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A closed colony of .utzomyia longipalpisvas established with specimens collected in the Raposa —
Serra do Sol indian reservoir, one of the main foci of visceral leishmaniasis in the State of Roraima,
Brazil. Biological observations were made on four generationg ofangipalpiscolony with emphasis
on productivity. Aspects studied were the number of laid and retained eggs, and the number of adults
(male and female) per generation. During the four generations the percentage of engorged females that
laid eggs varied from 64.2% (third generation-F3) to 90.3% (second generation-F2). The mean number
of eggs laid per female varied from 23.6 (F3) to 39.9 (first generation-F1). The maximum number of
eggs laid per female varied from 84 (F3) to 124 (F1). The mean number of retained eggs per female was
12.7 (parental generation-P and F1) to 22.1 (F2). The number of females exceeded the number of male:
in all generations. However, significant difference for male/female ratio was found only for F3. Fecun-
dity rates were between 42.1 (F3) and 58.3 (F2). From a total of 439 blood-fed females, 355 females laid
12,257 eggs that yield 5,354 adults (2,525 males and 2,829 females) in four generations. F2 presentec
maximum productivity and fecundity rates.

Key words:Lutzomyia longipalpi€olony - egg production - sex ratio - productivity - Roraima

Lutzomyia longipalpigs the main visceral leish- et al. 1996, Dujardin et al. 1997, Yin et al. 1999)
maniasis vector in Brazil (Deane 1956). Becauser within range of intrapopulational variation
of the need of adults for natural insecticide bioagAzevedo 1998, Mutebi et al. 1999).longipalpis
says (to be shown elsewhere) alongipalpis specimens from Roraima population had not been
colony was initiated. Colonies @f. longipalpis studied before regarding its productivity in captiv-
have been successfully established beforigy. Roraima presents ecological conditions diverse
(Sherlock & Sherlock 1959, Killick-Kendrick et from the Amazon Region. Savanna accounts for
al. 1977, Ready 1978,1979, Modi & Tesh 198325% of the Roraima vegetation (75% being tropi-
Buescher et al. 1984)). longipalpispopulations cal rain forest) and rainfall regimen is opposite to
from Central and South America show a great polythe rest of the Amazon. Specimens were collected
morphism in behavior, morphology and biochemiin a leishmaniasis focus in Maloca do Napoleéo
cal characters (Ward et al. 1983, Hamilton et a(Raposa - Serra do Sol indian reservoir) where the
1996, Dujardin et al. 1997, Mukhopadhyay et aldry period extends up to eight months per year.
1998a, b, Dias etal. 1998, Yin et al. 1999). Theddethods used in previous colony establishment,
results either leat. longipalpisdifferences to be mainly those of Killick-Kendrick et al. (1977) and
suspected as due to a complex of cryptic speci€®eady (1978), were used as guidelines for colo-
(Lanzaro et al. 1993, Warburg et al. 1994, HamiltonizingL. longipalpisspecimens collected at Maloca

do Napoledo, Roraima, Brazil. Aspects related to
productivity were studied and compared to previ-
ous findings. These aspects included mean and
maximum number of laid and retained eggs per

