìe, accordjng to the old and the new hypotheses,'is given

ìn Fig. 1. After the second cycìe the old hypothesjs accounts for one

bas'ic ovariole type, whereas the new hypothesis accounts for three. The

scheme presented in Fì9. I does not include the effect of ovarioles

restjng in the first, second, or both cycles, and assumes that normal

oogenesis is a random event i.e., each folljcle in a gìven cycle has an

equa'l probabil ity of completing normal oogenesis (Appendix III). After

ovulation (oìd hypothesjs) the pedìce'l would not be cellular whereas a

pedìcel in an ovariole whjch had not ovulated, but had completed

abort'ive oogenesis, may conta'in degenerat'ing cells. The illustrations in

the ljterature are varied in this regard, therefore the pedicels were

standardjzed jn Fig. f in order to emphas'ize the difference between the

two hypotheses.

The mode of ovulat'ion ìs inadequately addressed by the new

hypothesis. Lange and Khok (1981) sìmpìy state that the ped'icel

disappears during ovu'lation, and refer to Lehane and Laurence (1978).
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Lehane and Laurence (i978) described ovulation in Ae. aegypti as a

process which does not'involve the pedìceì. Instead of passìng through

the pedicel, whjch was a soljd core of cells in nullipars, the primary

folljcles lengthened and pushed into the calyx. The basement membrane of

the follìcle and the basement membrane of the caìyx became

indistinguìshab1e, and breaks appeared through which the eggs protruded.

Lehane and Laurence's (1978) ultrastructural study was thorough, but it
was ljmited to one specìes and may have been ljmited to a proportion of

ovarioles in each female. Hoc (1975) jndicated that ovulatjon occurred

vja the pedicel, and the pedicel remained expanded as a sac. Thjs

possib'ility was also djscussed by Spencer (1979). Gìglìo1i (1965) found

that jn An. nelas, the pedice'l did not reform after ovulation, and the

foll'icular debris jn the shrinkjng sac was trapped above an ovariolar

sph ì ncter wh i ch cl osed af ter ovul at'i on .

Follicle resorption in nullipars

Follicle degeneration js common in older (calendar age) sucrose-

fed mosqujtoes (Lange and Khok 1981, Sokolova and Lange 1989, and

others) and 'is extensjve jn Culex specìes (Table I in Knight and Nayar

1982). The proportion of ovarìoles w'ith dìlatatjons and the number of

di I atatj ons per ovari ol e j ncreases as nul ì 'i pars age. Cl ements and

Boocock (1984) found that 1% of ovarioles in 3-5 day old Ae. aegyptf had

degeneratìng folljcles. Nayar and Knìght (Table 1 in Nayar and Knight

1981a) found that every femaìe jn a sampìe of sucrose-fed, 16 day old F,

Culex nigripalpus Theobald had at least one 2-djlated ovariole.

Lange and Khok (1981) used the term agonotrophic, to descrjbe
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dilatatjons formed from folljcles which degenerate before or after the

gonotrophìc cycle. Sokolova (1981) used the term pregonotrophic to

describe dilatations which form durìng the first day of adult life.
Ovarjoles w'ith pregonotrophic djlatatjons do not develop the secondary

follicle (Sokoìova and Lange 1989). Sokolova and Lange (1989) suggested

that agonotrophic degeneration could result from genetìc defects in

later stages of follicle development, or from changes in hormone level

assocjated with female age. It is not known why these ovarioles

degenerate and conti nue to produce new fol I j cl es whj I e other fol I i cl es

are resting.

Sokolova (1981) found that 97% of Ae. caspius dorsaTis had at

I east one ovarì ol e wj th a pregonotrophi c dj I atatj on, and ol der sucrose-

fed females had agonotrophic dilatat'ions in 0.5-L.0% of their ovarioles.

}variole types found in nulliparous and parous nosquitoes

Sokolova (1981) described four basic ovarjole types: norma'l,

mjniature, aborting and cìub-shaped ovarjoles. Normal and minìature

ovarioles d'iffer only jn size. Abort'ing ovarìoles are in the process of

resorbj ng a foì I 'i cl e and cl ub-shaped ovarj ol es have no fol I i cl e.

0varjoles may have one or more dilatat'ions (pregonotroph'ic,

agonotrophìc, gonotrophic), and the germarìum may be funct'ional or non-

funct'ional .

Hoc and Charlwood (1990) descrjbed four ovarjoìe types in parous

mosqujtoes: ovarioles whjch have completed abortive oogenesis in every

cycìe, ovarìoles which have ovulated ìn every cycle, ovarioles wh'ich

have completed normal oogenesjs and abortjve oogenesis in different
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cycles, and dwarf ovarioles whjch are smaller than the average ovarioìe.

Hoc and Charlwood (1990) djd not use dwarf ovarjoles as'indicators of

pari ty status, whereas Gi I I i es and tl'il kes ( 1965) found them to be

useful.

Detinova (1949) descrjbed three ovariole types found in the first
gonotrophic cycle: ovarioles committed to normal oogenesis, ovarioles

committed to abortjve oogenes'is, and ovarioles that are quiescent.

Ovarioles wjth cellular pedìce1s are a distinguishìng feature of

the nul'liparous ovary (Hoc 1975). Giglìolì (1965) found that the

pedicels of newly emerged An. nelas had 10-12 cuboidal cells. Gozhenko

(1980) found that the pedìceì in Mansonía richiardii (Ficalbj) had 8-18

cel I s and Hoc ( 1975) found that nul'l 'iparous Cul ex pi pi ens nol estus

Forskal and An. naculipennis had ped'icels of between 7-20 cells and 15-

22 cells respect'ive1y. Sokolova and Lange (1989) reported that ovarioles

wi th pregonotrophi c and agonotrophi c di I atati ons have cel I ul ar pedi cel s,

whereas ovarjoles w'ith gonotrophìc dilatatjons (in pars) have

degenerated pedì cel s.

The dilatation method and age grading techniques

Di agnosti c nethods

Polovodova's (1949) method for assessing parity status ìs

unaffected by Lange and Khok's (1981) reappraisal of ovarjan dynamics.

This is expected sjnce Polovodova's (I949) method was based on careful

observat'ion rather than hypothetical proiectjon. Lìu (1968) used CuTex

pi pi ens pal I ens Coqu'il I ett of known ov'iposi t j on h'istory to test the

efficacy of Polovodova's (i949) method, and examined l5-30 ovarjoles jn
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1-pars and all the ovarjoles jn ?- to 7-pars. Liu (1968) found that

there was an underestimation of physiological age when females were more

than 2-parous. In a sjm'ilar study of /edes albopictus Skuse, Lìu (1968)

documented one 2-par wìth a 3-djlated ovariole. Reports of age

underest'imation using Polovodova's (1949) method are more frequent than

reports of age overestimation. Instances of age overestjmat'ion have been

reported tn Ae. aegyptf (Rosay 1969) and Anopheles ganbi ae Giles

(Gi I I 'ies and hli I kes 1965) .

Lange and Khok (1981) concluded that the only ovarìole type which

represents the true age of a female, js one wh'ich has undergone abortive

oogenesis 'in every cyc'le and therefore has an intact pedicel . The

practicaì value of this diagnostic ovario'ìe may be questioned in older

females jf Detjnova's (1949) observat'ions, that some ovarjoles do not

participate in all cycles, 'is w'idespread. Lange and Khok (1981) call the

proportion of dìagnostic ovarioles jn each female the index of

diagnostic rel iabil ity. Thjs jndex does not quantify the percentage of

females wh'ich are subiect to age underestimatjon due to a lack of

d'iagnostjc ovarjoles. Sokolova (1983) reported that the index of

diagnostìc rel'iabilìty jn Z-parous AnopheTes nesseae Falleroni, Ae.

aegypti and Aedes punctor Kirby, was 3.6%,8.5% and L4.9% respect'ively.

Anufrjeva and Artem'ev (1981) counted ovarjoles wjth a term'inal

sac and one less dilatatjon as well as dìagnostic ovarioles. From a

practicaì perspectìve this was identical to Polovodova's (1949) method.

Anufrieva and Artem'ev (1981) calculated fìnjte values for the minima of

parity diagnostic ovarioles 'in l- to 4-parous Anopheles pulcherrinus

Theobald and Anopheles hyrcanus (Palìas). These m'inima were extrapolated
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from fecundì ty data and the j ndex of d'i agnostì c rel i abì I ì ty.

Photomicrographs of djagnostic ovarioles with a substantial number

of clearly separated dììatatìons, are common in the ljterature. These

jnclude an 8-dilated ovariole in An. gambiae (Gilljes and l,lj'lkes 1965),

a 5-diIated ovariole in Anopheles coustani Laveran (Gig'lìo1i 1965) and a

7-dilated ovaniole jn Anopheles farauti Laveran (Spencer 1979).

Djlatations are varìable ìn appearance, hence their classjficatjon is

somewhat subjectìve. The classificatjon of an 8-djlated ovariole of

Culex annulirostris Skuse photographed by Kay (I979), represents an

overestimat'ion of the number of dilatations vjsjble (personal opinion).

Proxjmal dilatations in the form of clusters have been reported by Lìu

(1968) and Spencer (1979).

Sokolova (1983) proposed the combjned (combìnatìve) method for

parity d'iagnosis. The combjned method relies on the agreement in

diagnosis of ovarioles with different proportions of granulation zones,

vest'igiaì dilatations and gonotrophic dilatations. Sokolova (1983)

bel'ieved that granulation zones were formed from the fusjon of sacs

during successive ovulation events, and that each granuìatjon zone, jn

the same ovarìo'le, represented a different gonotrophìc cycìe. Sokolova

(1983) was able to djfferentiate up to three granulatjon zones'in the

same ovariole using the intraovarjan o'il injectjon method (see below).

Vestigìal djlatations were torn from the follicular tube when normal

oogenesjs followed abortjve oogenesis in the same ovariole. Vest'igìa'l

dilatations were found between the follicular tube and the ovariole

sheath (Soko'lova 1983) . Lumen cel I s were al so found j n th'is regì on of

the ovariole (Sokoìova IgBl). Theoretically, the ovarjoles whjch are
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d'iagnostic for a 2-parous female using the combined method are:

ovarioles with two granuiation zones, ovarioles with one granulatjon

zone and one vestìgìal dìlatation, ovarioles with one granulation zone

and one gonotrophic d'ilatat'ion, and ovarioles with two gonotroph'ic

djlatations. Granulat'ion zones and djlatations were used by Spencer

(1979) to diagnose wild /n. farauti .

Dissect ion nethods

Beklemjshev eú a/. (I959) used two needìes, physioìogìcal saì ìne,

and a dissectjng m'icroscope (40X magnìficatìon) to dissect the ovaries

of mosquitoes. Once the ovaries h,ere removed, the ovarian sheath was

torn to reveal the ovarioles whjch remained attached to the calyx. The

ovarioles were jndividually straìghtened by stretching them with one

needle whìle the other needle was used to secure the calyx. The

djlatatìons vvere then vis'ible and could be counted. Gjgljolj (1963b)

modified thjs technjque by stainìng w'ith aqueous gentìan vioìet, which

highl ìghted a broad range of ovarian structures. Gigl ìol ì (1963b) found

that a djssectìng medìum of saturated sodjum chloride permitted the

ovariole to be stretched, and then prevented it from contractìng. The

medium also reduced the spread of yo'lk from rupturing folljcles, however

the sta'in and the saline were immisc'ible. Giglìo'lì (1963b) developed a

knee focusing dev'ice which left both hands free to stretch the

ovari ol es .

Hitchcock (1968) held the apical end of the ovary w'ith tweezers

and then flicked the tweezers w'ith a needle until all the ovarioles had

dìspersed throughout the d'issectìng medìum. If the tweezers and needle
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were not suffjciently elast'ic, the pedicel broke at the follicle rather

than the calyx. The preparat'ion was covered wjth a gìass coverslip and

viewed using transmitted I ight.

Spencer (1979) used a dissectjng medium of sal'ine, glycerìn and

formaljn. Whole mounts of ovaries were flattened by applying a glass

coverslìp, and were v'iewed wìth phase contrast microscopy.

Lange et al. 198l devel oped the 'intraovarian oi I 'iniecti on

technique. The ovaries were removed in a solutjon of 1 part neutral red

to 8000 parts of physìoìogìcaì salìne. Sunflower ojl was'iniected into

the lateral oviduct us'ing a fjne pipette with a matchstick pìunger. If
the common oviduct was large (parous females) then both ovaries were

fjlled at once.0nce the ovaries expanded 2-3 tjmes the'ir orìgina'l

'length, they were slit lengthways and the ovarjoles spread out across

the surface of the sal'ine jn the escaping oi1. The sal'ine was partly

drawn off and the preparation was covered wjth a vaseììne-supported

coverslip and vjewed usìng transmjtted light and a 40X objective. Thjs

method enabled the max'imum number of ovarioles to be ana'lysed'in a

relatively undamaged state. t¡lilkes (Gììlies, personal communìcation)

found the method to be excellent for viewjng ovarìoles but was unable to

perform more than ten dissectjons a day.

The biology of Culíseta inornata

Culiseta inornata (tlill'iston) has only been found in North

Amerjca. It is common to the praìr'ie provìnces and does not occur east

of 0ntarjo (tlood et al. 1979). Culiseúa inornata has been impììcated jn

the transmissjon of lrlestern Equ'ine Encephalomyel'itis, but'it js not
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considered to be an ìmportant vector of the virus (McLintock and Iversen

1s75) .

Anderson and Gallaway (1987) found that Cs. inornata preferred to

blood feed on large mammals. Hudson (1977a) found nulliparous and parous

Cs. inornata wìth crop syrup. The highest percentage of nulì'ipars wìth

crop syrup (79%) occurred jn early September.

Culiseta inornata is an autogenous-anautogenous spec'ies. Autogeny

levels are high (>35%) jn Californja during late December and earìy

January (Fleyer and Washino 1978, Meyer et al. 1982) but for the rest of

the year they are generally low (Reisen et al. 1989).Owen (1942) and

Hudson (1977a) each reared three autogenous females that lajd small egg

rafts.

