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Effects of Polydispyrenia simulii (Microspora; Duboscqiidae)
on Development of the Gonads of Simulium pertinax
(Diptera; Simuliidae)

A Castello Branco Jr

Departamento de Ciéncias Farmacéuticas, Faculdade de Ciéncias Farmacéuticas, Nutricionais e do Esporte,
Universidade de Marilia, Av. Higino Muzzi Filho 1001, 17525-902 Marilia, SP, Brasil

The effects of the infection caused by the microsporiéialydispyrenia simuliin gonads of the
simuliid Simulium pertinaxwere evaluated. This blackfly species is the main target of control programmes
in southeastern Brazil. Infected and noninfected blackflies were reared from larval stage to adults using
a laboratory rearing system. There was no significant difference between the oogenic development and
dimensions of ovarian follicles of healthy females compared to those reared from infected larvae. Other-
wise, there was a significant difference between the fecundity of healthy females and those reared from
infected larvae. In males, there was an evident reduction of motility of spermatozoids of males reared
from infected larvae. The results obtained suggest that the microspoRdgimulii have an important
effect on the natural population dynamics®fpertinax.
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Microsporidial infections of insects are oftenate the effects of the infection caused by the
chronic and nonlethal in nature. ConsequentlynicrosporidiumPolydispyrenia simuliin the go-
epizootics of these pathogens do not usually resuiads of both sexes of the blackllypertinaxeared
in dramatic suppression of host populations. Rathdrom heavily infected larvae.
such pathogens exert su'blethal effects on the!r hosts MATERIALS AND METHODS
such as reduced fecundity, shortened longevity and } )

a general loss of vigor. Larvae ofS. pertinaxwere collected from their

Medically important insects and agriculturalhatura| breeding sites and kept in a laboratory rear-
pests have been investigated for a long time witRig system adapted from Raybould and Grunewald
regard to sublethal effects caused by microd1975) (Fig.). Separate rearing systems were
poridiosis (Gaug|er & Brooks 1975, Andreadis &StOCked with bIaCkfIy larvae infected and not-in-
Hall 1979, Andreadis 1983, 1985, Sweeney et alected withP. simulii Adults of both sexes origi-
1989, Lockwood & Debrey 1990, Castello Brancdating from healthy and infected larvae were ob-
Jr 1998). Blackflies represent an important familjiained from the system and then transfered to glass
among the medically important insects due to theftolding chambers of 0.29 m3. The rearing system
role as vectors of human and animal helminthias@nd the chambers were maintained at room tem-
and because the nuisance caused by their bitiRgrature without photoperiod control. The adults
habit (Crosskey 1990%imulium pertinaxKollar ~ originated from healthy and infected larvae were
is the most antropophilic species occurring ifkept separate.
southeastern Brazil and is the main target of gov- Human bait (nude forearm) was offered to the
ernment and other control programmes in thedemale flies twice a day (40 min each one). Filter
areas. paper bands soaked in 20% sucrose solution were

A|though microsporidia are considered theﬁ'SO provided for the adults to feed. After blood
most common and worldwide blackfly pathogenfeeding, eacts. pertinaxfemale was maintained
their ecology and epizootiology are poorly knowrin glass vials of 40 ml containing filter paper bands
in this host group. The aim of this work is to evalusoaked with sucrose solution.

S. pertinaxmales and females were dissected
in 0.85% saline solution at regular intervals. Fe-
males were dissected after the seventh day from
the first blood meal while males were dissected

Fax: +55-14-422.3118. E-mail: abranco@mii.zaz.com kfter the fourth day from the adult fly emergence.
Received 15 September 1998 The testes and ovaries were examined under the
Accepted 24 February 1999 microscope (100x up to 1,000x). The motility of
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spermatozoids was measuredbirpertinaxmales Table | shows the follicles dimensions of
as the time interval between the beginning of theealthyS. pertinaxfemales. An evident increase
observation up to the moment that spermatozoids dimension is noted in all developmental stages.
showed no more movements. In females, the stagbée mean number of eggs in healthy females was
of ovarian development was determined and th¢23.5 ranging from 345 to 502 eggs. The mean
developing follicles and eggs were measured amlmber of developing follicles was 193.25 per
counted. A volume estimation of follicles was cal-ovary ranging from 117 to 265 follicles per ovary.
culated by the spheroid prolade formula [V=0.5236 Table Il shows the follicles dimensions (stage 1)
.W2_ L; V: volume, W: width, L: length] (King & of healthy females and those originating from
Vanoucek 1960). Follicle development was charheavily infected larvae. There was no significant
acterized using the modification of Christopher'difference in size of follicles, nor was there any
concept for mosquitoes (Charlwood et#80).  difference in the sequence of oogenic cycles (stage
1 up to stage 5) between healthy females and those
originating from infected larvae.