This work was partially supported by Capes (MSc schoféMale and per generation and, sex ratio. Produc-
arship to JFLM) and by the State Government of Roraim&Vity and fecundity were calculated.
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during four days in November 1996. These trapkarvae of all stages were daily fed with a 1:1 mix-
were placed in the peridomicile of a house and inure of ground and sieved rabbit food and rabbit
side a chicken roost, located in the vicinity of deces (Modi & Tesh 1983) kept at -40°C. Pots had
dam, in a place known as Maloca do Napoleddheir plaster lining changed after one week with-
This endemic visceral leishmaniasis area is locatenit adult emergency observation. The plaster
in the Normandia municipality (03°52'52”N, change aimed to avoid fungal and mite contami-
59°37'22"W, 100 m), Roraima, Brazil. The region nation. Pots were kept in closed 20 x 20 cm snap-
is formed by savanna, with a tropical humid cli-cap plastic boxes with sterilized sand to maintain
mate and maximum rainfall of 1,600 mm in Junghe humidity, and avoid mite infestation. After ovi-
(Ministério das Minas e Energia 1975). Localposition, females were dissected for observation
population is mainly formed by Macuxi indians.of the number of eggs retained in their ovaries. The
CDC trapped phlebotomines were transferred toumber of male and female adults emerged were
nylon cages (22 cf and blood-fed on a hamster. counted daily and transferred to nylon cages. These
Engorged females were transported in screw-caages were tightly closed in plastic bags with a wet
plastic pots (Nalgene 11 cm x 7 cm height, 500 ndotton-wool ball inside. A dark cloth was placed
capacity), modified. These modifications consistedround plastic bags to maintain adults in dark con-
in cutting off two circles of 9.5 cm diameter fromditions. Adult emergence was checked at 7:00 h
the cap and the bottom. The cap when closed hodshd 19:00 h daily. Fecundity rate for each genera-
a 20 cn? piece of nylon gauze. The bottom wagion was determined by dividing the total number
replaced by pouring freshly prepared plaster up tof eggs (laid plus retained) by the number of fe-
2 cm height. After the bottom was dried, plastemales. Productivity was calculated by dividing the
was poured on the sides of the pot. Pots containimyimber of adults (males and females) by the num-
collected phlebotomines were closed in plastic badgger of eggs laid (x 100) for each generation. Sta-
with cotton wool and ice, inside a polystyrene botistical analysis used Statigraphics v. 5.01 and
until arrival in the insectary in Manaus, State oSystat v. 5.01 software programs.

Amazonas. A slice of apple was placed on the top RESULTS

of the nylon gauze. Phlebotomine females were ) ] )

identified according to taxonomic keys (Ryan Males caught in Normandia, Roraima, pre-
1986). Rearing procedures followed Killick- sented a one-spot phenotype, i.e., tergite IV with
Kendrick (1987) with a few modifications. The paired pale patches of pheromone glands (Ward et
modifications introduced were the substitution ofl. 1983). Adults copulated 1 to 2 days after emer-
filter paper for sterilized sand inside snap-cap plagence irrespective of females being blood-fed.
tic boxes for maintenance of humidity level andoViposition occurred from 6 to 13 days after fe-
the change of sucrose solution for apple slices &ales were blood-fed on a hamster (data not
additional food source for the adults. Females weghown). Females readily fed on hamsters in either
blood-fed four days after emergence in anesthélark or light conditions. The percentage of blood-
tized hamsters. Thionembutal given intraperitofed females that laid eggs varied from 64.2% (in
neally was the anesthetic used. Dose varied frofie third generation-F3) to 90.3% (second genera-
0.4 mg/10 g hamster body weight to 15 mg/10 §on-F2, Table I). The great majority of females
body weight, as tolerance increased. Engorged féied after 24 h after oviposition (data not shown).
males were individually transferred to 30 ml glas&\o females were blood-fed a second time. Fungi-
vials with a piece of wet filter paper to |ay eggs_Cldes have been used |n_ sand flies C_0|On|eS for the
Labels containing dates of blood meal, ovipositio§ontrol of fungus contamination (Hertig & Johnson
and death were placed in those vials. Colony wa§61, Schmidt 1964). However, mite and fungal
maintained in the facilities of the Leishmaniasigontaminations were reduced by a few measures,
Laboratory (Coordenagéo de Pesquisas edp Changlng plaster every time larvae reached adult
Ciéncias da Saude, Instituto Nacional de Pesquis&@ge, by maintaining larval food in freezer (-40°C)
da Amazonia, INPA, Manaus). Insectary temperaand by flaming rearing tools. Even though not
ture and humidity were kept at 25-28°C and 75quantified, it was observed that males emerged 2-
80%, respectively. Data presented refers to Noverg-days before females. Adult emergence, also not
ber 1996-October 1997, when the colony reachéttantified, occurred mainly at the morning check-
the fourthgeneration (F4). After blood meal, slicesing time (7:00 h). The mean number of eggs laid
of app|e were p|aced on the ny|0n gauze aniger female was 23.6 (i 26.3) for F3to 399 (i 27.5)
changed every day. Egg production was verifieéPr F1 (Table ). The number of eggs laid by fe-
daily. Eggs were counted and separated in plast@@les in the parental generation-P is unknown, as
lined p|astic pots (Na|gene 11cm X 7 cm heigh@reVIOUS oviposition may have occurred prior to
500 ml capacity) to develop to larvae and pupaéollection. For the same reason, the total number
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of eggs, the number of males and females yielflpur generations exhibited a fecundity rate of 41.6
fecundity and productivity rates could not be ob{Table 1V). A total of 79 parental generation fe-
tained for P. The maximum number of eggs laiagnales yield in captivity 395 males and 432 females
per female varied from 84 in the F3 to 124 in thén the F1 generation (0.91 male/ female ratio, Table
first generation-F1 (Table I). The number of egg¥). Male/female ratio varied from 0.79 (F3) to 0.96
laid per generation was in the range of 2,236 (F3F4, Table V). Statistical tests showed a signifi-
to 3,919 (F1, Table I). The mean number of reeant difference in the male/female ratio only for
tained eggs varied between 12.7 (x 14.9-P andR3 (p<0.001, Table V). F2 produced the maximum
18.9-F1) and 22.1 (+ 24.0-F2, Table II). The maxinumber of males (1,105) and females (1,179) from
mum number of retained eggs per female was &,365 eggs laid by 84 females, presenting the high-
for P to 78 in the F2 (Table Il). The number ofest productivity (67.9%, Table V). F1 showed the
retained eggs per generation varied from 950oorest productivity 21.1%, with 395 males and
(fourth generation-F4) to 2,059 (F2, Table Il). To-432 females emerged from 3,919 eggs laid by 86
tal number of eggs produced (laid plus retainedgmales (Table V). For a total of 12,257 eggs laid
per generation varied from 3,687 (F4) to 5,424 (FZrom 355 females in four generations bf
Table IlI). Kruskall-Wallis and Dunn statistical testslongipalpis 5,354 adults emerged (2,525 males and
showed that there was a significant differenc@,829 females) with an overall productivity of
(p<0.001) for the mean number of laid eggs, foA3.7% (Table V). A summary of the results is given
the mean number of retained eggs and, for totai Table VI. A total of 18, 283 eggs (12,257 laid
eggs produced among the four generations. In reggs and 7,037 retained eggs) was obtained dur-
lation to fecundity, rates were from 42.1 (F3) tdng four generations df. longipalpisin captivity
58.3 (F2, Table 1V). When accounted together théTable VI).