Culiseta ínornata hibernate durìng cold w'inters and aestivate

during hot summers. Hudson (1979) reported that females overwjnter in

Alberta as unfed nullipars, in a state of reproduct'ive diapause. Dow et

al. (19i6) bel'ieve that Cs. inornata whjch blood feed prior to

hjbernation jn Colorado, overwinter as gravid females. Barnard and Mulla

(1978) and Reisen eú a/. (1989) reported that the maiorjty of post

aestivatìng females were ejther gravìd or empty parous. The hibernat'ion

of blood-fed females 'is an jnd'icatjon that Cs. inornata may have the

potentiaì to overwjnter arboviruses (Dow et a7. 1976).

At the end of each gonotrophic cycle Cs. inornata'lays ìts eggs ìn

rapìd success'ion to form a free floating raft on the water surface.Owen

(1942) reported seven gonotrophic cycles (from seven blood meals) ìn one

laboratory-reared Cs. inornata. Gonotroph'icaììy older females had

decreased fecund'ity. l4eyer et al. (1982) and Rei sen et al. (1989)
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reported a maxjmum of four gonotroph'ic cycles in wild Cs. inornata. The

djfference between these extremes may be exp'laìned by age

underestimatìon, or poor survjval 'in the wìld. Buth et a7. (1990)

reported that a maximum of three generations of Cs. inornata were

possi bl e i n southern lvlani toba.

The biology of Culex tarsalis

Culex tarsaTis is common'in the prairie provìnces of Canada, where

jt is the prìmary epidemic vector of Western Equ'ine tncephalomyelitìs

(McLìntock and Iversen 1975) . Culex tarsali s is an autogenous-

anautogenous species. Brust (1991) determìned the relationshjp between

temperature, photoperiod and autogeny in Cx. tarsalis from southern

Manjtoba. Brust (1991) found that increased temperature and day length

maxjmjzed autogeny. Short days suppressed autogeny at temperatures up to

28"C (but not at higher temperatures). Conversely, a temperature of 16"C

suppressed the effect of long days. Brust (1991) reported autogeny

levels in the field which ranged fron 82% in late July to 6% in early

September.

In Cal'iforn'ia, newly emerged females take 2-4 days to mate and

seek a host, and the gonotrophìc cycle (blood-fed fema'les) takes 4-6

days. The duration of the gonotrophic cycle is affected by temperature,

and the availability of hosts and oviposìtion sites (McHugh 1990, Reisen

et al. 1983, 1992). Females ìay a raft of eggs on the water surface.

Cul ex tarsa/ i s femal es overwi nter as unfed, 'insem'inated nu'l ì ì pars

(Burdick and Kardos 1963, l'litchell 1979). Shemanchuk (1965) found female

Cx. tarsalis overw'intering ìn mammaljan burrows. In Colorado, mark-
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release-recapture of females in mines indicated a winter survival of

8.7% (f4itchel l 1979) . hlestern Equ'ine Encepha'lomyel ì ti s j s not

transmjtted transovarial'ly ìn Cx. tarsalis (Henderson and Brust I977),

and consequentìy the vectolis unl ìkely to play a role jn overwinterìng

the vi rus.
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Pl ate I. A comparison of the old and new hypotheses concernjng the
formation of ovariolar d'ilatations: a dìagrammatìc
representatìon of ovarioles after abortjve and normal
oogenesis jn the first and second gonotroph'ic cycles.

A1
A2
csl
cs2
d1
d2
FI
F2
F3
htl
N2
p

ts

abortive oogenesjs occurred
abortjve oogenesis occurred
primary connectjng sta1k"
secondary connecti ng staì k.
primary djlatation.
secondary dilatatjon.
primary fol I j cl e.
secondary fol I i cl e.
tertiary foll'icle.
normal oogenesis occurred
normal oogenesis occurred
pediceì.
termjnal sac (basal dìlatatìon)

the fi rst cycì e.
the second cycì e.

in
in

1n
in

the fi rst cycl e.
the second cycl e.

The djagrams of ovanioles have been sìmpìified and standardized
from i I I ustrati ons and descri pt'i ons i n Bekl emi shev et al. ( 1959) ,
Gì91 ìol i (1965), Samararvickrema (1962) for the old hypothesìs, and
Gig'lìolì (1965), Hoc and Charlwood (1990), Lange and Khok (i981) and
Sokolova (198i) for the new hypothesìs. This Fì9. does not account for
ovarjoles wh'ich fai'l to part'icipate in ejther cyc1e. Primary foll jcles
g'ive rìse to primary dìlatations etc..
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CHAPTER ÏÏÏ
THE EFFECT OF ROGUE OVARTOLES Oru PARITY DIAGruOSTS

IN CULISETÃ INIR\{ATÅ (DIPTERA: CULICïDAE)

Abstract

The two major obstacl es to accurate parì ty di agnos'is of mosqu'itoes

are the lack of diagnostjc ovarjoles (whìch'indicate parity status), and

the presence of rogue ovarioles (whìch cause an overestimation of parìty

status).Ovarioles wjth more than sìx pedìce'l cells and no djlatation,

and ovarioles with different numbers of djlatatjons, t,rrere counted jn

known nulljparous, 1-parous and 2-parous Culiseta inornata ([.ljlliston).

The ratio and frequency of these ovarioìe types were used to develop

crjterja for parìty diagnosis. Fifty per cent of nullipars (3 12 days

oìd), 42% of l-pars and 28% of 2-pars had at least one rogue ovarjole.

Ten per cent of 2-pars had no dìagnost'ic ovarjole.

Introducti on

Parity status 'is an important parameter for the estimatjon of

female mosquito survivorshìp and vectorial capacity (Dye 199?). Parity

status ìs equivalent to ovipos'ition history. A female whjch has never

ovìposited js termed null'iparous, and a female which has ìaid one, or

more than one batch of eggs, is termed parous. Parous females are termed

1- to n-parous based on the number of egg batches that they have laid

(Bertram 1962). The countjng of ovarjolar dilatatjons is the only

ovarjan age grading method (Polovodova 1949) which ass'igns parity status
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wjthin the parous group. 0ther methods are restricted to the separation

of nullìpars from pars (Detìnova 1962, Hoc and Charlwood 1990).

Polovodova (1949) reported that the maxjmum number of dilatatjons

(described as th'ickenìngs) in any ovariole of Anopheles naculipennis

Meigen provìded an accurate measure of ind'ivjdual parity status.

Polovodova's method was tested by a number of researchers on a variety

of Anophel jne and Cul jcine specìes of known ovipos'ition history, and in

general, proved to be accurate for gonotrophical'ly younger (1- to 3-

parous) fema'les. There was a variable, but significant trend toward

underestimatìon of parity status ìn gonotroph'icaìly older females

(Gozhenko i980, Hayashj and Kurihara 1965, Liu 1968, and others). There

are a few reports of age overest'imation jn known parous females (Gjllies

and l^ljlkes 1965, Liu 1968, Rosay 1969) and numerous reports of 1- to 3-

dilated ovarioles 'in older, sucrose-fed nulìipars (Knjght and Nayar

7982, Oda eú a/. 1978, and others).

Di fferent v'iews are hel d regard'ing the format j on of ovari ol ar

dilatations.0ne hypothesis (Bekìemjshev et al. 1959, Det'inova 1962,

Samarawickrema 1962) is that during ovuìation, the egg js evacuated via

the expanded pedicel. The resultìng sacculate ovarjole then shrinks to

reform the pedì cel and a di l atatì on. l^Jhen an ovar j oì e compl etes a second

cycle, the sacculate ovariole shrìnks to form the second djlatatjon and

reform the primary connectìng staìk, the primary dilatatjon and the

pedìceì. This pattern is repeated in subsequent gonotroph'ic cycìes, and

thus parìty status can be measured by the number of dilatatjons jn an

ovariole. When abortìve oogenesis occurs ìn place of normal oogenes'is,

the resul ti ng number of di I atati ons per ovari ol e stj I I refl ects the
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parity status of the female.

Lange and Khok (1981) proposed a very d'ifferent hypothesìs. They

belìeve that a sacculate ovarìole shrinks to form a terminal (basal)

sac. The ovariole and'its singìe terminal sac has the same appearance

after one, or any number of egg producing cycles (normal oogenesìs).

D'ilatatjons formed in prevìous cyc'les by abortjve oogenesis, d'isappear

after a subsequent cycle of normal oogenesjs in that ovariole, leaving a

single term'inal sac. They beljeved that accurate parity assessment

depends on finding ovarioles whjch have compìeted abortive oogenesjs'in

every cyc1e. These ovarioles may be recogn'ized by the'ir intact pedìce'l .

The latter hypothesis explains the rapìd reduction'in the number

of diagnostic ovarioles whìch regularìy occurs wjth increased parity

status" Lange and Khok's (1981) hypothesjs js further supported by

Anufrjeva and Artem'ev (1981), Hoc and Charlwood (1990) and Sokolova

(1981, 1983).

The objectjves of the current study were to assess the extent of

follicle resorption in nulì'iparous Cs. inornata (t{'illiston), and to

determine the frequency of diagnostjc ovarioles and other ovarjole types

jn nulì ipars, 1-pars, Z-pars and 3-pars of known oviposition hjstory.

The results were used to develop base-'ljne crjterja for parìty

diagnosìs, thereby reducjng the potential for d'iagnostic emor

assocj ated wj th rogue ovari ol es.
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ffiaterìals and Methods

Rearing conditions

Adults were reared from 136 egg rafts collected from artjfjcial
pools at Glenlea, Man'itoba, usìng the methods described by Brust (1990).

The study was begun jn June 1989 and completed in September 199i.

In the fol I 'icl e resorpt'ion study the I arvae were counted as second

instar and reared at a density of 400 per 2l X 32 X 7cm poìypropyìene

pan. Larvae and adults were maintajned at a photoperiod of 161:8D and a

temperature of 21.010.2"C, except in 1989 when adults were mainta'ined at

a temperature of 24.0!0.2'C.

In the known oviposition study, larvae were reared at a density of

four egg rafts per pan and adults and larvae were maintajned at a

photoperiod of 17L:7D and a temperature of 2l!1'C. Adults emerged and

mated jn 30 X 30 X 30cm Plexiglas' cages.

Larvae were fed an excess of fìne'ìy ground bovine liver powder

(lCN Bjochemjcaìs, Inc.) and adults were provìded with 10% sucrose

solut'ion. The sucrose solution was replaced with water two days prior to

blood feedjng and returned after blood feeding. Females were offered

human blood for 30-60 mjnutes in a 15.0 x 2.5 x 2.5cm screened cage

strapped to the arm. Nulliparous females were blood-fed 2-13 days post

eclosion and parous females the day after oviposition. Nulì ìpars wìth

the abdomen djstended wjth blood (50% or more), and alì blood-fed pars,

were used jn the experiments.

For oviposition, a s'ingle gravid female was pìaced'in a screened

cage, which was partìaììy submerged in water" Females rvere placed in
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these cages five days after blood feedìng, and were left from 1-3 days

to ov'iposìt.

Dissection nethod and the blind test

Anautogenous nulf ipars were dissected at 6-34 days post eclos'ion

for the follicle resorption study, and at ( 12 days post ecìosion for

the known ovìposìtjon study. Females were scored as autogenous if any

follicle had developed beyond stage IIb (Brust 1991). The follicle

stages referred to are those descrìbed by t¡latts and Smith (1978). Some

researchers recogn'ise a germarium and a stage N follicle. In this study

the germarium was considered synonymous wìth the stage N follicle.

Autogenous nullipars, which were infrequent, were excluded from the

study. Sucrose-fed nullìpars where d'issected at 6, 12,18, 26 and 34

days post eclosjon. Data collected from nulìipars greater than 12 days

of age were not used to develop the diagnostic criteria. Parous females

were dissected 2-3 days after ov'ipos'ition.

Each femal e was aspì rated 'into a part'ial ly f i I I ed v'ial of

di sti l l ed water, wh j ch was brì efly agì tated. The jmmobi l 'ized femal e htas

transferred with forceps to a gìass slide containìng a drop of

physiological sal'ine (Hagedorn et al.1977). The abdomen was removed

us'ing a minuten pìn embedded in a swab stjck. After this, a pair of

dissectjng needles v\,ere the only tooìs used untjl the cover sf ip was

app'l ì ed.

To reveal the ovaries, the terminal abdomìnal segments were

removed, and when necessary the pleural membrane was torn aìong one side
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of the abdomen. Both ovarjes were then transferred to one drop of fresh

sal 'ine on a cl ean sl i de.

One needle was entangled 'in the trachea whjch enter the ovary. The

other needle uras used to gently fljck the first needle, and vibrate the

ovary untjl the ovarjoìes separated from the calyx and dispersed

throughout the saline (Hitchcock 1968). Small cìumps of ovarioles whjch

broke away were treated ìn a s'imjlar manner. 0ccasjonally the ovarian

sheath had to be torn prìor to vibrating the ovary. These procedures

were carnied out at 12X magn'ificatìon, usìng a dissectìng mìcroscope.

The preparation was covered with a #1, 22nn g'lass circle, cover

sìip supported on the edges by broken pieces of a #2 cover slìp. This

ensured that ovarioles were not depressed or lost to the edge. The

ovarjoles were viewed with a phase contrast photomicroscope at 100-400X

magnification. A detailed record was made of structural features of the

ovarjo'les, whjch jncluded the condjtjon of dilatations and pedicels.

Ped'icels were scored as absent ìf they were less than two pedicel cell

equìvalents'in ìength, and cellular when they had at least two adiacent

pedice'l cells wh'ich were structural'ly sound. Pedicels which did not fit
the cel I ul ar category were scored as acel I ul ar.

Diagnostic criteria were deveìoped us'ing three parameters: (1) the

mjnjma of O-djlated ovarioles found in null'ipars versus the maxima of 0-

dilated ovarjoles found 'in pars, (2) the minjma of l-d'ilated ovarioles

found in pars versus the maxima of rogue ovarioles found jn nul'lipars,

(3) the mjnima of Z-djlated ovarjoles found ìn 2-pars versus the maxima

of rogue ovarioles found ìn l-pars.
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The bljnd test was comprjsed of 25 null'ipars frozen at 6-8 days

post eclosion, and 27 one-pars and l0 two-pars frozen 2-3 days post

ovìpos'ition. Females were labelled usìng random numbers and then mixed

and dissected as unknowns. The dissector (who was another research

worker) was aware that the females were either nulljpars, 1-pars or 2-

pars .

