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Abstract: Females of seven sand fly species caught on man in several leishmaniasis-
endemic foci in Ecuador were examined to assess the value of the accessory gland
secretions as an indicator of parity. It was found that parous females could be
distinguished from nullipars by the presence of granular secretions in the accessory
glands in Lutzomyia ayacuchensis, probable vector of Leishmania in the Andean highlands
of southern Ecuador. Examination of the female accessory glands was not a reliable
method for determining parity in six other sand fly species caught in lowland areas,
including Lu. trapidoi, Lu. hartmanni, and Lu. gomezi, three proven vectors of Leishmania,
since glanular secretions were found in both parous and nulliparous females.

INTRODUCTION

Condition of the ovarioles has proved to be a useful characteristic for distinguishing
parous from nulliparous females in several groups of Nematocera, including Phlebotominae
(Detinova, 1962). This ovarian method has been thought of as impractical for routine work
due to the small size of the ovarioles in sand flies. Examination of the accessory glands of
the ovaries, which are large enough to examine quickly, is a useful method for distinguishing
parous females in several African sand fly species of the genus Phlebotomus (Adler and
Theodor, 1935; Lewis and Minter, 1960). Usefulness of this method seems to be dependent
upon the sand fly species involved when applied to the New World genus Luizomyia.
Accessory gland secretions were reported as a reliable sign of parity in three species from
northern California (Chaniotis and Anderson, 1967), and also in eight species from Brazil
(Lewis et al., 1970), but had no value for determining parity for many other Lutzomyia
species (Johnson and Hertig, 1961; Johnson et al., 1963; Lewis, 1965; Lewis ef al., 1970; Ward,
1974).

1 Division of Medical Zoology, Medical College of Oita, Hazama, Oita 879-56, Japan

2 Departamento de Parasitologia, Instituto Nacional de Higiene y Medicina Tropical, Apartado
3961, Guayaquil, Ecuador

3 Department of Entomology and Nematology, University of Florida, Gainesville, Florida 32611,
US.A. '

4 Department of Parasitology, Kochi Medical School, Nankoku City, Kochi 781-51, Japan



150

The present study was undertaken to determine if the accessory glands could be used to
determine parity of several Ecuadorian sand fly species, including some proven vectors of
Letshmania.

MATERIALS AND METHODS

Sand fly collections were made at five localities, i.e., Challuabamba and Paute, Depart-
ment of Azuay, both situated at altitudes of 2,300-2,500 m above sea level in the Andean
plateau; Echeandia, Department of Bolivar (altitude ca. 500 m a.s.l.), and Puerto Quito,
Department of Pichincha (altitude 450 m a.s.l.), both situated in the western foothills of the
Andes; and Pajan, Department of Manabi, in the Pacific coastal region (altitude ca. 20 m a.
s.l.). All of these localities lie in regions where Leishmania is endemic (Hashiguchi, 1987). At
Challuabamba and Paute, collections were carried out for three and six nights respectively
on rocky hillsides covered in grasses, small shrubs and Agave plants. Tree cover was confined
to sparse groves of young Fucalyptus on the lower slopes.

At the other study sites, sand fly collections were made for one or two nights in secondary
forest near human habitation except at Pajidn, where insects were captured in a coffee
plantation.

Flies that alighted on human volunteers between 18.30 and 21.00 were captured using a
mouth aspirator (Hashiguchi, 1987) and maintained overnight in small plastic vials provided
with sufficient moisture. Female sand flies captured were dissected in saline on a glass slide
and the accessory glands checked microscopically for the presence of granular secretions. At
the same time, ovaries were examined to determine their parous state, using the follicular
relic method of Detinova (1962); the shapes of the spermatheca and cibarium were observed
for sand fly identification, which was done using keys of Young (1979) in reference of Caceres
and Bianchi (1988).