TABLE |

Number of blood-fed females, number and percentage of egg-laying females, mean and maximum number of
eggs laid per female and, number of eggs laid per generation in four generatiotmuofyia longipalpign

captivity
Generation No. of No. of egg- Mean no. of Standard Maximum No. of laid
blood-fed laying females  eggs laid per error no. of eggs laid eggs per
females (%) female (SD) per female generation
P 79 65 (82.3%) unknown - unknown unknown
F1 98 86 (87.7%) 39.9 (+27.5) 2.7 124 3919
F2 93 84 (90.3%) 36.2 (+26.3) 2.7 94 3365
F3 95 61 (64.2%) 23.6 (+26.3) 2.6 84 2236
F4 74 59 (79.7%) 37.0 (+29.9) 3.4 86 2737
Total 439 355 (80.8%) - - - 12257

P: parental generation; F1 to F4: first to fourth generation, SD: standard deviation.

TABLE Il

Number of blood-fed females, mean and maximum number of retained eggs per female and number of eggs
retained per generation for four generationswizomyia longipalpign captivity

Generation No. of Mean no. of Standard Maximum no. No. of retained
blood-fed retained eggs per error of retained eggs eggs per
females female (SD) per female generation

P 79 12.7 (x14.9) 1.9 62 1011

F1 98 12.7 (+18.9) 1.9 70 1252

F2 93 22.1 (£24.0) 24 78 2059

F3 95 18.6 (x17.0) 1.7 63 1765

F4 74 12.8 (15.6) 1.8 50 950

Total 439 - - - 7037

P: parental generation; F1 to F4: first to fourth generation; SD: standard deviation.
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TABLE llI

