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BIOLOGY OF AMAZONIAN ANOPHELINE MOSQUITOES. XVL
EVIDENCE OF MULTIPLE INSEMINATION (POLIANDRY) IN
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ABSTRACT

Genetic segregation among the descendants of Anopheles nuneztovari for the isoalleles ESTI*F,
ESTI1*S; EST2*F, EST2*S; EST6*F, EST6*M, EST6*S were analyzed in our laboratories. These analyses
indicated that effective multiple insemination (poliandry) occurs in natural populations of A. nuneztovari. 40
females were collected in the field, and eight descendants per female were submitted to electrophoresis. The
results indicated that at least 15% of the females had semen from two males and the remaining 85% had brood
fathered by a single male.

INTRODUCTION

Studies of the reproductive behavior of different species of mosquitoes have
shown that the females are either exclusively or predominantly monandric (monogamic)*
(French and Kitzmiller, 1963; Jones and Wheeler, 1965; Craig, 1967; Bryan, 1968, 1972;
Asman, 1975; Santos et al., 1981 and Baimai and Green, 1987). This apparently is related
to a pheromone (matrone) produced by the males which is transferred to the females
during copulations and prevents subsequent inseminations (Craig, 1967; Spielman et al.,
1967; Fuchs et al., 1969; Bullini et al., 1976). Leahy and Craig (1965) suggested the
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possibility that this pheromone could be involved with an increase of oviposition in Aedes
aegypti. However, the literature also reports the occurrence of multiple inseminations
(poliandry) in species of Anopheles, Culex and Aedes (Vande Hey and Craig, 1958;
Goma, 1963; French and Kitzmiller, 1963; Gwadz et al., 1971; Bullini et al., 1976;
Baimai and Green, 1987).

Females of Anopheles nuneztovari and their descendants were studied to verify
the occurrence of monandry or multiple insemination using as genetic markers the
segregation of alleles of esterase isozymes.

MATERIALS AND METHODS

The samples analyzed were collected in the rain forest of Base 4 which is located
on the right bank of the Tucurui reservoir (Para State, Brazil). After capture, the females
were fed chicken blood (Gallus gallus) and then separated individually into cups for
oviposition. Following the hatching of the eggs, the larvae of each brood were kept in
separate trays until the emergence of the adults, according to Scarpassa (1988) and
Scarpassa and Tadei (1990). Forty females and eight descendants of each, collected at
random, resulted in a total of 320 descendants analyzed. The females collected in the
field and their respective descendants (fourth instar larvae, pupae and young adults) were
submitted to electrophoresis in 12.5% starch gel. The buffer solutions were prepared
according to Lima and Mestriner (1985) and Falciao and Contel (1990), and the reaction
mixtures according to Harris and Hopkinson (1976). For the designation of the loci and
alleles, the nomenclature proposed by Shows et al. (1979) was used. After staining of the
esterase activity zones, the readings of the phenotypes were done for loci ESTI, EST2
and EST6. Based on the segregation of the alleles EST1*F, ESTI*S; EST2*F, EST2*S;
EST6*F, EST6*M, EST6*S, the genotypes of the mother and descendants were easily
recognizable and the paternal genotypes could be inferred. For the patemnity tests, we
took into account the segregation of the alleles in each progeny, and the possibility of
fertilization of eggs by spermatozoids from one (Ho) or two (H1) males. The frequencies
obtained were compared by Chi-square.

RESULTS AND ANALYSES

The results of the analyses of the 320 descendants and the 40 females for
esterases 1, 2 and 6, respectively are shown in Tables I, II and III. For esterase 1 the data
permitted a deduction of the following four types of crosses: ? ESTI*F/ESTI*S x
8 ESTI*F/ESTI*S, 9 ESTI*F/ESTI*S x & ESTI*S/ESTI*S, 9 ESTI*S/ESTI*S x
8 ESTI*F/ESTI*S; @ ESTI*S/ESTI*S x & ESTI*S/ESTI*S. For the second and third
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crosses the frequency of the phenotypes observed showed that only one male is involved
in the fertilization of the eggs (X3=1.0-P>005; X§= 0.00 - P > 0.05, respectively for
the second and the third). The hypotheses of a second male was tested only for the 1%
crossing (? ESTI*F/ESTI*S x 8 EST1*F/ESTI*S), but the chi-squared values indicated
spermatozoids of only one male (H, - X 3= 3.7; P > 0.05/H; - X2=1.8; P<0.01). For
the fourth crossing, where all the descendants showed a EST1 S/EST1 S phenotype, the
chi-square was not calculated ( ? ESTI *S/ESTI*S x 8 ESTI*S/ESTI*S).