The guts of all dissected sand flies were examined for the presence of blood meals. A
number of sand flies caught at Challuabamba were allowed to take blood from an anesthet-
ized golden hamster, and kept in a plaster-lined 120 m/ plastic vial provided with a piece of
sugar cane at a temperature of 15-20°C for three, seven or nine days. The accessory glands
of these fed flies were then examined to determine whether granular material had been
secreted in accordance with the gonotrophic cycle. The methods of collection of adult sand
flies were detailed previously by Hashiguchi e a/l. (1985), and for ovarian dissection by Lewis
(1965).

RESULTS

A total of seven sand fly species taken in human bait collections in the five localities
sampled were examined. The numbers of females of each species with or without accessory
gland secretions, in relation to their parous state as demonstrated by the ovarian method, are
shown in Table 1. In Lu. ayacuchensis Caceres and Bianchi from Challuabamba and Paute,
granular secretions in the accessory glands were seen in all 27 parous females but not in most
nulliparous females.

The nine nulliparous flies with granular secretions had developing follicles of stage Illa,
but these were all among those that had fed on varying quantities of blood after being
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Table 1 Granule secretions of accessory glands in relation to parity in
seven anthropophilic sand fly species examined during July -
August, 1988 in Ecuador

Granule secretions

Lutzomyia spp. Blood No. ﬁies present absent
meal! examined N2 P2 N P
ayacuchensis
Challuabamba - 52 0 7 45 0
+ 12 6 2 4 0
Paute - 41 0 15 26 0
+ 16 3 3 10 0
trapidoi
Echeandia - 84 38 16 28
+ 6 6 0 0 0
Puerto Quito - 11 7 1 3 0
hartmanni
Echeandia - 35 13 13 9 0
+ 5 3 1 1 0
Puerto Quito - 28 14 8 6 0
+ 4 3 0 1 0
carverai thula
Echeandia — 2 1 1 0 0
panamensis
Puerto Quito - 12 4 5 3 0
gomezi
Pajan - 49 33 16 0 0
+ 14 10 4 0 0
shannoni
Pajan - 7 2 5 0
+ 1 1 0 0 0

1, Fed to a varying degree when collected on men
2. N: nulliparous; P: parous

Table 2 Changes in secretions of accessory glands of Lutzomyia ayacuchensis from
Challuabamba, fully fed on blood from hamster and kept on sugar cane at
a temperature of 14-20°C

Day after blood feeding

Group 1 3 5 7 9

fed 4/41 4/4 5/5 5/5 16/18
(IlTa)? (I1Ib) (IV) (V)2 (V)3

unfed — — 0/1 — 0/3

(=) (=) (ID (=) (ID

1. No. positive for granule secretions/no. examined

. Follicular stage

3. Eggs were already deposited in 1 of the 5 females dissected on day 7 and in 17 of
the 18 females dissected on day 9.

[\
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collected. The granules found in these nulliparous females are therefore considered to have
been secreted after the blood meal taken on the preceding day.

In contrast, Lu. trapidoi (Fairchild and Hertig), Lu. hartmanni (Fairchild and Hertig),
Lu. panamensis (Shannon) and Lu. carrerai thula Young collected from Echeandia and
Puerto Quito showed discordant relations between granular secretions and parity. Accessory
gland secretions were found in more than half of the nulliparous females, as well as in most
of the parous females. All the unfed nulliparous females with granular secretions had foilicles
of stage I or II.

Accessory gland secretions were seen in all females irrespective of parity, in two
Lutzomyia species caught from Pajan. No developing follicles were seen except in blood-fed
flies, which had stage Illa follicles.

The results of dissections of female Lu. ayacuchensis kept for several days after blood
feeding are shown in Table 2. This sand fly species was gonotrophically concordant. Egg
maturation required approximately seven days, and eggs were laid shortly thereafter. The
granules in the accessory glands began to be secreted soon after the blood meal, and were
accumulated gradually as follicular development proceeded; the accessory glands enlarged
and were filled with dark granules within five days of blood feeding. The accessory glands
in 16 of 18 flies which had oviposited had remnants of dark granules in varying amounts, while
those in the remaining two females had no residues and resembled those of nullipars. One and
three unfed females, examined five and nine days after collection respectively, had no granule
secretions and exhibited no follicular development beyond stage II.