Defi ni ti ons

Pedi cel

A pedicel js a narrow stalk of variable length whjch may be

cellular or acellular (degenerated). The ped'icel connects the primary

follicle to the caìyx (centraì tube of the ovary) 'in an ovariole wjth no

dilatation. The pedìcel connects the primary dilatatjon to the caìyx in

an ovariole with one or more d'ilatations (adapted from Bertram 1962). A

pedice'ì js only found in ovarioles which have never ovulated (Lange and

Khok 1981 ) .

Prinary connecting stalk

The primary connecting stalk connects the secondary follicle to

the dilatatjon in 1-dilated ovarioles. The secondary connecting sta'lk

connects the djlatations jn 2-dilated ovarjoles, etc. (Bertram 1962).

Degenerati ng fol I i cl e

The foll'icle begins to collapse and/oris partìaìly devojd of

contents (foì ì ì cì e ceì 1 s, trophocytes and oocyte) . The degenerati on of

stage N-IIb follicles is known as early stage degeneratìon; the

degeneratjon of follicles developed beyond stage iIb is known as late

stage degenerat'ion (adapted from Gig'lio'lj 1965).
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Di I atati on versus degenerati ng fol I i cl e

A dilatation is a localjzed swelling at the prevìous site of a

follicle (Bertram 1962). A degenerating folljcle is recorded as a

dilatation when it shrjnks to < the wjdth of the next developing

follicle. This definjt'ion only applies when the next follicle is stjll
at stage N (F'ig. t).

Relic

A dull to bright yellow mass within the djlatatjon (viewed with

phase contrast at 100-200X magnìfjcation). The reljc is larger than the

average pedìce1 cell (a'lì dilatations in F'igures except F'ig. 14).

Basal di I atati on

A basal dilatatjon (Gigìioìì 1965) js furthest from the foll icle.

It has a reljc and the ovariole has no pedicel ('lower ovarioìe Fig. 10,

Fìg. 16) .

Nornal and abortive oogenesis

Normal oogenesis 'is the development of a restìng stage folljcle

into an egg. Abortive oogenesis'is the degeneration of early or late

stage foll'icles jn females committed to normal oogenesìs (Detinova

1e62).

n-dil ated ovari oles

A O-diIated ovariole has no diIatation and a pedice'l of at Ieast

six adjacent cells (Fig. 5, Brust unpub'lìshed). The 0-djlated ovariole

is the diagnostìc ovariole jn nul'lipars. A 1-djlated ovariole has one

djlatation and may or may not have a ped'icel. A Z-djlated ovarjole has

two dilatatjons, etc..
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Diagnostic ovariole

This is an ovariole where the number of d'ilatations in the

ovariole is equ'ivalent to the parity status of the female. The pedìceì

js intact and consequently a'll dilatations were formed from abortive

oogenesis (Lange and Khok 198i). The prìmary dilatation (furthest from

the follicle) may be a basal djlatation (termìnal sac), jn thjs case the

ovariole ovulated in the first gonotrophic cycle (Anufrieva and Artem'ev

1e81 ) .

The diagnostic jndex (index of diagnostìc rel iabjl ity) js the

proportion of dilated diagnost'ic ovarioles in the ovarjes (Lange and

Khok 1s8l).

Saccul ate ( saccate) ovari ol e

The sacculate ovarìole is formed at ovulatjon. The sac eventually

shrjnks to form a basal dilatatjon (Giglioli 1965, Sokolova 1981, F'igs.

2, 11).

Rogue ovariole

An ovariole wh'ich causes an overest'imation of parity status.

(Figs. 1, 6, 9, 14, 17).

Cl ub-shaped ovariol e

An ovarjole w'ith a rudjmentary stage N follicle attached to a

longer than average pedìce'l or connectìng stalk (adapted from Sokolova

1981, Fig. 8).
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Resul ts

Follicle resorption (21"C) in 6-34 day old nullipars

The number of 0-dilated ovarioles (F'igs. 5, 7) found in 50

null'ipars ranged from 4-126 per femaìe over 34 days. 0n average there

were fewer 0-diIated ovarioles jn older females (Tab'le 1).The mean

maximum number of pedìceì cells'in any 0-dìlated ovariole (per fema'le,

n=47) was 10.910.4 (6-16) cells.

At least 50% of nuì'ìipars (per sample day, Table 1) had one or

more rogue ovarìoles (Figs. 1, 9). The maxjmum number of rogue ovarioles

in any nulljpar was 31. Nullipars I 12 days old had no 2- or 3-dilated

ovari ol es and a mean of 87.9 zero-dj I ated ovari ol es (Tabl e 2) .

All follicles of 0-dilated ovarioles and 39.6% of foll'icles of l-
djlated ovarioles (Tabìe 1) were developed beyond stage N (Appendix I).

Stage IIb follicles were found in 60.7% of 18-34 day oìd nulììpars. Two

nu'll 'ipars (day 26 and 34) had one cì ub-shaped ovar j ol e w j th one and

three di I atati ons.

Nullipars (< 12 days old), and known l-pars,2-pars and 3-pars

The frequency of diagnostic ovarioles (Figs. 3, 4, 5, 10, 13, 15)

declined wjth increasìng parity status. Ten per cent of 2-pars and 20%

of 3-pars had no d'iagnostic ovariole. Sixty per cent of 3-pars had no

diagnostic ovarjole, when dìagnost'ic ovarioles which lacked a pediceì

were excluded. At least one rogue ovariole was found'in 50% of

nullipars, 42% of l-pars (Fig. 6) and ?B% of 2-pars. None were found in

3-pars (Tabl e 2).
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The djagnost'ic index (%) was 46.I!2.1 (12.3-103.6) for l-pars

(n=47), 6.811.0 (0-24.4) for 2-pars (n-44) and 0"910.3 (0-1.6) for 3-

pars (n=5).

The rat'io of the mean number of l-dilated : O-dilated ovarioles

was 0.01:f in nulììpars,4I:1 jn l-pars and 88:1 in 2-pars (Tabìe 2).

The frequency of 2-dilated ovarioles was h'igher in 3-pars (Fig. 16) than

ì n 2-pars (Tabl e 2) .

Pars had folljcles developed beyond stage N but not beyond stage

(apart from females with retained eggs, see be"low); 5.3% of pars had

folljcle at stage II.
Club-shaped ovarjoles were found in 26.3% of l-pars and 42.0% of

Z-pars. The mean number of cìub-shaped ovarioles per female Ì¡Jas 2.0t0.4

in l-pars and 2.410.4 ìn 2-pars. The max'imum number of dilatatjons found

in any cìub-shaped ovariole was three. Club-shaped ovarioles were not

used to develop the diagnost'ic criterja, because the penultjmate

"dilatation" did not f it the defin jtion of a d'ilatat'ion (Fig. 8). 0nly

three females had c'ìub-shaped ovarioles which were rogue ovarioles (by

one diì atatìon).

Autogeny and fecundíty

No autogeny was found 'in 10-12 day o'ld females (n=i18) and I.2%

autogeny was found in 17-19 day old females (n=165). One autogenous

female had six eggs.

Three autogenous females were found on day 26 (Tabìe l, n=13) of

the follicle resorption study, one had fjve and one had six eggs. Ten

per cent of females (n=l00) majntajned at 24'C were autogenous
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(Appendìx I); fjve of these had a mean of 21.0!+.7 (5-34) eggs.

There lvas a decrease in fecundity wìth increas'ing parity status

(Table 3).Nine per cent (I0lll2) of pars retained a mean of 2.1!0.6

( 1-i) eggs after ovi pos'iti on. 0ne 1-par wh j ch had reta'ined three eggs

had 14 stage IV fol I i cl es.

0variole conposition: nullipars, 7-pars, 2-pars and 3-pars

A comparìson of ovario'le types jn females of djfferent parity

status, djd not reveal trends in ovarjole composjtion (Tables 4,5)

which could be used as diagnostic crjteria. The presence of a ped'icel in

1-djlated ovarioles, and pedicel cell counts (Tabìe 4), were useful as

separation indjcators (see below).

One-dilated ovarjoles with a pedìce'l of < 2 pedìceì cell

equivalents (top ovariole F'ig. l0) were ìnfrequent. They were classed

wi th 1-dj I ated ovari ol es wi th basal di I atati ons (Tabl e 4) , because i t
was djfficult to judge whether or not the (pediceì) remnant was in fact

the pedicel or other tjssue.

Pedicel cells were well defined in 0- to z-dilated ovarioles of

nuììipars (Fìgs. 1, 7,9,14). Acellular pediceìs in di'lated ovarioles

of pars ranged from being crìmped (Fig. 4) to cylindrìcal in part (Fig.

6,13). There ¡,as a progressive degeneratjon of the pedìceì and

connectjng sta'lks in many 2-dilated ovarioles (Fjgs. 13, 17).

Trends wh'ich djfferentiated 2-djlated ovarjoles of 1- and 2-pars

were folljcle stage, and the quantity and quafity of cells in the

primary connect'ing sta'lk (Tabìe 5, compare Fig 6 and 13).
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The proporlion of 2-diloted ovorioles with stoge N follicles wos smoller in 2-

ond 3-pors Thon it wos in l-pors Ooble 5), The proportion of 3-diloted ovorioles

with o stoge N follicle wos similor in 2- ond 3-pors,

Diagnostic criterio

I Nullipors hod > 25 zero-diloted ovorioles,

2 Pors hod > l5 one-diloted ovorioles,

3 Two-pqrs fit criterion no,2 ond hod > 5 two-diloted ovorioles,

4 The number of 2-pors x 1.43 occounts for the number of 2-pors

misdiognosed os l-pors,

Seporotion indicotors

I .l2.2"/o of l-diloted ovorioles in nullipors ond BB,1% of l-diloted ovorioles in l-

pors hod no pedicel,

2 64.6% of l-diloted ovorioles in nullipors ond 0,5% of l-diloted ovorioles in l-

pors hod o pedicel of > 5 odjocent cells,

Femoles used to develop ihe diognostic criterio fit criterio I ond 2 in 99.2%

(n=ì32) of nullipors ond pors, Sixty-three nullipors reored oi o temperoture o'Í 24C

(Appendix l) ond dissected ol2-14 doys of oge fit the diognostic criterio, Femoles

used to develop the diognostic criteriq fit criterion 3 in 98,2% (n=57) of 1-pors ond

7O,0To (n=50) of 2-pors, The presence of o 3-diloted ovoriole in o 2-por increqsed

confidence in clossificotion, Three-diloted ovorioles were not used to diognose 2-

pors ond were ignored when the correction foctor wos determined, The

correction foctor wos colculoted from the totol number
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of 2-pars (n=50) djvr'ded by the number of 2-pars whjch fit dìagnostìc

criterion 3 (n=35, Append'ix II). Three-pars fjt criterjon 3 and would be

di agnosed as 2-pars j n an samp'le of unknowns . Th'i s woul d af fect the

effìcacy of the correct'ion factor.

One-dilated ovarioles with connecting sta'ìks of > 5 cells (Fjg.

1i) were frequent'ìy found ìn i-pars with 0-dilated ovarjoles. It js

possible that some of these ovarjoles broke (durìng d'issectìon) at the'ir

junction with the di'latation, and were erroneously classed as 0-djlated

ovarjoles. None of the primary connecting stalks (apart from club-shaped

ovarjoìes) had > B cells.

When the O-dilated ovarjole was defined by > 9 pediceì cells,64%

of 12 day old nullipars (n=25) d'id not fjt the dìagnostjc cniteria, and

38% of these had l 5 zero-dilated ovarioles. t^lhen the 0-dilated ovaniole

was defined by > 6 cells'in the same group of femaìes, 12% of females

did not fit the diagnostic crjterja, none of these had ( 5 zero-djlated

ovari ol es .

The bl i nd test

Th'is test cons'isted of needl e di ssecti ons of ovari es of 62

previousìy frozen females. Three were excluded because they had < 5

zero-djlated ovarioles and ( 5 one-dilated ovarjoles. Fìfty-sjx females

were correct'ly classed as null'ipars or pars. Sjx of these did not fit
the djagnost'ic criteria and were separated usìng the separatjon

jndicators. 0ne 2-par (n=10) was correctly diagnosed.
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Di scuss'ion

The problen of age underestination and age overestinatíon

Underest'imation and overestimation of gonotrophìc age in

mosquitoes are obstacles to the confident appl'icatjon of Polovodova's

(1949) method for determining parìty status (Lange and Khok 1981).

Polovodova (1949) equated the maximum number of dilatat'ions

(thickenìngs) ìn any ovarioìe, to the parity status of a mosquito. Age

underestimatjon can be m'injmjzed by careful d'issection and the ana'lysis

of all ovarjoles, and by the examinatjon of known oviposjtion cycles to

determine when age estimation is subject to error (Lìu 1968). The

analysis of all ovanioles would also maximise the potential for age

overestjmation. The smalì proportion of rogue ovarioles jn nullìparous,

1-parous and 2-parous Cs. inornata demonstrates the potentìaì for age

overestimation in this species. Rosay (1969) and Rejsen eú a7. (1989)

reported djlatat'ions in laboratory-reared anautogenous, null iparous Cs.

inornata. Relatively ljttle has been pubìished on the condjtion of the

ovarioles jn known nulljparous and parous Cs. inornata, despjte the ease

wjth which th'is specìes may be colonized (l'lcl'intock 1952, Owen 1942).

The potential for age overest'imat'ion usìng Polovodova's (1949)

method was hjgh ìn 0- to 2-parous Cs. inornata.Age overestimat'ion was

reduced by the development and appl jcation of d'iagnostìc crjterja. The

potentìaì for age underest'imation was hìgh ìn 2- and 3-parous Cs.

inornata. The parity diagnosìs of 2-parous Cs. inornata was affected age

overestimat'ion and age underestjmatjon. Age underestjmatjon was offset

by the correctjon factor.