Table I -Phenotypes observed for esterase 1 in the offspring of the crossings and chi-square values of the
patemity tests.

1st Crossing: ESTI*F/ESTI*S"* x ESTI*F/ESTI*S**

Descendants Ho H

y 2 2
Phenotype Expected Frequency Espl X5 Esp2 X,
observed probability in progeny Total FS FS

1 2 3 4 FF

EST1 F/EST1 F 025 3 33 12 8 2.0 12 00
EST1 F/EST1 S 0.50 3 2 3 11 16 1.6 16 1.6
EST1 S/EST1 S 025 2 2 3 2 9 8 0.1 4 62
Total 32 32 3.7 32 7.8*

2nd Crossing: ESTI*F/ESTI*S" x ESTI*S/ESTI*S™

Descendants _ Ho
Phenotype Expected Frequency Esp1 X?
observed probability in progeny Total SS
) 1 2

EST1 F/EST1 S 0.50 4 2 6 8 .05
EST1 S/EST1 S 0.50 4 6 10 8 0.5
Total 16 . 16 1.0

Continued
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Table I - Continued

3rd Crossing: EST1*S/EST1*S* x EST1*F/EST1*s**

Descendants Ho
Phenotype Expected Frequency Esp1 Xf
observed probability in progeny Total FS
1 2
EST1F/EST1 S 0.50 5 3 8 8 0.0
EST1 S/EST1 S 0.50 3 5 8 8 0.0
Total 16 16 0.0

4th Crossing: ESTI*S/EST1*S" x EST1*S/ESTI*S"*

Descendants
Phenotype Frequency
observed in progeny Total
1

EST1 S/EST1 S 8 8

¥ - Observed matemal genotype.
*¥ - Inferred patemal genotype.
H, - Hypothesis of insemination by one male (Expected 1)
H; - Hypothesis of insemination by two males (Expected 2).
** - P<0,01.

The results of esterase 2 showed six types of crosses (Table II). The hypothesis
* of a second male was considered for the first cross. Although the values of chi-square are
not significant in these cases, the data give more support to the hypothesis of insemjnation
by two males (? EST2*F/EST2*S x 8 EST2*F/EST2*S - X % =2.75 [Ho) and 0.55 [Hi];
Q@ EST2*S/EST2*S x 8 EST2*F/EST2*S - X } = 2.20 [Ho] and 0.28 [H], P > 0.05). For
the crossing - ? EST2*F/EST2*S x & EST2*S/EST2*S (third types) the data indicate
fertilization by a single male (Xf = 3.33; P > 0.05) which can be extended to the
homozygote crossings - QEST2*F/EST2*F x & EST2*F/EST2*F an.
Q EST2*S/EST2*S x 8 EST2*S/EST2*S (fifth and sixth types, respectively).
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Table II - Phenotypes observed for esterase 2 in the offspring of the crossings occurred in nature and chi-square

values of patemnity tests.