DISCUSSION

The present study clearly demonstrates that the accessory glands are a reliable organ for
distinguishing parous from nulliparous females of Lu. ayacuchensis from Challuabamba and
Paute. Granular secretions in the glands of this sand fly were apparently produced only after
a blood meal was taken. The changes in the quantity of granular secretions during follicular
development and after oviposition are the same as those observed in three Californian sand
fly species by Chaniotis and Anderson (1967). It should be remembered that not all females
with granular secretions can be judged as parous, since some of the blood-fed nulliparous
females might have secreted granules shortly after feeding. In future studies it would
therefore be better to discard blood-fed females or to also check the ovarian follicles when
examination of these females is required. There is also a possibility that some parous females
are mistaken for nulliparous when granules are entirely expelled from the accessory glands
after oviposition, as demonstrated in two of the 18 wild-caught females that laid eggs in the
laboratory during the present study.

At present little is known about the biology of Lu. ayacuchensis or its role in the
transmission of Leishmania in the Andes of southern Ecuador. This species was first recorded
from Ecuador during the present study but originally misidentified as its close relative, Lu.
peruensis (Shannon). Closer examination revealed that the sand fly fauna of the Paute area
consisted of two closely related species, i.e., Lu. avacuchensis and Lu. osornoi (Ristorcelli and
Van Ty), both of which are anthropophilic and may be involved in transmission of Leish-
mania in the area. Our findings will facilitate future studies on bionomics and dynamics of
wild populations of Lu. ayacuchensis, and may also applied in the future to Lu. osornoi.
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By contrast, the accessory gland secretions did not prove to be useful in distinguishing
between parous and nulliparous females for Lu. trapidoi, Lu. hartmanni, Lu. panamensis and
Lu. carrerai thula collected from Echeandia and Puerto Quito. The first two species have
been reported as probable vectors of leishmaniasis in Ecuador (Hashiguchi ef al., 1985),
while Lu. panamensis is a proven vector of Leishmania in Panama (WHO, 1984). In each of
these four species, granular secretions were seen in most parous females, but more than half
of the unfed nulliparous females dissected also had granular secretions. It may be that
‘accessory gland secretions are produced a few days after eclosion, irrespective of whether or
not a blood meal is taken, as has been observed in Lu. longipalpis (Lutz and Neiva) from
Brazil (Ward, 1974).

Accessory gland secretions were observed in all dissected females of Lu. gomez:
(Nitzulescu), another suspected vector of Leishmania in Ecuador (Hashiguchi, 1987), and Lu.
shannoni (Dyar) from Pajan. This indicates that the glands are of no value in determining
parity. Lewis et al. (1970) reported that some females of Lu. shannoni in Belize and Lu.
gomezi, and three other species in Brazil were probably autogenous, based on the high
proportion of flies with granular secretions showing discordant ovarian development. No
sign of autogeny was seen in females of the two species collected from human bait in Pajin.
None of the ovarian follicles in unfed nulliparous females had developed beyond stage II, and
accessory gland secretions were found in all these females.

It appears that female accessory gland secretions are not associated with autogeny, and
they are probably produced shortly after adult emergence. Autogenous strains have been
reported in Lu. shannoni from Florida (Perkins, 1982) and in Lu. gomezi from Panama
(Johnson, 1961). It is possible that autogenous strains of these species also exist in Ecuador.
A somewhat high proportion of parous females (five of eight dissected, or 62.5%), among
those collected suggests that an autogenous population may be present. Further studies
would be required to determine whether this is the case.

At present, there are no reliable methods other than the ovarian relic method in determin-
ing reproductive parity of vector sand flies in lowland areas endemic for Leishmania. Further
efforts are needed to find out reliable methods of distinguishing parous from nulliparous
females.
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