37

Ðiagnostic ovarioles and the diagnostic index

G'igl i o'l 'i ( 1965) reported that repeated cycì es of normal oogenes'i s

jn wild Anopheles nelas Theobald, resulted'in the formatjon of a single

basal d'ilatation. Gigììo1i (i965) found that abortive oogenesis in An.

nelas rarely occurred 'in the first cycle, which made age est'imation

presumptìve. Lange and Khok (1981) used the terms dìlatation and sac to

specìfy abortive and normal oogenes'is respectìvely, and therefore

restricted the tradjtional use of the term dilatation (Beklemishev et

al. 1959 and others).

The proportion of ovarioles with distinct terminal sacs was low in

parous Cs. inornata (genera'ì observations). The use of the term,

term'inal sac, defined by Lange and Khok (1981), epìtomises normal

oogenesìs. The term basal d'ilatation (Gigliolì 1965) was adopted so as

to avo'id m'isÍnterpretation. The scarcjty of djstinct term'inal sacs in

parous Cs. inornata may have been due to dissection technique, anatomy

of the species studied, and/or time lapse between oviposit'ion and

djssect'ion. Sokolova (1983) reported that termjnal sacs began to lose

thejr distinct'ive appearance i-7 days after ovjposìtion. The proportion

of ovarioles with distinct termjnal sacs was hìgher ìn gonotrophically

older Cs. inornata (general observations). This was possìbly due to

increased (cumu'lative) fecundity, and/or a reduct'ion in the elasticity

of the ovar j an t'issue. Spencer ( 19i9) reported reduced el ast'icì ty i n the

ovanian tissue of wild 3-parous Anopheles farauti Laveran.

Lange and Khok (198I) developed the dìagnostìc index, which js the

mean proportj on of (di ì ated) di agnostì c ovari ol es found i n succeed'i ng

gonotrophic cycles. The proportion of females which lack dìagnostic
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ovarjoles (age underestjmation), and the proportion of females which

possess rogue ovarioles (age overestimat'ion) cannot be determined from

the index. In Cs. inornata, the d'iagnostic index decl'ined wjth

increasing gonotrophic age. Th'is t,rras cons'istent wjth the l'iterature,

apart from Anopheles hyrcanus Pallas (Anufrieva and Artem'ev 1981). The

value of the jndex for interspecìes comparison, is limìted by

differences in dissection method and definjtion of the dìagnostic

ovari ol e.

Detjnova (1962) stressed the need to find the (dìagnostic)

ovariole wjth the maxjmum number of djlatations and a ped'ice1. The

ovarjo'le type that Lange and Khok (1981) used to determjne thejr index

of djagnostìc reliability was essentiaììy the same. However, their

understanding of how it was formed and the sìgn'ificance of thìs to age

grading stud'ies, was very different. The number of ovulations associated

w j th a term'inal sac j s specu'lat j ve 'in femal es whi ch I ack Lange and

Khok's (1981) dìagnostjc ovariole (Hoc and Charlwood i990). Anufrieva

and Artem'ev (1981) counted d'iagnostic ovarjoles wjth djlatat'ions and a

pedicel, and dìagnostjc ovarioles wjthout a pedicel. Th'is approach was

applied to Cs.inornata ('in the current study) so that the overall count

of djagnostic ovarioles would be (artìfjc'ially) higher, and the

frequency of age underestimat'ion'in gonotrophically older females would

be lower. A hìgh count of diagnostìc ovarjoles increased the overall

confidence in parìty diagnosìs, and made it possjble to raise the base-

I ine d'iagnostic criterìa, to account for rogue ovarioles in the

precedi ng cyc'ìe.

The efficacy of Lange and Khok's (1981) dìagnost'ic ovarioìe,
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undergo abortive oogenesis. This assumption appeared to be true in
gonotrophicaììy younger cs. inornata. The few 0-dilated ovarioles in l-
pars and 2-pars, may have been 1-dilated ovarioles wjth long connecting
stalks that broke (cìose to the djlatation) during d.issectjon. However,
if a follicre is quiescent in any cycìe (Fig. tz) and diagnostic
ovariores are nonexistent, the assumption courd resurt in diagnostic
err0r.

Lange and Khok (rggi), and Bekremishev et ar. (r959) reported that
normal oogenesis can follow abortìve oogenesis jn the same ovariole in
subsequent cycìes' The random nature of normal oogenes.is reduces the
diagnostìc index in gonotrophicaììy oìder femares (Lange and Khok tggl).
However, Gig'l iol i (1965) bel ieved that when abortive oogenesjs occurs in
An. nelas, it js rikeìy to contjnue in the same ovarjore jn subsequent
cyc'les' Gilljes (personal communicatìon) believed that normal oogenesis
ìs'largeìy random, but that a smail number of ovariores exist in some
anopheìines to which this rule does not appry. The presence of a

d'iagnostic ovariore in a r z-par (Giries and ldirkes r965) supports
Gillies'hypothesis. sokorova and Lange (rgg9) speculated that a

developmentaì defect may cause some ovariores to consistenily resorb
each deveìopìng foll icle.

The frequency of the dirated diagnostic ovarioìe appìied to cs.
inornata wourd be affected by random oogenesis after the second
gonotrophic cycre, whereas the frequency of Lange and Khok,s diagnostic
ovarìoìe, which has a pediceì, wourd be affected by random oogenesis
after the first cycìe. Evidence that normar oogenesis can foilow
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abortive oogenesìs'in the same ovariole, was seen ìn autogenous Cs.

inornata" Autogenous females lajd small egg rafts jn the first
gonotrophic cycìe (Appendìx V), and were blood-fed and laid larger egg

rafts in the second cycle. it was assumed that the majority of folljcles

were committed to abort'ive or normal oogenesjs jn the autogenous cycìe

(Beììamy and Corbet i973). If this assumptjon is correct then reduced

fecund'ity, or a reductìon'in fecundjty with each ovìposition cycìe,

i ncreases the probabi ì ì ty of fi nd'i ng di agnostì c ovarj ol es j n

gonotroph'ical I y o'lder femal es .

The numbers of adjacent cells jn the connectìng stalk and the

pediceì vary among species. The connecting stalk js always shorter than

the pedìcel in some species (Gig'lìoìì 1965, Gozhenko 1980), whereas in

others there is some overlap (Hoc 1975). Brust (personal communjcation)

found that 1-parous Culex tarsaTis Coquillett, had i-djlated ovarjoles

with primary connecting stalks of less than six adjacent cells. Brust

assumed that ovarioles with at least six pediceì cells and no

diiatation, would not be l-d'ilated ovarioles which had broken durìng

di ssecti on.

The appl jcation of the 0-dilated ovariole to the parìty diagnosìs

of Cs. inornata, t^tas limited by its ìow frequency ìn older nullipars,

and by the variable length of the primary connect'ing stalk in l-dilated

ovarj ol es. Desp'i te these drawbacks, the frequency of 0-dj I ated ovarj ol es

provìded a quantitative tool for the dìagnos'is of nulljpars. Prior to

thi s, the quantì tati ve d j agnosi s of nul I i pars re'l 'ied on the absence of

dilated ovarjoles or sacs. The number of pedicel cells which best define
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the 0-dilated ovarioìe probab'ìy varìes among species, and may not be

applicable in some cases.

Developnent and application of the diagnostic criteria

Criterja for parity diagnos'is were developed from the relatjve

frequency of 0-di I ated ovari ol es i n pars, rogue ovarj oì es, and

diagnostjc ovarioles. The separatjon jndicators prov'ided useful clues

when the diagnostìc criteria could not be appììed. it was assumed that

in nature, females would blood-feed withl'n l2 days of adult eclosion.

Anufrieva and Artem'ev (1981) calculated the minimum number of

dìagnostic ovarjoìes required to separate l- to 4-parous Anopheles

pulcherrimus Theobald and ,4n. hyrcanus. They calculated these mjnima

from the dìagnost'ic index and potential fecundity of the species. It was

not clear how, or why they d'id thjs. There was no evidence of rogue

ovarioles jn these species and the jncjdence of age underestjmatjon was

less than one per cent.

The djagnostìc criteria for Cs" ínornata provìde a base line for

parity d'iagnosjs. The criteria reflect the minimum number of djagnostìc

ovarioles found jn a parous class, wh'ich can be used to differentiate

gonotrophically younger females with rogue ovarjoles. Any ìncrease jn

the number of d'iagnostì c ovari ol es woul d i ncrease conf jdence 'in

classjfjcation. In theory, the base line can be reinforced by adult

feeding cond'itjons. The provis'ion of sucrose is known to'increase

fecundjty 'in a number of mosqu'ito specìes (Nayar and Sauerman 1975).

Thjs would onìy be effect'ive ìn the fjrst cycìe if Lange and Khok's

(1981) dìagnostjc ovariole were used. Therefore the base-l ine djagnostìc
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cniteria established for Cs. inornata were not affected by se'lectìng

nullipars which had imbibed a spec'ific quantity of blood.

Diagnost'ic crjteria i and 2 fit all the females from wh'ich they

were extrapolated, apart from a 1-par whjch had 26 zero-dilated

ovarioles and 25 1-dilated ovarioles. The accurate separatjon of w'ild 1-

and 2-pars using the dìagnostìc criteria and the correct'ion factor, is

dependent on the correlation between ovarìole type frequency jn wjld and

laboratory-reared specìmens. This is less critical for the separat'ion of

nul I j pars and pars, where a major constra'int 'i s the assumpt'ion that

nullipars are I 12 days of age.

Further study should focus on applying the dìagnostic criteria to

fjeld popuìations, and'increasing the data on ovariole type frequency'in

females of known ovìposition h'istory. Three- and 4-parous Cs. inornata,

which are known to occur in the wild (Meyer et al. 1982, Meyer and

l.lashino 1978, Reisen et al. 1989) may be few'in number. Therefore, from

an epidemiolog'icaì perspectìve, they may be less important than l- and

2-pars .

The results of the bl'ind test, especially for Z-pars, were

disappoìntìng. The poor results were attributed to ovario'le breakage

caused by freezing the spec'imens. The specimens were frozen so that all

the parity classes could be dissected s'imultaneous'ìy. The use of frozen

specìmens for djssectjon js definitely not recommended. The test results

were an improvement on a previous test (Meyer et al. 1982) in whjch

known nulliparous and 1-parous Cs. inornata were separated usìng

Polovodova's method (Gjgl io1 j 1963b) .



43

The recognition of rogue ovarioles

Folljcìe stage and frequency, the contents of a dilatation, and

the condjtion of a pedìceì or connectìng stalk, are features whìch may

contribute to the recognjtion of a rogue ovariole. Hoc (1975), Sokoìova

and Lange (1989) and others, reported that pedìcels of dilated ovarioles

were cellular in nullipars and degenerate in pars. This phenomenon was

quanti f i ed j n Cs. i nornata, and the proport'ion of 1-dl'l ated ovarì ol es

with cellular ped'iceìs, lvas used as a separation indicator when the

d'iagnostic criteria were inappì icable. The scorjng of pediceì cells as

structuralìy sound versus degenerat'ing was subjective. The pedìceì cells

of 1-dj I ated ovarj ol es i n nul 1 i parous (anautogenous) Cs. i nornata had

seldom degenerated (general observations). The dilatations jn these

ovarjoles would be formed from early stage degeneration (see

defjnitìons). It is possible that the degeneration of the pediceì 'is

affected by foìlicle stage and hormonal factors.

The data collected from rogue ovarioles in Cs. ínornata was not

used to develop separation indicators for 1- and 2-pars. Folljcle stage

and the condjt'ion of the primary connecting stalk, may be useful

features for di fferentì ati ng 2-d'i I ated rogue and dì agnostì c ovari ol es.

0varíole types, terns and definitions

The appì icatjon of terms and definitions establ jshed 'in age

gradìng studìes is complicated by the need to servjce two conflìcting

hypotheses. Detjnova (1962), Hoc and Charlwood (I990), Lange and Khok

(l98l), Sokolova (1981) and others, descrìbed ovariole types which

conform to explanatjons of hypotheticaì development. The defjnjtion of
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ovarìo'le types for parìty diagnosis need not accurately conform to

actual developmentaì processes prov'ided that they work for parity

diagnosis.

The terms agonotrophic and gonotrophic are well established in the

Russjan literature (Gozhenko 1980, Lange and Khok 1981, Sokolova and

Lange 1989). The dilatations of rogue ovarioles in nulì'ipars would be

agonotroph'ic. However, the descriptìon of dilatations in parous females

as agonotrophic ìs presumptìve. Lange and Khok (1981) did not have a

method for differentìat'ing agonotrophic and gonotrophic djlatatjons. Hoc

and Charlwood (1990) assume that one gonotrophjc dilatation is formed

per ovariole per gonotroph'ic cyc'ìe. The duration of the gonotroph'ic

cycle is jnfluenced by a number of factors, including temperature and

the location of a sujtable ovìpositjon sjte. The increased occurrence of

rogue ovarioles as nulljpars age, suggests that rogue ovarjoles are more

ljkely to form during 'long, rather than short, gonotrophic cycìes.

The possibjlity that more than one djlatation could form from one

'late stage degenerating foìlicle, made the counting of proximal

dilatations questionable. In the current study, proximaì dilatatjons

wh'ich were not separated by a discrete section of connecting stalk were

rare. When they did occur, the following guidel'ine was applied: the

djameter of the constnict'ion definìng the dilatations should

approximately equa'l the diameter of the pediceì or connecting sta1k.

Th'is was djffjcult to judge when the whole ovarjole could not be viewed

sìmultaneously. Borderljne cases were judged in favour of the 'larger

number of di I atati ons.

In the current study the term sac t,rras onìy appljed to sacculate
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ovarioles (however, see Chapter IV, pp. 66, 68, 72). The termjnal sac

(basal djlatation) descrjbed by Lange and Khok (1981) and Anufrieva and

Artem'ev (1981) had a relic (yeìlow body) whereas Hoc and Charlwood

(1990) did not mention reljcs in thejr descriptìon of the termjnal sac.

The counting of sacs (Lange and Khok 1981) or sacculate ovarjoles,

prov'ides an estimate of fecundity (Anufrjeva and Artem'ev 1981, Hoc and

Charlwood 1990). The fecundity of Cs. inornata was determined from known

oviposit'ion stud'ies and the use of ov jpos'itìon pool s (Brust 1990, Buth

et al. 1990) .