Ist Crossing: EST2*F/EST2*S" x EST2+*F/EST2*S"*

Descendants H;

Phenotype Expected Frequency Espl X 2 Esp2 Xg
observed probability in progeny Total FS FS

1 FF
EST2 F/EST2 F 0.25 4 2 2.00 3 0.30
EST2 F/EST2 S 0.50 3 3 4 0.25 4 0.25
EST2 S/EST2 S 0.25 1 2 0.50 1 0.00
Total 8 8 275 8 0.55
2nd Crossing: EST24S/EST2*S" x EST2+*F/EST2*s"*

Descendants H;

Phenotype Expected Frequency Espl X f Esp2 X f
observed probability in progeny Total FS FS

1’ FF
EST2 F/ESTZ S 0.50 6 5 11 8 1.1 12 0.08
EST2 S/EST2 S 0.50 2 3 5 8 1.1 4 0.20
Total 16 16 220 16 0.28
3rd Crossing: EST2*F/EST2*S* x EST2+S/EST2*S"*

Descendants Ho
Phenotype Expected Frequency Esp1 Xf
observed probability in progeny Total SS
1

EST2 F/EST2 S 0.50 2 4 8 . 20
EST2 S/EST2 S 0.50 6 12 8 1.33
Total 16

16 333
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Table II - Continued
4th Crossing: EST2*F/EST2*S" x EST2*F/EST2*F"*
Descendants Ho
Phenotype Expected Frequency Esp 1 X:
observed probability in progeny Total FF
1
EST2 FIEST2 F 0.50 7 7 4 2.25
EST2 F/JEST2 S 0.50 1 1 4 225
Total 8 8 4.50*

5th Crossing: EST2*F/EST2*F" x EST2*F/EST2*F**

Descendants
Phenotype Frequency
observed in progeny Total
1 2 3 4
EST2 F/EST2 F 8 8 8 8 32
6th Crossing: EST2*S/EST2*S" x EST2*S/EST2*s""
Descendants
Phenotype Frequency
observed in progeny Total
1
EST2 S/EST2 S 8 8

¥ - Observed matemal genotype.
** _ Inferred paternal genotype.
H, - Hypothesis of insemination by one male (Expected 1).
H; - Hypothesis of insemination by two males (Expected 2).
* - P <0.05.
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The results of the 4th crossing - ? EST2*F/EST2*S x 8 EST2*F/EST2*F which
showed significant chi-squared values (X“; = 4.50; P < 0.05) can be explained by the low
viability of the heterozygotes (EST2 F/EST2 S). For esterase 6 (Table III) 10 types of
crossings were detected. As in the former cases, considering the phenotypes of the
progeny, the test for a second male was run for the first, third and fourth crossing.
However, for the first crossing where chi-squared values were significative for Ho and
Hi (X2=16.0; P <0.001 - X 3= 21.9; P < 0.001, respectively), the results indicate that
the hypothesis of insemination by a single male is a better fit. On the other hand, the low
viability of the heterozygotes (EST 6 F/EST6 M) should be considered. The hypothesis
of a single male also extends to the fourth crossing because the chi-square was not
significant for Ho (Ho - X3 = 0.50; P > 0.05 / Hj - X2 6.0; P < 0.01). Based on the
chi-square values, in the third crossing, the hypothesis of insemination by two different
males is a better fit (H, - Xf =2.20;P>005/H; - Xi = 0.33; P> 0.05). For the crossing
- @ EST6*M/EST6*M x 3 EST6*F/EST6*M; ? EST6*F/EST6*M x 8 EST6*F/EST6*F
and ? EST6*F/EST6*M x 8 EST6*M/EST6*S (second, fifth and sixth types), based on
the phenotypes detected, the data are consistent with the fertilization of eggs by sperma-
tozoids of one male. The same was observed for the crossings - ¢ EST6*F/EST6*F x
3 EST6*M/EST6*M; Q EST6*F/EST6*F x 8 EST6*F/EST6*F;  EST6*M/EST6*M x
& EST6*M/EST6*M (seventh, eight and ninth types), only one phenotype was observed.

Table III - Phenotypes observed for esterase 6 in the offspring of the crossings and chi-square values of the
patemity tests.