Number of blood-fed females, mean and maximum numbers of eggs laid and retained per female and per
generation and, total of eggs produced (laid plus retained) during four generatioteoafyia longipalpisn

captivity
Generation No. of Maximum no. of eggs No. of eggs per Total no. of
blood-fed per female generation eggs per
females generation
Laid Retained Laid Retained
P 79 unknown 62 unknown 1011 unknown
F1 98 124 70 3919 1252 5171
F2 93 94 78 3365 2059 5424
F3 95 84 63 2236 1765 4001
F4 74 86 50 2737 950 3687
Total 439 - - 18283

P: parental generation; F1 to F4: first to fourth generation; SD: standard deviation; total number of eggs is laid plus
retained eggs.

TABLE IV

Number of blood-fed females, number of eggs laid and retained per generation, total number of eggs, and
fecundity rate for four generations lofitzomyia longipalpisn captivity

Generation No. of blood- No. of laid eggs No. of retained eggs Total no. of eggs Fecundity
fed females per generation per generation per generation rate

P 79 unknown 1011 unknown unknown

F1 98 3919 1252 5171 52.8

F2 93 3365 2059 5424 58.3

F3 95 2236 1765 4001 42.1

F4 74 2737 950 3687 49.8

Total 439 12257 6026 18283 41.6

P: parental generation; F1 to F4: first to fourth generation; fecundity rate is the total number of eggs (laid plus
retained) divided by the number of blood-fed females.

TABLE V

Number of egg-laying females, number of laid eggs per generation, number of resulting males and females and
productivity (in percentage) for four generationd.ofzomyia longipalpign captivity

Generation No. of  No. of laid Resulting Male/female X2 No. Productivity
egg-laying  eggs per ratio (level of of (%)
females  generation Males Females significance) adults
P 65 unknown  unknown unknown unknown - unknown unknown
F1 86 3919 395 432 0.91 1.66 (>0.05) 827 21.1
F2 84 3365 1105 1179 0.94 2.40 (>0.05) 2284 67.9
F3 61 2236 653 831 0.79 21.40(<0.001) 1484 66.4
F4 59 2737 372 387 0.96 0.30 (>0.05) 759 27.7
Total 439 12257 2525 2829 0.90 - 5354 43.7

P: parental generation; F1 to F4: first to fourth generation; SD: standard dey{atand level of significance p for
the difference between the number of males and females; productivity is the number of adults (males and females)
divided by the number of laid eggs (times 100).
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TABLE VI

Summary of productivity aspects observed for four generatiobstedmyia longipalpign captivity
Aspect Parental F1 F2 F3 F4 Total
No. of blood-fed females 79 98 93 95 74 439
No. of egg-laying females 65 86 84 61 59 355
(% of blood-fed) (82.3%)  (87.7%)  (90.3%) (64.2%) (79.7%) (80.8%)
Mean no. of eggs laid per female unknown 39.9 36.2 23.6 37.0 -
(SD) (x27.5) (x26.3) (£26.3) (£29.9)
Maximum no. of eggs laid per female unknown 124 94 84 86 -
No. of eggs laid per generation unknown 3919 3365 2236 2737 12257
Mean no. of retained eggs per female 12.7 12.7 22.1 18.6 12.8 -
(SD) (x14.9) (+18.9) (+24.0) (¥17.0) (x15.6)
Maximum no. of retained eggs per female 62 70 78 63 50 -
No. of retained eggs per generation 1011 1252 2059 1765 950 7037
Total no. of eggs (laid plus retained) unknown 5171 5424 4001 3687 18283
Male/female unknown  395/432 1105/1179 653/831  372/387 2525/2829
(Ratio) (0.91) (0.94) (0.79) (0.96) (0.90)
No. of adults (males plus females) unknown 827 2284 1484 759 5354
Fecundity rate unknown 52.8 58.3 42.1 49.8 41.6
Productivity (%) unknown 211 67.9 66.4 27.7 43.7

SD: standard deviation; productivity is the number of adults emerged (males and females) divided by the number of
laid eggs (times 100); fecundity rate is the total number of eggs (laid plus retained) divided by the number of blood-
fed females.