Small ovarioles were apparent in Cs. ínornata, aìthough an attempt

to define them on the basjs of foll'icle iength was abandoned because of

thejr low frequency. Hoc and Charlwood (1990) found dwarf ovarjoles in

wild,4edes cantans Meigen. Contrary to Gilljes and tljlkes (1965), Hoc

and Charlwood (1990) beljeved that dwarf ovarjoles were unreliable for

parìty dìagnosis.

Sokolova (1981) ìdentified numerous ovariole types in pars, whìch

included small, normal and club-shaped ovarioles with combjnations of:

degenerating foì I icles, pregonotrophjc dil atatìons, agonotrophìc

dilatatjons and gonotrophic dìlatations. Sokolova (1981) defined the

club-shaped ovariole as an ovarìole without a foll'icle whìch may or may

not have a functional germarium. In the current study the definitjon was

restrjcted to ovarioles with a rud'imentary stage N folljcle, whìch is

equivalent to Sokolova's (1981) non-functional germarium.

Spencer (1979) and Sokolova (1983) reported that compressed

follicular debrìs, from successjve cycles of ovulation, can be seen as

distjnct granular zones jn the basal dilatation (terminal sac). Sokolova
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( 1983) found di I atati ons between the fol I i cul ar tube and the ovari ol e

sheath, and bel'ieved that these were torn (pushed aside) from the

fol I j cul ar tube when normal oogenesi s fol I owed aborti ve oogenesi s. These

were cal 1 ed vestìgi a1 di I atati ons (Soko'ì ova 1983) "

Sokolova (1983) proposed a combjned (combinat'ive) method of parìty

dìagnosis. Th'is rel jed on the agreement in diagnosjs of ovarjoles with

djfferent combinat'ions of: granu'lar zones, gonotrophìc dìlatations, and

vestìgial dilatat'ions. Spencer (1979) used granular zones and

di I atati ons to age grade ,4n. f arauti .

Spencer (19i9) and Sokolova (1983) ìnterpreted thejr experimental

results from djfferent perspect'ives, which were based on the (then)

current hypotheses concerning the formatjon of dilatatjons. There was no

evidence of granulat'ion zones and vestigial djlatatìons jn Cs. inornata

usìng the vibratjng needle method (personal observat'ions).

The choice of di ssection nethod

The v'ibrating needle method (Hìtchcock 1968) and the ojl injection

method (Hoc and Charlwood 1990) perm'it the analysis of all ovarioles at

hìgh magn'ificatjon. The dissection method used by Beklemjshev et al.

(1959) had the advantage of be'ing able to analyse ovarioles'intact, but

at low magnifìcatjon and generaììy in small numbers. Thjs lowers the

probabil ity of encounterìng rogue ovarioles. The dissection method could

affect the interpretatjon of the ovarjes. The method of Beklemishev et

al . (1959) re'ljed on the stretching of ovarioles. Giglìo'ìì (1965) found

evidence of serial dilatations in stretched sacculate ovarioles of

mul tiparous An. nacul i penni s.
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The v'ibrat'ing needle method is relatjvely quick and sìmp'le, which

js'important if a large numbers of mosquìtoes are to be djssected.

However, there is no way to est'imate the number of ovarioles which break

at the'ir junction with the calyx. This prob'ìem may be reduced using the

ojl injectjon method (Lange and Khok 1981).

The smal'l proportion of nullipars, whjch did not fit the

dìagnostic criteria,'is an'ind'icat'ion that the method (or the

defin'itìon) ìs fallible. The pedìceìs in ovarioles wjth large follicles

(associated wjth older nullìpars) may have a tendency to break close to

the follicle. Careful d'issection is ìmportant, especially when the

ovarioles are beìng dìspersed. The provision of secondary diagnost'ic

criteria (Chapter IV) for Cs. inornata may be appropriate.

The node of ovulatíon: conflicting hypotheses

The hypothesis of Lange and Khok (1981) and Gigl ìol j's (1965)

observations'in An. nelas, that the sac shrinks after any number of

ovulat'ions to form a singìe termjnal sac (basaì d'ilatation), was not

proven for Cs. inornata. However, the reduction in the number of

diagnostic ovarioles with jncreasìng gonotrophic age jn Cs. inornata,

and the hìgh proportìon of d'ilated ovarioles'in pars which lacked a

pediceì, are an indication that thejr hypothesjs is valid for this

speci es.

Beklemjshev eú a/. (1959) assumed that ovulation occurred vja the

expanded pedicel which then reformed. Spencer (1979) bel'ieved that the

pedìce'l djd not always reform after the first ovulatjon. Hoc (1975)

found a termjnal sac after ovulatjon whìch opened jnto the ca'lyx.
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The sac was formed from degeneratìng follicular epìthelium and the

tun'ica. Hoc (i9i5) bel'ieved that the degeneration of pedice'l cells

durìng the gonotrophic cycìe was'in preparation for ovulatjon. Lange and

Khok (1981) reported that the ped'iceì was lost forever after ovulation.

Lehane and Laurence (1978) reported that the caìyx extended around

the egg (primary follicle) and breaks appeared where the calyx and

follicular epithelium made contact. The egg then protruded into the

lumen of the calyx. The breaks'in the caìyx were not vjsible after

oviposit'ion. Prjor to blood feeding, null'ipars had a pedìceì wìth a

sol'id core of cells attached to the calyx, and after ovulation the

ovariole was connected to the ca'lyx by the ovarjole sheath alone, and

the pedicel was lost. Lehane and Laurence (1978) assumed that

dilatatjons were formed by the ovarjole sheath (assocìated with the

follic'ìe) because the tunica degenerated.

In the current study, â light m'icroscopìc examination of the

ovarjes of newìy emerged Cs. ínornata (Appendìx V), showed that the

ped'iceì was a solid core of cells wjthout a lumen. Djlatatjons whjch

formed from follicle degenerat'ion, and basal djlatatjons whjch were

deemed to result from normal oogenesìs ('lìve dissections/phase

contrast), were not associated with the ovariole sheath.

It js plausible that a long pediceì would be bypassed during

ovulation. However, the proportjon of ovarioles wjth long pedicels was

not hjgh in null jparous Cs. inornata. The tunjca of the pedice'l may be

as el ast'ic as the tun j ca of the foì I 'ic'le, and ovul at'ion v j a the pedì cel

cannot be ruled out. If thjs is the case, more than one mode of

ovulatjon may occur. The whole question regardìng the mode of ovulation
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requires further study. The hypotheses concernìng the formation of

dilatatjons are inextricably I inked to the mode of ovulatjon.

Natural conditions

Constant temperature and photoperìod, the use of sucrose and

optimaì blood-feedìng in adult females, and high protein dl'et for

larvae, are not necessarily representative of field conditions. lrlild

nulljparous and parous Cs. inornata jmbjbe syrup (Hudson 1977a), but the

use of sucrose jn the laboratory may be inappropriate because jt is

known to be a potent phagostimulant (Schmìdt and Friend 1991).

Follicìe stages in nulììpars and pars were consjstent wjth those

recorded jn the literature (Buth et al.1990, Reisen et a/.1989), as

were the frequency and number of retained eggs (Hudson 1977a). The mean

number of eggs laid by l-pars was lower than means recorded for wjld

pars (Buth et al. 1990). A reductjon in fecundjty with gonotrophic age

is supported by Owen (1942). Reduced fecundjty could be related to blood

feeding behavìour, the vojdìng of meals (0wen 1942), or physiologìcal

factors assocjated wjth jncreased age.

The scorjng of autogeny was based on pract'ical rather than

definitive criterja. It would be diffjcult to prove that a female whìch

developed fo'ìlicles beyond the restjng stage was certain to deveìop

eggs. Cs. inornata are primarjly anautogenous, but autogenous females

are known to occur (Hudson 1977b, Meyer and t'lashino 1978, Meyer et al .

1982, Owen 1942, Reisen et a7. 1989). Autogenous-anautogenous pars could

have more diagnost'ic ovarjoles than thejr anautogenous counterparts ìf
cumulative fecundjty was low. The ovaries of autogenous l-pars may be
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similar to ovarjes of anautogenous 1-pars whjch developed a small number

of eggs.

If a hìgh proportjon of females com'ing to traps are sacculate,

then females can be maintained on water or sucrose solution for a day

while the sacs shrjnk. The large amounts of ovarian membrane (tunica and

ovariole sheath) encountered jn sacculate females may obscure dìagnostic

ovarioles (personal observation). Sacculate post aestival Cs. inornata

(Barnard and Mulla 1978, Reisen eú a/. 1989), which oviposit after

holding eggs for an extended tìme, may have sacculate ovarioles wjth a

dj I atati on between the sac and the next devel opi ng fol I i cl e.

Empty 1-parous Cs. inornata, whìch were fecund and delayed host

seeking, or were unsuccessful 'in obtajning a blood meal for an extended

time after ov'iposition, may be misdiagnosed as nul'l'ipars with rogue

ovarjoles ìf they have connect'ing stalks of > 5 cells. Sokolova (1983)

reported that termi nal sacs u,ere di ff j cul t to d'i scern i n femal es

(Anopheles, Aedes and Culex species) wh'ich were dissected three weeks or

more after ov'ipositìon.

Polovodova's (1949) method, unaffected by Lange and Khok's (1981)

reappraisaì of ovarian dynam'ics, contjnues to be important in mosquito

ecoìogy. Its appìicatjon to some anthropoph'il'ic vectors of malarja

(Anufrieva and Artem'ev 1981, Lìnes et al. 1991) and other species

(Gozhenko i980) has proven to be hjghly effective. Species which exhjbjt

rogue ovarioles require specìfìc parìty djagnostjc criteria,

extrapoìated from known ovìposjtion studjes. The problem of age

overestjmation and age underestimatjon js jnsufficient reason to abandon

the dilatation method for more convenjent and less specific methods.
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Table 4. Per cent compositjon of 1-dilated ovarioles" in nulìiparous and
1-parous Cul i seta .inornata (21'C) .

Structure Condjtjon 0-pars l-pars

tt.l.*r*
Rel i c present 59.3 99. I

No rel ic 39 .7 0.8

Cellular" i.l 0.i
Pedi cel

Absent" 12.? 88. I

Acel I ul ar" 2.6 8.2

2-4 cel I s' 20.6 3.2

)5cells 64.6 0.5

"n=189 ovarioles from 36 nullìpars, n=4112 ovarioles from 57 one-pars.
"Dilatatjon had a strand of cells through jt.
'Basal djlatatjon, or ped'icel < two pedìceì cell equìvaìents.
"Pedjcel ) two pediceì cell equìva1ents.
'In part, ô singìe strand of adjacent cells.
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Tabl e 5. Per cent
parous and

composition of 2-djlated ovarioles'ìn 1-parous, 2-
3-parous Cul i seta i nornata.

Structure Cond'i t i on 1 -pars 2-pars 3-pars

Follicle stage

Di I atati ons

Connecti ng stal k

Pedi cel

N

>N

Rel i cs present

No rel i cs

0ther"

2 cells
> 3 cells
0ther'

Present

51.5

48. 5

54.5

0.0

45. 5

30.3

57. 5

12.2

69.7

7.8

92.2

68.2

2.1

29.7

10.9

8.9

80. 2

54.7

2.1

97 .9

40.2

9.3

50. 5

17.5

7.?

75.3

90.7

"n=33 ovarioles from 16 l-pars, 192 ovarioles from 16 2-pars and 97
ovarioles from 5 3-pars.

"Combjnatjon of two of the followìng: dilatation had a reljc, djlatation
had no reljc, dilatatjon had a strand of cells through it.

"Primary connecting stalk: acellular, one ceì1, or nonexjstent.
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Plate II. Photom'icrographs of Culfseta inornat,a ovarioles

tach scale bar represents 25¡lm. c - calyx, d - dìlatatìon, f - follicle
at stage I-il (lrlatts and Sm'ith 1978), n - foll jcle at stage N, p -
pedicele s - sac.

Fjg. 1. One-dilated ovarjole from a 26 day old nullìpar. The
ovariole sheath (the membranous outer covering of the
ovariole) ìs broadìy joined to the caìyx around the cellular
pedicel.

Fig. 2. Sacculate ovariole from a l-par. The ovariole sheath has
been torn from the caìyx during dissectjon. The shrjnking
sac i s ful I of fol I i cul ar debri s.

Fig. 3. 0ne-dilated ovariole from a l-par. The pedice'l is cellular.

Fig. 4. One-d'ilated ovarjole from a l-par. The pedicel is acellular
(the ceì I s have degenerated) .

Fi g . 5. Zero-d'il ated ovar j ol e from an 18 day o1d nul 'l i par.

Fig. 6. Two-d'ilated ovariole from a l-par. The presence of a pedicel
jndicates that normal oogenesis djd not occur.

Fig. 7. Zero-dilated ovariole from a 34 day old nullipar.

Fjg. B. Degenerate ovarjole from a l-par. The long connecting stalk
'i s typì catr of many degenerate ovariol es .

F'ig. 9. One-djlated ovariole from a 34 day old nullipar. The pedìcel
is cellular"

Fjg. 10. One-djlated ovarioles from a I-par. The upper ovariole has a
pedìceì of < 2 pedicei cell equìvaìents and the lower
ovarj ol e has no' pedi cel .





5B

Plate III. Photomicrographs of Culiseta inornata ovarioles

Each scale bar represents 25pm. c - calyx, d - dilatat'ion, f - follicle
at stage I-II (t^latts and Smith 1978), n - folljcle at stage N, p -
ped'icel , s - sac.

Fig. 11. Sacculate ovariole from a l-par. Foll'icular debris is
concentrated at the anterior end of the shrjnking sac. The
connectjng staìk has sjx cells.

Fig" 12. One-d'ilated ovariole from a 3-par. Note the terminal sac
whjch was part of the caìyx.

Fig. i3. Two-dilated ovariole from a 2-par. The folljcle stage, and
the promìnent and cìearìy separated dilatatjons with rel ics,
were typical of this ovariole type in 2-pars.

Fjg. 14. Two-dilated ovariole from a 34 day old nulìipar. The pediceì
i s cel I ul ar and the di I atati ons are smal I w'ith no rel i c.