There was a significant reduction of 31.2% in
the fecundity of females originating from infected
larvae (Table 111).

Spermatozoids of health$. pertinaxmales

Zie (n=20) showed a mean movement time of 10 min
c under microscope observation. Otherwise the sper-
/ matozoids of males originated from infected lar-

I vae (n=10) moved for only 2 or 3 min (Table 1V).

DISCUSSION

B L] The size of. pertinaxeggs (Table I) were simi-
E:@ lar to those reported for other simullids (Crosskey
1990, Pegoraro 1993). But the number of eggs in

S. pertinaxfemales differed from the number re-
Blackfly rearing system. A: higher water reservoir; B: lowerported by Pegoraro (1993). We believe that
water reservoir; C: wood ramps for blackfly colonization; DiPegoraro’s data o®. pertinaXecundity may have
ﬁm’t”c water pump; E:tap system. Arrows indicate the watgge oy \nderestimated, since he studied females of
' unknown age collected from field. In the present
RESULTS work, we used females reared in the laboratory, all
of the same age. Thus, the present results should
Each ovariole of the two polytrophic-meroisticdemonstrate the real reproductive potential of nul-
ovaries ofS. pertinaxcontains a terminal liparousS. pertina¥emales.
germarium and a series of follicles which are at- The comparison between the follicle size of
tached proximally to the oviduct into which a com+healthy females and those originating from infected
pleted egg is shed at the end of each oogenic cyclgrvae (Table I1) was possible only for stage 1 due
Five distinct stages of follicular development werego the low number of adults obtained. A higher stan-
evident after ovary dissection. They are similar tgard deviation was obtained for the follicles of fe-
those described for mosquitoes and other blacknales originating from infected larvae suggesting
flies species. Stage 1 is initially caracterized by thg higher phenotipic heterogeneity.
presence of two to eight cells that later differenti- The site ofP. simuliiinfection is the larval fat
ate in the ovum and the nurse cells. The yolk depgody (Castello Branco Jr 1994. simulii spores
sition begins at stage 2 and eventually the yolk o@re eliminated from the host during the pupal stage
cupies up to about one-third of the follicle. Theof the host by means of a histolytic process. In this
initial deposition of yolk granules is spread insid&vay adults originating from infected larvae are free
the follicle. Posteriorly, it is aggregated arounaf infection (Castello Branco Jr 1994). Therefore
the oocyte nucleus. At stage 3, the yolk depositiofhe cause of such higher heterogeneity of follicles
continues and yolk then occupies about one half &ze could due to a reduction of energetic reserves
two-thirds of the follicle. At stage 4, the yolk oc-in the immature stages due to microsporidian in-
cupies about 70% to 90% of follicle volume, andection.
the nurse cells occupy the distal portion of the fol- The reduction in fecundity could also be due
licle. Stage 5 is characterized by completion of yolko compromised energy reserves inimmature stages
deposition and membrane formation. At this staggue to the infection. This reduction of fecundity
the next follicle is at stage 1. due to microsporidiosis has been reported in lepi-
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TABLE |
Mean dimensions of follicles at different stages of development in heilthylium pertinaXemales
Stage n Width (um) Length (um) Volume (fim
X s X S X S

1 35 46.6 0.004 56.8 0.003 6.5%10 0.003
2 23 70.7 0.010 85.3 0.013 22.3%10 0.010
3 20 79.3 0.010 105.0 0.012 35.6%10 0.011
4 33 168.0 0.016 263.9 0.017 39.0%10 0.016
5 10 174.1 0.017 276.2 0.020 43.8%10 0.019
n: number of measurements; X: mean; s: standard deviation.