1st Crossing: EST6*F/EST6*M” x EST6*F/EST6*M" *

Descendants Ho H

Phenotype Expected Frequency Espl Xg Esp2 Xg
observed probability in progeny Total FM M

1 2 3 4 5 6 FF
EST6 F/EST6 F 0.25 4 1 4 5 5 3 22 12 83 18 09
EST6 F/EST6 M 0.50 0 11 24 7.0 24 170
EST6 M/EST6 M 0.25 4 5 3 1 0 2 15 12 07 6 140
Total 48 48  16.0*** 48 2]1.9***

Continued
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Table III - Continued
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2nd Crossing: EST6*M/EST6*M" x EST6*F/EST6*M" *

Descendants Ho
Phenotype Expected Frequency Esp 1 X:
observed probability in progeny Total FM
1 2 3 4
EST6 FJEST6 M 0.50 3 4 16 16 0.0
EST6 M/EST6 M 0.50 5 4 16 16 0.0
Total 32 32 0.0
3rd Crossing: EST6*F/EST6*F* x EST6*F/EST6*M**
Descendants H
2
Phenotype Expected Frequency Espl X i Esp2 X,
observed probability in progeny Total M M
1 2 FF
EST6 F/EST6 F 0.50 4 7 11 8 1.1 12 008
EST6 FJEST6 M 0.50 4 5 8 1.1 4 0.25
Total 16 16 2.20 16 0.33
4th Crossing: EST6*F/EST6*F" x EST6*F/EST6*S™
Descendants Hi
2 2
Phenotype Expected Frequency Espl X, Esp2 X,
observed probability in progeny Total FS FS
1 FF
EST6 F/EST6 F 0.50 3 4 0.25 6 15
EST6 F/EST6 S 0.50 5 5 4 0.25 2 45
Total 8 8 0.50 8  6.00**

Continued
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5th Crossing: EST6*F/EST6*M" x EST6*F/EST6*F" *

Descendants Ho
Phenotype Expected Frequency Esp 1 X“;
observed probability in progeny Total FF
1
EST6 F/EST6 F 0.50 3 0.25
EST6 FJEST6 M 0.50 5 0.25
Total 8 0.50
6th Crossing: EST6*F/EST6*M" x EST6*M/EST6*S"*
Descendants Ho
2
Phenotype Expected Frequency Esp 1 X3
observed probability in progeny Total MS
1
EST6 F/EST6 M 0.25 4 4 2 2
EST6 F/EST6 S 0.25 3 3 2 0.5
EST6 M/EST6 M 0.25 0 0 2 2
EST6 M/EST6 S 0.25 1 1 2 0.5
Total 8 8 5.0

7th Crossing: EST6*F/EST6*F" x EST6*M/EST6*M" *

Descendants
Phenotype Frequency
observed in progeny Total
1
EST6 FJEST6 M 8 8

Continued



8th Crossing: EST6*F/EST6*F* x EST6*F/EST6*F**
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Descendants
Phenotype Frequency
observed in progeny Total

1

EST6 F/EST6 F 8 8
9th Crossing: EST6*M/EST6*M" x EST6*M/EST6*M" *

Descendants
Phenotype Frequency
observed in progeny Total

1 2
EST6 M/EST6 M 8 8 16
10th Crossing: EST6*F/EST6*M" x EST6*F/EST6*S" *
EST6*M/EST6*S

Descendants
Phenotype Expected Frequency
observed probability in progeny
EST6 F/JEST6 F 0.125 1
EST6 F/EST6 S 0.250 0
EST6 F/JEST6 M 0.250 0
EST6 M/EST6 S 0.250 2
EST6 M/EST6 M 0.125 5
Total 8

¥ - Observed matemal genotype.
*# _ Inferred paternal genotype.

H, - Hypothesis of insemination by one male (Expected 1).

H) - Hypothesis of insemination by two males (Expected 2).

** =P <0,01; *** =P <0.001.

%
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The segregation of the alleles observed in the progeny of the last crossing (10th)
showed that the eggs were fertilized by spermatozoids from two males -
Q EST6*F/EST6*M x 8 EST6*F/EST6*S

& EST6*M/EST6*S

Considering the results of the esterase 1, 2 and 6, Ho was rejected in six cases,
which means a percentage of at least 15% of double insemination, for the 40 females
studied.