Fig. 15. Three-dilated ovariole from a 3-par.

Fig. 16. Two-dilated ovariole from a 3-par. The primary dilatatjon
has a membranous sac.

Fjg. 17. Two djlated ovarjole from a gravid nullipar whjch djd not
ovi posi t j n the al I otted tjme. The dj I atat'i ons are smal I and
probably resuìt from earìy stage degeneration. The pedicel
and connecting stalks show a gradatìon of cellular
degenerat'i on "
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CHAPTER IV

THE EFFECT OF ROGUE OVARIOLES Oru PARITY DIAGNOSIS TN

CULEX TARSÅLIS (DIPTERA: CULTCIDAE)

Abstract

Parity diagnostic crjteria were extrapolated from the analysis of

ovari ol es j n nul ì 'i parous and known 1-parous Cul ex tarsal is Coqui I I ett.

Sixty-eight per cent of nullìpars (< l0 days of age) had at least one

rogue ovarjole. The presence of rogue ovarjoles causes an overestjmatjon

of parity status usìng Polovodova's method. Polovodova equated the

maximum number of d'ilatatjons in any ovariole wjth the parity status of

a mosquito. In a blind test, nu1ììpars and known 1-pars (n=46) were

correctly cìassjfjed using the diagnostìc criteria.

Introducti on

The estjmation of djsease vector survival rate is 'important in

epidemio'logy. An est'imation of variation in survival rate wjth

gonotrophìc age requìres the precìse determination of parity status'in

vectors (Dye 1992). Polovodova (1949) reported that the maximum number

of djlatatjons in any ovarjole of Anopheles naculipennis Meigen was a

specifjc measure of parity status.

Polovodova's (1949) method has been used to age grade a number of

mosquito specìes, and contjnues to be the only method for determin'ing

the precise parity status of parous females. Thjs'is despite a change ìn

our understand jng of the dynam'ics of oogenes'is and ovul at jon (Gig'liol i
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1965, Lange and Khok 1981, Hoc and Charlwood 1990). Lange and Khok

(1981) hypothesized that an ovariole wìth one or more dilatatjons and a

pedìceì had never ovulated. Prjor to this jt was assumed that

dilatat'ions, connect'ing stalks and the pedìceì reformed after ovulation

(Beklemishev et al.1959, Giglìoli 1965, Samarawjckrema 1962).

Lange and Khok (198i) expìained the scarcity of parìty diagnost'ic

ovarioles jn gonotrophically older females. Their expìanat'ion has been

supported by a number of Russjan researchers (Anufrìeva and Artem'ev

1981, Sokolova 1981). Polovodova's (1949) method appears to be accurate

for parity assessment in a number of anopheline specìes (Anufrieva and

Artem'ev 1981, Lìnes et al. 1991). However, the occurrence of rogue

ovarioles (whìch cause an overest'imat'ion of parity status) ìn some,

mostiy culicine, species, has cast doubt on the comprehensjve use of the

method (Lange and Khok i98i, Magnareìì'i 1975 and others). The analysis

of the maxjmum number of ovarioles in an undamaged state is'important ìf
dìagnostìc ovarioles are to be found in gonotrophìca1ly older females

(Lange and Khok 1981). However, the observation of all ovarioles js also

I ikely to maxjm'ize the probab'il jty of encountering rogue ovarioles.

Knight and Nayar (1982) reported a h'igh frequency of folljcle
resorption in null iparous Culex salinaríus Coqu'illett, Culex

quinquefasci aúus Say, Culex restuans Theobald, Culex erratfcus (Dyar and

Knab) and CuTex opisthopus Komp. They beljeved that for Culex species,

the tracheat'ion method (Beklemishev et al. 1959), whìch separates

nullipars from pars, is more reliable than countìng dilatatjons.

Nelson (1964, 1966) and Reisen eú a/. (1983) used Polovodova's

(1949) djlatatjon method to separate nulliparous and known l-parous
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Cx. tarsalis in blind tests, and reported > 98% separatìon success.

Reisen et al. (1983) reported an error of 29% jn the separation of known

1- and 2-pars, and therefore restricted f ield stud'ies to the separatjon

of nulììpars and pars. McHugh (1990) expected dissectors to separate

nullipars and pars with > 90% accuracy. McHugh (1990) and Rejsen et a7.

(i983) estimated female survivorship and the durat'ion of the gonotrophìc

cycle in Cx. tarsali s from parous rates establjshed using Polovodova's

method. Rosay (1969) reported djlatatjons (rogue ovario'les) jn

nulljparous Cx. tarsalis but was stjll able to identjfy 100%,9I% and

67% of known 1-, 2- and 3-pars respectìveìy.

Culex tarsaTis js the prìmary epidemic vector of Western Equine

Encephalomyelitis in Canada (McLintock and Iversen 1975), and therefore

the efficacy of parity assessment in this spec'ies js important to

epidem'iologists. The en'igma presented by the success in separating

nulljparous and known 1-parous Cx. tarsalis, and the potential for

folljcle resorptìon in nulììparous Culex specìes prompted the current

study. The objectjves of the study were (l) to determjne the frequency

of rogue ovarioles jn nul'liparous, and known l-parous anautogenous Cx.

tarsalis, and (2) to assess the effect of rogue ovarioles on the

separation of laboratory-reared nulljpars and known l-pars.

Materi al s and methods

Females in the resorption study were reared from 40 egg rafts

collected ìn Juìy, 1990 at Glenlea Manitoba. Females l.rere reared jn

environmentally controlled cabinets (l'lodeì 1-35 VL, Percival

Manufacturing Company, Boone, Iowa), at a temperature of 2i.010.2'C and



63

at photoperiods of 161:BD, 141:10D and BL:16D. Larvae were reared at a

densjty of 400 per 2I X 32 X 7cm polypropyìene pan, and were fed an

excess of fì nely ground bovi ne I i ver powder ( ICN B'i ochemj cal s, Inc. ) .

Adults were suppljed with 10% sucrose solution and only anautogenous

females were used.

Nulljpars and pars in the known ovìposjt'ion study were the F1-7

generations of colonjes started'in August 1989 and 1990 from egg rafts

collected at Glenlea. The coìony room was majntained at a temperature of

2111"C and a photoperiod of I7L:7D and was equìpped with a 2.5 (hìgh) X

1.5 X 1.5 m mat'ing cage. Larvae tnlere reared at a densjty of four egg

rafts per pan.

[,rlild females were C0.-l ight-trapped (SSAM, J.W. Hock Company,

Gainsvilìe, FL 32604) at Glenlea, Manìtoba, during July and August of

1989.

The sucrose solut'ion was replaced wjth water when at least 40% of

a sampìe (n=20) of females were insemjnated. The females were blood-fed

5 days later. Females were blood-fed at 24"C during scotophase. They

were confined to a 30 X 30 X 30cm Plexiglas'cage wìth two restrained

quail for sjx hours. Nulìipars were blood-fed at 7-19 days post

eclosion. Nullìpars which were less than one third blood-fed were not

used. Nullipars were gìven one chance, and 1-pars were given two chances

to blood feed.One-pars were offered blood on the day they ov'iposjted.

Three hundred l-pars, each of which laid > 200 eggs, were offered blood

to jnitiate a second gonotrophìc cycle. Blood-fed females were prov'ided

wl'th i0% sucrose sol ut j on and mai nta j ned under co'lony cond j t j ons .
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Po'lystyrene oviposìtìon cups (0.251) containing water-covered

grass sod, lvere presented to indivjdual females in 18 X 18 X iScm

Plexiglas" cages.0v'iposìt'ion cups were withheld to control the number

of djssections performed each day. Females which djd not oviposit

'immedjately were left to ov'ipos'it for up to five days within a 6-12 day

perì od after bl ood feed'ing.

Dissect'ion and analyticaì methods were described ìn Chapter iII.
Apart from the blind test all females were djssected ljve. Nullipars ìn

the resorptìon study were dissected at 2-34 days post eclosjon. The

dì agnost'ic cr j teri a were devel oped from the analysi s of nu'|1 i pars

dissected at < 10 days post ecìosion, and from l-pars dìssected at 2-3

days post oviposition (15-34 d post eclosion). Twenty-nine null ipars and

2l one-pars were frozen for the blind test. The person carrying out the

djssectjons was aware that the females were either null'ipars or l-pars.

Resul ts

Follicle resorption in 2-34 day old nullipars

The number of 0-djlated ovarioles (F'igs. i, 2) found jn 120

nulljpars ranged from 0-139 per female over 34 days.0n average there

were fewer 0-djlated ovanioles in older females (Tabìe 1).The mean

maximum number of ped'icel cells in any 0-d'ilated ovarjole (per female,

n=l18) was 9.410.2 (6-17) cells.

Thirty per cent of fema'les had one rogue ovarjoìe by day 2 (Tabìe

t). All females had at least one rogue ovarìole after day 14, w'ith a

maximum of 134 in one female on Day 34 (Fig.8). After day 10, i0-80% of

females had 1-24 two-dilated ovarjoles, and after day 14, 10-20% of
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females had 1-4 three-dilated ovarioles.

Djlatations were found in nulìipars reared at 8L:16D and 141:10D

(Fìgs. 10, 12). Follicle resorpt'ion was jnfrequent at 8L:l6D (general

observatìons) aìthough extens'ive resorptìon was encountered jn some

older females (day 34).

Follìcles in 99.7% of 0-dilated ovarjoles (n=4788) and 64.5% of I-
dilated ovarjoles (n=1187) were developed beyond stage N. Fifteen per

cent of 2-4 day old (n=20), and 87.3% of 6-34 day oìd (n=9a)

anautogenous femaìes, had foll'icles developed past stage I. Stage IIb

follicles were found jn 5.0% and 39.4% of females respectìveìy.

Degenerating folljcles were found jn 48.3% oî females (x=4.610.6, range

1-21lfema1 e) .

Nullipars (< 10 days old) and known l-pars and Z-pars

At least one rogue ovariole was found in 68.4% of null'ipars and

55.9% of l-pars. None were found 'in 2-pars. The ratio of the mean number

of l-dilated to 0-dilated ovarioles was 0.1:f in nulììpars, 17:1 in 1-

pars and 9:i in 2-pars (Tabìe 2).The max'imum follicle stage per female

(n=64) was I Ia j n 12.5%, and I ib i n 4.7% of l-pars.

The percentage of ovarioles wh'ich could be categorìzed was higher

ìn l-pars (44.2%) than 'in nulì ìpars (17.3%). There was a > 50% reduction

jn the mean number of ovarioles categorized ìn 2-pars compared to i-pars

(Table 2).

Ovarjoles with a connecting stalk of < five cells and a small sac

wjth no relìc (ovariole with a sac, Fig. 9) were found jn 93.5% of

1-pars (10.511.5). Fifteen pars (three 2-pars) had one 1-dilated
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ovari ol e wi th a. sac.

Infrequent observat'i ons i ncl uded: degeneratì ng fol I i cl es wi th the

potential to form more than one d'ilatatìon, ovarioles which had

developed a new folljcle beyond stage N w'ithout resorbing the preceding

fol I i cl e, and di I atati ons wì th adjacent cel I s through them (Tabl e 3.

Fìgs. 5, 11, 12).

Two-dilated ovarìoles and one sacculate ovariole with a

djlatat'ion, vvere found jn seven sacculate females (dìssected shortly

after oviposition). The majorìty of sacculate ovarjoles were full of

follicular debrjs and very few had an intact ovariole sheath (Fig. 6).

The sac ìn Fig.6 appears to term'inate at a sphincter in the caìyx

(Gì g'l ì o'l ì 1965) . The majority of saccul ate ovari ol es were broken cl ose

to the calyx.

0varíole conpositíon: nullipars, 1-pars and 2-pars

The comparjson of 1- or 2-dilated ovarjoles in females of

different parìty status jdentjfied trends jn ovarjole composjtjon common

to rogue versus dì agnost'ic ovar j ol es (Tabì es 3,4) . The extent of ped'icel

celI degeneration and celI shape was variable in diagnostic ovarioles

(Lange and Khok i981, Fìgs 3,4,5). Therefore the counting of adjacent

cells (Tab'ìe 3) was somewhat subjectìve. The three adjacent pedìcel

cells in F'ig. 5 represent the lower limit of classjfication. Follicles

jn 37.5% (n=16) and 66.7% (n=6) of 3-djlated ovarioles, in nullìpars and

1-pars respect'ively, were deve'loped beyond stage N. Two or three rel jcs

were found in 63.6% of 3-dilated ovarioles (n=22).

The frequency of 1-djlated ovarjoles with cellular pedìcels was
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used as a separatjon 'indjcator (see below). This feature was a better

indicator of the rogue versus d'iagnostic ovarì01e, than foll jcle stage

or the presence of a relic (compare Figs. 7,8).However, folljcle stage

plus the absence of a rel'ic in the secondary di'latation, was a good

indjcation that the ovariole in Fig. ll was a rogue ovariole. Such an

assumpt jon would be reìnforced by the quaì'ity and compos jtion of the

primary connectjng stalk, and by the frequency of the ovarioìe type.

Di agností c cri teri a and the separati on i ndi cator

Females with < five 0-d'ilated ovarioles and I five i-dilated

ovarioles and no 2- or 3-dilated ovarjoles were excluded from parity

assessment.

Pri nary di agností c cri teri a

1 Nul f i pars had ) 15 zero-di I ated ovarj ol es.

2 Pars had 2 15 one-djlated ovarjoles.

Secondary di agností c críteri a

I l'lhen both primary diagnostic crjterja could be applied,

parìty status was assigned in accordance with the more

frequent ovario'ìe type, provided that the ratio of types was

at least 2:1.

2 Females were classjfìed as pars when ovarioles wjth a sac

and sacculate ovarioles lvere counted w'ith 1-dilated

ovarioles (to fit the prìmary criterìa), or the total number

of dilated ovarioles was > 15.
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Females were classified as nul'ììpars when there were no

saccul ate ovari ol es, and no ovarj ol es wi th a di I atati on or a

sac. Females were classjfied as pars when there u/ere no 0-

di I ated ovari ol es.

Separation indicator

75.5% of 1-dr'lated ovarioles 'in nulì'ipars and 2 .Z% of I-
djlated ovarioles jn l-pars had a pedìcel of > Z adjacent

cells.