TABLE Il

Mean dimensions of follicles (stage 1)Simulium pertinaXemales originating frorPolydispyrenia simulii
infected larvae and from healthy ones

Females N (n) Width (um) Length (um)

X S X S
Healthy 35 (197) 46% 0.004 56.8 0.003
Infected 56 (271) 3838 4.120 50.4 4.150

N: number of individuals (flies); (n): total number of follicles examined; x: mean; s: standard deviation; means
followed by a common letter are not significantly different attlke0.05 level.

TABLE IlI dopteran, orthopteran, coleopteran and even dipter-
Mean number of follicles per ovary Simulium ous hosts (Castello Branco Jr 1998). A drastic re-
pertinaxfemales originating frorRolydispyrenia  duction of 77% was reported Nosema whitein-
simulii infected larvae and from healthy ones  fection inTribolium castaneur(Armstrong & Bass
1986). Even in lepidopteran parasites such as

Females Trichogramma nubilalehere was a fecundity re-
Healthy Infected duction when the hosts were infected with
n 30 7 microsporidia (Sajap & Lewis 1988). On the other
X 262.3 180.4° hand, there are reports that microsporidiosis caused
s 40.9 80.1 by Amblyosporapp. in some species of culicidae

n: number of individuals (flies); x: mean; s: standarhowed no evidence of reduction of fecundity
deviation; means followed by a common letter are ndf\ndreadis & Hall 1979, Andreadis 1983, 1985,
significantly different at thep < 0.05 level. Sweeney et al. 1989).
The reduction of motility of spermatozoids of
S. pertinaxmales originating from infected larvae
may also be due to a reduction in energy reserves

TABLE IV in the larval and pupal stages. Once spermatogen-
Mean time motility (minutes) of spermatozoids of €sis initiates during the last larval or pupal stages
Simulium pertinaxmales originating from (Dumser 1980), it is possible that the micros-
Polydispyrenia simuliinfected larvae and from poridian infection could interfere with the forma-
healthy ones tion of the mitochondrial derivatives of sperm tail,
Males causing the reduction of the movement time. Fur-

ther studies are necessary to elucidate this process.

Healthy Infected During the dissections no microsporidian
n 20 10 spores were detected$n pertina>ovaries and tes-
X 9.88 2.0° tes of females and males originating from heavily
S 0.98 1.05  infected larvae.

n: number of individuals (flies); x: mean; s: standard P. simuliimicrosporidiosis has been studied in
deviation; means followed by a common letter are ndilackflies for a long time by the author. The re-
significantly different at thep < 0.05 level. sults obtained in the present work and others



424  Effect of Microsporidiosis in Blackfly Gonads ¢ A Castello Branco Jr

(Castello Branco Jr 1991, 1994, Castello Branco Mermithidae),PhD Thesis, Unicamp, Campinas,
Jr & Andrade 1993) confirm that the maintenance 120 pp.

of this microsporidiosis should in fact be due tg>astello Branco Jr A 1998. Protozoarios entomo-
only horizontal transmission. Thus, vertical trans- Patogénicos, p. 571-603. In SB AlveSontrole
mission does not occur in this cagde results Microbiano de Insetos;ealq, Piracicaba, Sao Paulo.

also suggest that the effects of fecundit reductior%: astello Branco Jr A, Andrade CFS 1993, Studies on
99 y Polydispyrenia simulii (Microspora; Pleisto-

on population dynamics &. pertin_a_1xf|ie§ could phoridae) irSimulium pertinaxDiptera; Simuliidae)
be increased under natural conditions if we asso- j, Brazil. Mem Inst Oswaldo Cru88: 167.

ciate the reduction of the follicle number in femalegharlwood JD, Rafael JA, Wilkes TJ 1980. Métodos de
with the reduction of spermatozoid motility. Inthis  determinacéo da idade fisiol6gica em Diptera de

way, we believe tha. simuliicould be an impor- importancia médica. Uma revisdo com especial
tant regulator factor of natural population dynam- referéncia aos vetores de doengas na América do Sul.
ics of S. pertinax Acta Amazonicd0: 311-333.
Crosskey RW 1990rhe Natural History of Blackflies,
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