DISCUSSION

Knowledge of the occurrence of monandry and multiple insemination is relevant
to the interpretation of biological data of mosquitoes populations, particularly for the
genetic control of vector species. We registered low frequencies of multiple insemination
in A. nuneztovari. These data are in agreement with other records of multiple insemination
in Anopheles at low frequencies for example for Anopheles gambiae (Gillies, 1956;
Goma, 1963), Anopheles quadrimaculatus (French and Kitzmiller, 1963) and Anopheles
dirus (Baimai and Green, 1987).

In other genera of mosquitoes multiple insemination has also been observed, for
example, Aedes aegypti (Vande Hey and Craig, 1958, Gwadz et al., 1971) and Culex
pipiens L. (Bullini et al., 1976). In the case of A. aegypti, Gwadz et al. (1971) observed
multiple insemination only when several males copulated with the same female in a short
span of time. The same was found for C. pipiens L. (Bullini et al., 1976).

Although multiple insemination has been registered in different species of
mosquitoes, monandry is the predominant form. Predominance of monandry (85%),
which is what we report for A. nuneztovari, has also been shown for A. gambiae, A.
quadrimaculatus, A. dirus, A. aegypti and C. pipiens L. Exclusive monandry has been
registered in Anopheles darlingi (Santos et al., 1981), Anopheles maculatus (Baimai and
Green, 1987) and in three subspecies of the Culex pipiens complex, C. p. pipiens, C. p.
fatigans, C. p. molestus (Kitzmiller and Laven, 1958) and in Culex tarsalis (Asman,
1975).

Various authors have discussed two mechanisms which act during copulation
to guarantee the predominance of monandry. The first was emphasized by Gilles (1956)
and discussed by Bullini et al. (1976). This mechanism is represented by a mucoid mating
plug, formed during the first copulation. However, Bullini ez al. (1976) mention that the
efficiency of this mechanism is not complete, fertilization of the eggs by spermatozoids
of a second male can occur though at low percentages (10%). The other mechanism was
* proposed by Craig (1967) and Fuchs ez al. (1969) and apparently is the more efficient
(Bullini ez al., 1976). Monandry is guaranteed by the action of a proteic substance
produced by the accessory glands of the males, a pheromone (matrone) which is

[N
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transferred to the females during copulation. This substance inhibits further fertilization
of the eggs (Craig, 1967; Fuchs et al., 1969; Bullini et al., 1976, Santos et al., 1981).

The way in which these mechanisms operate was discussed by Bullini et al.
(1976). These authors demonstrated that the multiple insemination observed for C.
pipiens (4.4%) was the result of cases in which the female copulated twice within 48
hours. They also showed that it takes a little while for the pheromone to act. After which,
it apparently prevents subsequent inseminations. Similar conclusions had already been
proposed by Gwadz et al. (1971) for A. aegypti in which multiple insemination occurs
only when various males copulate with a female within a short span of time.

Considering the data we have on A. nuneztovari, in which multiple insemination
was observed at low frequencies, we suppose that this was a result of subsequent
copulations occuring within a short time, as reported for A. aegypti (Gwadz et al., op.
cit.) and C. pipiens L. (Bullini et al., op. cit.). With regards to C. pipiens L. the authors
estimated the time span to be 48 hours, based on laboratory experiments. As in our study
the females were collected in the field the time has yet to be determined.
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RESUMO

Com base nos resultados da segregagdo dos alelos de isoenzimas de esterase ESTI*F ESTI*S;
EST2*F, EST2*S; EST6*F, EST6*M, EST6*S, foi registrada a ocorréncia de miltipla inseminagao efetiva
(poliandria) em populagdes naturais de Anopheles nuneztovari. Foram estudadas 40 fémeas capturadas na
natureza, ¢ 8 descendentes por progénie, resultando em um total de 320 individuos analisados. Os resultados
evidenciaram que a multipla inseminagao ocorre em pelo menos 15% das fémeas, porém, como nas demais
espécies de mosquitos, a monandria (monogamia) é mais freqiiente (85%). Os scis casos de mmiltipla
inseminagdo constatados para A. nuneztovari, provavelmente, resultam de sucessivas copulas, ocorridas no

espago de 48 horas, igualmente ao descrito para Culex pipiens L..
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