Females used to establish the d'iagnostic crjterja (Tabìe 2) fjt
the prìmary dìagnostic criteria jn 93.7% (n=rrl) of nullìpars (3lrl4
were excluded) , 97.8% of l-pars (n=93), and 8i .8% of Z-pars (n=li). S'ix

females fit the secondary diagnostjc crjterja. Three of fjve

unclassified females fit the separation indjcator.

The bl i nd test

There were 29 nullipars and 2l pars in this test. Four nuìììpars

were excluded, one uras gravid (autogenous). Fjfteen nulljpars and 18

one-pars fit the primary dìagnostìc criterja. The secondary diagnostic

criteria and the separatjon indjcator were successfully appìied to the

remaìnìng 13 females. Nullipars whjch fjt the diagnostìc criterja had a

mean of 27.3!3.2 O-d'ilated ovarioles and l-pars had a mean of ll.Ttl .4

i-dilated ovarioles.
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C1,-l i ght-trap study

The parity status of wild females (Tabìe 5) does not jnclude 18 of
the females sampled (n=167): njne were excluded (see above), three were

fulìy grav'id, and six did not fit the prìmary or secondary dìagnostic
criteria. The separation ind'icator was not appìied (the data was

collected before the known oviposition study was compìete). Females were

not separated on the basis of held or retained eggs in order to
emphasjze the use of the diagnostic criteria. S'ixteen females (n=l6Z)
retajned a mean of l.6t0.Z (l_4) eggs.

There b,as a decrease in the frequency of nuilipars, and an

increase in parity status and the frequency of pars over the five week

trapping period (Tabìe 5). Two- and 3-parous females were class.ified
according to Polovodova's (1949) method after they had been dìagnosed as

pars .

The recl assif ication of 2- and 3-pars with one d'iagnost jc ovar.iole
(Table 5) 'increased the proport'ion of 1-pars by 9.4%, and decreased the
proportion of 2-pars and 3-pars by g.7% and 0.1% respectìveìy. After
reclass'ificatìon, 2-pars had z.gti.s (z-20) 2-dirated ovariores and 3_

pars had 2, l3 and l5 three-d.ilated ovarjoles.

Fifty-fìve females wi th 29.8t2.0 (15-88) 0-dilated ovarjoles fjt
the primary d'iagnostic criteria for nullipars. 0f these, zs.s% had

3'310'7 (t-10) rogue ovarjoles (al1 1-dilated). Fifty-eìght females with
36!2'3 (15-96) 1-dilated ovarioles fit the primary dìagnostìc crjteria
for pars.

Thìrty-six femares d'id not fit the prìmary dìagnostìc criter.ia.
Fifteen were class'ified as parous by secondary criterion no. z. Eighteen



70

were classifjed as null'iparous, and three as parous, by secondary

criterion n0.3. Three-d'ilated ovarjoles in known l-pars (Table 2) had

smaller foll'icles than other ovarioles in the same female. This was not

the case for 3-djlated ovarioles found in wjld females (Table 5).

Di scuss i on

The use of a recent'ìy establ i shed co'lony ensured that femal es were

simjlar to those found jn natural popu'latjons. However, an extended time

perìod between female eclosion and blood feedìng was required to ensure

mat'ing success. Therefore, the assumption that females would mate and

seek a host at 5 10 days of age was not met for al I I aboratory-reared

females. subsequentìy, the frequency of rogue ovar.ioles jn wild l-pars

may be lower than the values presented jn Table 2. In california, the

duratjon of the gonotrophìc cycle for blood-fed cx. tarsa/is was 4-6

days, and females took 2-4 days to mate and seek a host (McHugh lgg0,

Reisen et al. 1983, 1992). Rearjng condjtions could maximjze the

proportjon of ovarian follicles that resorb. 0da eú a/. (19i8) bel'ieved

that the small proportìon of wjld Culex tritaeniorhyncus Giles with

resorbed fol I j cl es, compared to femal es mai ntai ned 'i n the I aboratory,

was the result of nulììpars fjndjng a host soon after eclosjon. gda et

al. (i978) reported (for the same specìes) that the proportion of

resorbed foll icles was lower jn diapausing versus non-diapausìng

females. Thene ulas a low frequency of follicle resorptìon in diapausìng

Cx. tarsalis (laboratory conditìons), and most dilatations were small

(personaì observatìon) .

The success that Rosay (1969) had in rearjng muìtiparous (4- and



7T

S-parous) cx. tarsalis, and more recent research on ovarjan changes

during oogenesìs (Lange and Khok 1981), indìcates that a further study

of multiparous cx. tarsalis of known ov'ipos'ition hìstory may be

appropriate. Rosay (1969) beljeved that age underestjmation resulted

from the coalescence of di'latat'ions. This assumption was based on the

lack of dìagnostic ovarioles in gonotrophìca'l'ly older cx. tarsalis.

These results may now be interpreted djfferently. A 3-d'ilated ovariole

of cx. quinquefasciatus photographed by Rosay (1969) had ceilurar

connecting sta'lks and an jntact ped'ice'l . A colony wh jch can produce

young (calendar age) muìtipars would be needed to study gonotrophicalìy

older cx. tarsalis of known history. Brust (personal communìcation)

found that females jn an older colony (> 60 generations) of Cx. tarsalis

from Manjtoba, had weakened ovarian tissue, whjch precluded parìty

assessment usjng the dilatatl'on method.

Onìy a small proportjon of l-parous cx. tarsalis (11/300) brood-

fed, oviposited and survived unt'il dissected. Therefore, the proportion

of natura'ìiy occurrìng 2-pars may be small. Attempts to jnjtjate

success'ive gonotrophic cycles jn wild (c0.-trapped) females was

unsuccessful beyond one blood meal and one ovipositjon cycle (personal

observati on) .

The d'ivjsjon of pars ìnto separate parous groups (Tabìe 5) djd not

account for the effect of age underest jmati on. The known ov'ipos'iti on

study djd not extend beyond the Z-parous category, and the sample size

for 2-pars was insufficient for confident analysìs. The simple

manipulation of the data (by one diagnostic ovariole jn 2- and 3-pars),

shows how rogue ovarioles could affect the proportion of females in the
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different parous groups. It is clear that supporting data from known

oviposit'ion studies is a prerequjsite for specifìc parìty djagnosis'in

Cx. tarsal i s.

The occurrence of ovarjoles with traces of a sac and no rel'ic (and

a connect'ing staìk of ( 5 celIs) was useful foridentifyìng pars which

had few or no diagnostic ovarioles. The absence of a reljc in the sac

distinguished these ovarioles from those descrjbed by Lange and Khok

(1981) and Anufrieva and Artem'ev (198i).

Detinova's (1962) defin'ition of abortive oogenesis can be adapted

to fit both autogenous and anautogenous Cx. tarsalis (Chapter III). The

term abortive is not aìways used jn the sense ìntended by Detìnova

(1962). Lange and Khok (1981) used the term to describe all forms of

follicle resorption. 0nce injtiated, abortjve oogenesjs is'irreversjble
(Lea et a/. 1978). Clements and Boocock (1984) revjewed the djfferent

developmental gates documented in mosqu'ito oogenesjs. Lea et al. (1978)

found that , ede s aegypti i n l't'i ated and then arrested oogenes i s after
jmbjbing a very small blood meal. Nayar and Knìght (r981b) made a

distìnction between ovarioles with "resorbed foll icles" which had the

pedicel swollen close to the follicle, and ovarioles with a dilatatjon

and a connect'ing staìk. Infrequentìy, primary dilatatjons were

encountered 'in cx. tarsali s whìch were proximaì to the secondary

foll jcle (i.e. there was no connect'ing sta'ìk). 0varioles with pedìce1s

s'lightly swoìlen close to the folljcle were also encountered. These were

not used in the parity dìagnos'is of Cx. tarsalis unless the pedìcel had

at least six cells (0-dilated ovarioìe).
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Autogenous females were excluded from the current study jn order

to sjmp'lìfy the experjment. Brust (1991) reported that autogeny levels

in cx. tarsalis, reared under natural temperature and photopeniod

cond'it jons 'in southern Manitoba, ranged fron 82% 'in I ate Ju'ly to 6% in

early September. The effect of autogeny on age gradìng this specìes

cannot be ignored. The separation of autogenous fenales and those whjch

have taken a small blood meal seems unljkely usìng the djlatatjon

method. However, the dilatation method may be more approprìate for

identifying females which had laid small rafts than the tracheatjon

method. Burdick and Kardos (1963) achjeved a 39%, 80% and 68% success jn

separating nuìliparous, autogenous parous and blood-fed parous cx.

tarsalfs respectìveiy. Sixty-one per cent of nullipars were misdjagnosed

as autogenous parous.

Nelson and Milby (1982) reported that autogenous cx. tarsalis
probably djd not seek blood until after they had ov'iposjted. Belìamy and

Corbet (1973) reported autogenous laboratory-reared Cx. tarsa/is whjch

jmbjbed blood in late stages of autogenous development. These females

appeared to devel op the secondary fol I j cl es 'i n al I ovarj ol es. Secondary

follicles jn ovarjoles w'ith eggs were resorbed, whereas secondary

folljcles jn ovarioles wjth a resorbed primary folljcle, developed 'into

an egg. Thjs resulted jn an assortment of eggs developed autogenousìy

and anautogenously 'in the same femal e. Beì'lamy and corbet ( 1924)

suggested that grav'id autogenous nullipars could be mistaken for pars

wjth retained eggs. Retained eggs should be removed durjng dissection

because thejr yolk leaks and obscures the ovarjoles (personal

observation). The presence of sacs would only be a valid jndjcator of
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recent ovjposition if a sac was found in a portjon of the ovary which

had not retajned an egg, or if the number of sacs was greater than the

number of eggs removed.

Nelson and Flilby (1982) reported that the smalr proportion of

sacculate Cx. tarsalis com'ing to baited traps was an ind'ication that few

females sought blood immedjately after ovipos'itjon. This was supported

by Reisen et ai. (1983) who found that on'ly 9.2% of sacculate females jn

resti ng boxes conta'ined bl ood. If the proporti on of w'iì d, saccul ate

females js to be determìned, then sacculate ovarjoles can be subst'ituted

for l-dilated ovarjoles jn the primary dìagnostic crjterja. If the

proport'ion of females with sacculate ovarioles js high, and they are not

a focus of the study, then femal es can be ma'inta'ined on sucrose, or

water for a day prìor to djssectjon. The number of djagnostìc ovarioles

found'in wild females wh'ich were frozen was low and the data was not

used.

The applicat'ion of the diagnostic criterja revealed that rogue

ovarjoles do occur jn wjld nulliparous Cx. tarsalis. Therefore, there ìs

a need for further laboratory, or controlled outdoor studies of this and

other specìes. A study of foll'icle resorption jn Cx. restuans (Appendix

IV) support the fjndings of Knìght and Nayar (Tabìe I in Knìght and

Nayar 1982) and provide data on the frequency of 0-dilated ovarjoles jn

nul I i parous Cx. restuans.

It js possible that researchers have recognìzed, and selectively

ìgnored, the occasional rogue ovariole 'in nulì'iparous Cx. tarsa/i s. The

current study provìdes quantitatjve guìdeljnes for the confident

separat'ion of a ìarge proportion of nullipars and pars. Females of
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uncerta'in h'istory can be assigned parity status using the secondary

dìagnostjc criterja and the separation jndicator, whjch although

somewhat cumbersome, were not needed to d'iagnose the majority of

females. The problem assocjated with the potent'ial for autogeny ìn cx.

tarsalis may not be resolved through parity dìagnosìs. In epìdemiology,

the need to ident'ify the proportion of autogenous cx. tarsa/is'in the

field, is probably more pressing than the need to ìdentify

gonotroph'ica1 ly older femal es.
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Table 3. Per cent composit'ion of 1-djlated ovarioles" jn nul'liparous and
1-parous Cul ex tarsal i s.

Structure Cond'it'ion O-pars l-pars
Di I atat'ion

Pedi cel

"n=1378 ovarioles from 147 null'ipars, n=6793 ovarjoles from 93
"Dilatatjon had a strand of cel'ìs through it.
'Basal dilatation, or pedicel < two pedìce'l cell equìvaìents.
"Pedjcel ) two pediceì cell equivalents.
'In part, â single strand of adjacent cells.

Rel jc present

No rel ic
Cel I ul ar'

Absent"

Acel I ul ar'

2-4 cel I s"

) 5 cells

60. I

37.0

2.9

24 "5

0.0

40.4

35. I

98.0

1.6

0.3

86.9

10.8

1.9

0.3

one-pars.
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Tabl e 4. Per cent
parous and

composjtion of 2-dilated
2-parous Cul ex tarsal i s.

ovari ol es" i n nul I 'iparous, 1-

Structure Condition 0-pars l-pars 2-pars

Folljcìe stage

Dilatat'ions

Connect'i ng stal k

N

>N

Rel j cs present

No rel i cs

0ther"

2 cells

) 3 cells
0ther"

46. 5

53. 5

43.4

20.2

36.4

27 .3

JJ.J

39.4

45. 5

54. 5

45. 5

7.9

46.6

t7 "4

44.9

37 .7

i1.6
88.4

72.r

0.0

27 .9

2.3

L.J

95.4

"n=99 ovarioles from 34 nullìpars, 178 ovarioles from 5l one-pars and 43
ovarioles from l0 two-pars.

'Combìnation of two of the following: dilatatjon had a relic, djlatatjon
had no reljc, dilatation had a strand of cells through it.

'PrÍmary connectjng staìk: acellular, one ceìì, or nonexjstent.
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Fjg. 3.

Fi g. 4.

Plate IV" Photomicrographs of Culex tarsalis ovarioles

Each scale bar represents 25¡tn. c - ca'lyx, oS - ovarioìe sheath, p -
pedicel, s - sac, unlabelled arrow - dilatatjon. The follicles ìn Figs.
10-12 are at earìy to late stage N, all other Figs. have follicles at
stage I-ll. Fìgs. l-5, and Fig. 7 show dìagnostìc ovarioles. Fjg. 8 and
Fìgs. 10-12 show rogue ovarjoles.

Fig. 1. Zero-djlated ovarioles from a 30 day old nulì'ipar reared at
8L : I 6D . The ped ì ce'l cel I s have not degenerated .

Fi g. 2. Zero-di I ated ovarj ol e from an i8 day ol d nul ì i par reared at

F'ig . 5.

161:8D. The pedicel is complete.

One-dilated ovarjole from a 1-par. The djlatatjon has a
reljc. The pediceì js attached to the caìyx.

0ne-djlated ovariole from a l-par. The d'ilatation has a
relic. The acelluìar pedìcel was broken where jt jojned the
caì yx.

One-djlated ovariole from a l-par. The djlatation has a
strand of celìs through it, and the pediceì has > 2 adjacent
cells.

Sacculate ovarjole from a l-par. The sac js separate from
the ovarjole sheath and appears to be continuous wjth a
sphìncter at the calyx.

0ne-dilated ovarjoles from a 1-par. The djlatations are
basal.

0ne-d'ilated ovarioles from a 14 day old nullìpar reared at
161:80. The djlatatjons have relics and the pedìce'ìs are
cel I ul ar.

Ovariole with a sac from a l-par.

One dìlated ovarjole from a 12 day old nul'ìipar reared at
8L:16D. The dil atation i s smal I and has no rel ic.

Two-d'ilated ovarjole from a 1-par. The primary d'ilatation js
basal and larger than the secondary dilatation, which has a
strand of adjacent celìs through it.
Two-dilated ovariole from a 12 day old nulìipar reared at
l4L:10D. The pedicel js cellular and compìete. The
dilatatjons do not have relics. The prìmary dilatation has a
strand of adjacent cells through jt.

Fjg. 6.

Fig. 7.

Fjg. 8.

Fi g. 9.

Fjg.10.

Fjg. 11.

Fjg. 12.
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CHAPTER V

GEhIERAL DISCUSSION

Age underest'imatjon and age overestimation are potentìaiìy serious

probìems in the parìty diagnosjs of Cs. inornata and Cx. tarsalis.

Polovodova's (1949) method js evidently unreliable for the parity

diagnosis of gonotrophically younger females of these species. The

parity diagnostic criteria, proposed as a modjfication to Polovodova's

(1949) method, are dependent on the assumptions that mosquitoes found jn

nature undergo s'imilar levels of resorptìon to laboratory-reared

femaìes, and that females mate and seek a host within a prescrjbed time

period. These assumpt'ions present a dilemma because thejr verifjcation

may require the applicatjon of the criteria in questjon.

It may be assumed, given the new hypothesìs, that a small egg

batch la'id jn the fjrst cycle, either as a result of autogenous

development or a small blood meaì, is ljkely to max'imise the probabìiìty

of find'ing diagnostic ovarjoles with pedicels in gonotrophically older

females. This assumptìon is dependent on the effect of changes jn

fecundity jn subsequent gonotrophìc cycìes, the effect of random

oogenesis and the extent to whìch ovarioles are qu'iescent ìn any cycle.

Reduced fecundity with increased gonotrophic age and the 'incjdence of

abortive oogenesjs are widely documented, but the extent and effects of

random oogenesjs and the incjdence of quiescent folljcles are not. Lange

and Khok (198i) described random oogenesis as the alternatìve

degeneratjon or maturat'ion of eggs in different cycles, and a major

factor j n the destructj on of di agnostì c ovari ol es. Gj I I i es (personal
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communication) bel'ieves that the occurrence of diagnostìc ovarjoles ìn

gonotrophjcally older females of known ovìposjtjon h'istory (Gillies and

!üì I kes 1965) i s an i nd'icat j on that at I east some ovariol es must be

degenerating ìn a non-random fashjon" These questions as well as the

mode of ovulatjon requ'ire further study.

The explanatjon for the decrease or absence of djagnostic

ovarioles in gonotrophica'l'ly older females (Lange and Khok 1981) is a

major contrjbution to understanding the l'imjts of Polovodova's (1949)

method. These lìmits were possibly mis'interpreted by some researchers as

an inabilìty to perform djssections, or as a lack of multiparous females

i n nature.

An interesting component of the ljterature concernìng Polovodova's

(1949) method 'is the range of djssectjon technìques. Beklemjshev et al.

(1959) stretched the ovarioles, hence the sac may appear as a narrow

tube. Using the oil jnjectjon method of Lange et al. (1981) the sac may

be inflated before it separates from the calyx. Using the needle method,

nejther of these are likely to occur. However, the confident applìcatjon

of specifjc diagnostjc criteria, such as the correctjon factor (Chapter

IIi) requires that ovarioles break at thejr junctjon with the calyx. The

needle method may be best suited to field studies because it is

relatjvely quick, and all the ovarjoles can be viewed under high

magnìfication. Large samp'les of wild females would be approprìate as

well as the modificat'ion of the correction factor as more data from

known ov'ipositjon studies are amassed by djfferent researchers. It js

evident from the current studjes that specimens should not be frozen,

especiaììy i1 2- Lo n-parous females are to be diagnosed.
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The separati on of nul I'ipars and pars i n bl i nd tests was effect'ive

usìng the diagnostjc criterìa and separation jndicators. There was 95%

and 100% correct separation for Cs. inornata and Cx. tarsalis

respectìvely, excluding one gravid female and females wjth < 5 zero-

djlated or < 5 one-djlated ovarjoles (6% of fema'ìes). It may be argued

that methods wh jch are quicker but s'imp'ler than the dil atation method

are adequate for separating nu'l'liparous from parous females. However,

the dilatation method not only provides a compìex jnsight into the

gonotrophic history of a mosquito, but may a'ìso provjde a more reljable

estimate of the parous rate than the single parameters used by other

methods. By widespread use of the dilatation method, 'it may be

demonstrated that'it has potentìal for effectìve parìty dìagnosis in a

w'ide range of species. I,r|idespread use of the method may aiso lead to

pract'ical mod'ifìcat'ions jn d jssection technjque. A rel jable estimat jon

of the method's l'imjts for some species is essentjal for mosquìto

ecoìogìsts and epidemìologists to apply jt in the fjeld.
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APPEND ICES

AppendÍx I. Nulliparous (21', 24"C) and l-parous (21'C) Culiseta
i noy"nat,a

Null i pars (24'C, 161:8D)
The mean number of ovarjoìes per female (n=90) was 173.1f3.6 (99-

323). E'ighty-two per cent of females (n=90) had a mean of 5.0t0.6 (r-3r)
ovarjoles with a rudimentary stage N secondary follicle (non-functional
germarium) and a normal prìmary follicle. The mean maxìmum number of
pedìcel cells in any 0-dilated ovariole (per female, n=88) was 11.210.3
(6-19) cel I s.

Eighty-three per cent of 1-djlated ovarioles (n=l28) had
dilatatìons wjth a reìic, 14% had dilatatjons with no relic and 3% had a
string of celìs through the djlatatjon. Eighty per cent of z-dilated
ovarioles (n=10) had a relic in both dilatations.

The secondary follicle in 67% of 1-d'ilated ovarjoles had developed
beyond stage N.

Ten per cent
femal es had a mean
at 21"C).

of females (n=100) were autogenous. Fjve autogenous
of 21.014.7 (5-34) eggs (larvae and pupae were reared

Nullipars and known L-pars and 2-pars (21")
Forty per cent of nulìipars (Table 1, Chapter III) had a mean of

2.910.6 (1-9) degenerating fo'llicles (defined in Chapter III). The mean
ìength of normal follicles per sample day (n=100, 10/g) ranged from
73.9!1.2¡rm (day 6) to 95.211.9¡rm (day 26).

Six 1-pars were djssected the morning after oviposjtion (onìy fìve
egg rafts were counted). tach female had a mean of 163.0t10.0 (125-196)
ovarioles and lajd a mean of 117.613.7 (104-1?6) eggs. Each female had.a
mean of 69.2110.0 (48-108) sacculate ovarioles and a mean of 33.514.9
(17-52) I-djlated ovarjoles. Sìxty-one per cent of 1-djlated ovarioles
(1=201) had a basal djlatatjon. Two females had one 0-dilated ovarioìe,
fjve females had a mean of 1.4t0.2 (1-z) z-dilated ovarioles, and one
female had one 3-dilated ovariole.

Sixty-eìght per cent of l-pars (n=57) had a mean of 3.1t0.4 (1-9)
ovarjoles with a sac (defìned in Chapter IV).
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ÅppendiN II. The separation of l-parous from Z-parous Cu-liset,a
'inornata

# 2-d. ovarioles l-pars 2-pars
(n=57) (n=50)

4(1)"

?_______t_(il____

0 3(1)

I

0

0 27 (t1\

"Number of females with at least one 3-dilated ovariole.

A correctjon factor of 1.43 was calculated by divid'ing the actual
number of 2-pars (50) by the number of 2-pars (35) whjch fit the
diagnostic crjteria. The factor accounts for 2-pars whjch would be
misdiagnosed as l-pars because they had 0-4 two-dl'lated ovarjoles. The
factor, multip'lìed by the number of w.ild females diagnosed as 2-pars,
g'ives the number of l-pars whjch should be classed as 2-pars in a sample
of unknowns. The correction factor js based on the separat'ion of 2-pars
usi ng 2-dj I ated ovarj ol es (and not 3-dj I ated ovarì oì es) . The one 1-par
which had six Z-dilated ovarioles was classed as an outl'ier and ignored.
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Appendix III. The effect of random oogenesis on the frequency of
di agnost'ic ovari ol es

Fecundity was reduced in each gonotrophic cycle. It was assumed
that all ovarioles participated jn either abortive or normal oogenesìs,
djlatatjons formed in accordance wìth the new hypothesis (Chapter I),
and diagnostìc ovarioles may or may not have a pediceì 

"

300 ovarioles

250 eggs laid in
the fj rst cycl e

300 one-di I ated (ovariol es)
I| 200 egss Iaid in
I ttre second cycl e

I

200
100

one-d'il ated
two-di I ated

150
50

100

150
100
50

one-di I ated
two-di I ated
three-di I ated

one-di I ated
two-di I ated
three-dì I at,ed

Random oogenesis. To sjmulate random oogenesis it was assumed that
equal proportions of ovarioìe types were committed to normal
oogenes i s .

Nonrandom oogenes'is. An ovariole, once commjtted to abortjve
oogenesis, was committed to abort'ive oogenesjs in subsequent
cycl es.

The occurrence of 2- to n-d'il ated di agnost'ic ovari ol es (1 pedi ceì )ìs dependent on abortive oogenesìs. The number of diagnostic ovarioles
may be jncreased by a reductjon'in fecundìty, and decreased by the
effects of random oogenesis. The frequency of djlated dìagnostìc
ovarjoles wjth a pediceì, wouìd be affected by random oogenesis during
the second cycìe. In a normal ovary there may be a smalì proportion of
quìescent folljcles 'in different ovarjole types jn each cycie. This
would complicate the phenomena descrjbed above.

150 eggs laid in
the third cycìe
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Append'ix IV. hlul I iparous Cwlex restuans (21'C)

The mean maxjmum number of pedìcel cells in any 0-d'ilated ovarjole
(per female, n=117) was 11.110.2 (6-17) cells.

Fifty-two per cent of dilatat'ions in 1-dilated ovarioles (n=696)
had a rel'ic, 4I% lacked a reljc and 8% had a strand of celìs through the
dilatation. Twenty-three per cent of 1-dilated ovarioles had a basal
diìatatìon, one had an acellular pedìcel and the remainder (77%) had
pedìcels w'ith more than two adjacent cells (62% of these had ) 5 ce1ìs).

The proportion of 0-dìlated ovarjoles (n=5584) w'ith a stage N

prìmary follicle was 0.1%. Forty-seven per cent of 1-djlated ovarioles
had a stage N secondary foìlicle.
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Ãppendix V. Ovarioles in mu.ltiparous autogenous-anautogenous Culi seta
i nornata

Each scale bar represents 25¡rm. bd - basal d'ilatat'ion, c - ca'ìyx, df -
degenerating follicle, f - follicle at stage I-lI (Watts and Sm'ith
1978), lc - lumen of ca1yx, o - oocyte, p - pedìce1, t - trophocyte,
unl abel I ed arrow - d'il atati on.

Fig. I

Fig. 2

F'ig. 6

Fig. 7

Fig. 3

Fjg. 4

Fig. 5

One of three diagnostic ovarjoles found jn a 35-37 day oìd
F11 four-par wh j ch I aìd I0l eggs 'in the fourth cyc'le.

One of seven 4-djlated ovarjoles found'in a 50-52 day old F8
f ive-par wh'ich laid 54 eggs in the fìfth cycle. The 'intact
pedicel jndjcates that thjs ovar.iole js diagnostìc (Lange
and Khok 198i). However, diagnostic ovarioles were not found
in this female.

One of nine djagnostìc ovarioles found in a 24-26 day oìd
F10 three-par. Thjs ovarjole never ovulated. One rogue
ovariole was found in this female.

Longì tudi nal pì astì c sect i on (zpn) of nul ì i parous ovary 2-5
hours post aduìt eclosjon. The follicles are at stage N.

One of two 4-di I ated ovari ol es wi th the fi fth fol I i cl e
degenerating (S-par described in Fig. 2). In the absence of
diagnost'ic ovarioles, this ovariole type provided the best
jndjcatjon of parity status.

One-dilated ovariole which ovulated jn the fourth cycìe (4-
par described in Fig. 1).

One of eìght dìagnostic ovarjoles found jn a 24-26 day old
F10 three-par. Th'is ovariole ovulated jn the fjrst cycìe,
but not ìn subsequent cycles.

Females were selected for autogeny and maintained on 3% sucrose at
a temperature of 24"C and a photoperjod of 161:8D. Nul'lìpars of
alternate generations (except F9), and al1 pars, were blood-fed. Females
were djssected 1-2 days after ovìpos'itjon.

F8 one-pars (n=56) lajd a mean (tSE) of 30.7!1.6 autogenousìy
developed eggs. Fl1 one-pars (n=9) lajd a mean of 14.2!2.1 autogenously
developed eggs. F10 one-pars (n=15) lajd a mean of 218.3t1i"1
anautogenousìy developed eggs.