population were the one-spot phenotype (Ward et
DISCUSSION al. 1983). Variability in tergal spot morphology is

L. longipalpis has long been recognized as théelieved to be a polymorphic character not related
main visceral leishmaniasis vector in Brazil (Dean¢o genetic isolation (Mukhopadhyay et al. 1998a).
1956). A L. longipalpiscolony was initiated for Time between blood meal and oviposition var-
natural insecticide bioassays (to be shown elségd from 6-13 days (data not shown). Previous
where) with plants and insects collected irworks report a variation from 2 to 7 days (Sherlock
Roraima, a State in the Brazilian Amazon. Meth& Sherlock 1972) and 4 to 9 days (Killick-Kendrick
ods used for previous longipalpiscolonies were et al. 1977).
used aiming to achieve maximum productivity ~Males emerged two days before females (data
(Killick-Kendrick et al. 1977)L. longipalpisspeci- not shown). After this period, male/female ratio
mens from Roraima population have not been stu##as bigger for females (Table VI). Early male
ied before regarding its productivity in captivity.emergence has been observed for many insects. It
Roraima presents ecological conditions diversbas been long known the male genitalia of some
from the Amazon Region, regarding vegetatioinsects undergoes a 180° rotation after emergence
(25% savanna and 75% tropical rain forest) an(Clements 1992 for review on Culicidae). The 180°
rain fall regimen (opposite to the rest of the Amamale genitalia rotation and late female emergence
zon) that could account for differences in the loca(2-3 days after male emergence) seem to be linked.
population. Specimens were collected in a leisHsenitalia rotation is necessary for male to become
maniasis focus in Maloca do Napoledo (Raposasexually mature. When females emerge, males are
Serra do Sol indian reservoir). The aspects studigeady for copulating. Time for pheromone produc-
were the mean and maximum number of laid antion may also account for time emergence discrep-
retained eggs per female and per generation araf)cy between males and females. As many as four
sex ratio for four generations bf longipalpisin ~ days are necessary for pheromone production to
captivity. Based on these results, productivity antle maximum in males and a threshold level might
fecundity were calculated. be necessary to attract females (Hamilton et al.

Even though morphological analysis was nof994). Also pheromone production may help scle-
aimed, it could be observed that males from thigotization of the aedeagus.
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Combined extract of rabbit food, rabbit feces In spite of having the highest number of re-
and larval rearing media showed to have a syndiined eggs per female (22.1) and per generation
getic effect on sandfly egg laying (Elnaiem & Ward(2,059), F2 had the highest number of eggs pro-
1992). Nonetheless we opted for not only clearduced (5,424 from 84 blood-fed egg-laying fe-
ing the pots but also change the plaster as mite andhles) and the highest adult emergence (2,284
fungus were a problem for colony establishmentadults out from the 3,365 eggs laid). As a result of

Adults were checked for emergence at 7:00 these features F2 was the most fecund (58.3) and
and 19:00 h, daily. Adults were more abundant adroductive generation (67.9%, Table VI).
the 7:00 h checking time, indicating a preference The lowest productive generation F1 retained
for night/early morning emergence. The cool and,252 eggs (the third in the four generations), had
moist time near dawn is long known to be the timéhe highest number of laid eggs per female (39.9)
of choice for emergence for most insects&nd per generation (3,919) but only 827 emerging
(Pittendrigh 1957). However, an hourly checkingadults. Therefore F1 ranked last for productivity
should have been done to accurately determine th@tlL.1, Table VI), although was the second highest
night was the preferential emergence time. for fecundity (52.8, F2 was the highest with 58.3,

The difference for sex ratio emergence in th&able VI).
four generations with predominance of females Generation performance also relates to the in-
may be due to fluctuations on genes that alter sexwdividual level. A total of 90.3% of F2 females were
proportion. These fluctuations might be naturaégg-laying females (the highest percentage, Table
oscillations or the beginning of a gene fixationVvl). F2 also presented the second highest number
(Cazemajor et al. 1997, Owusu-Daaku et al. 1993t eggs laid per female (94 opposed to 124 for F1,
for Aedes aegyptiKillick-Kendrick et al. (1977) Table VI) and in spite of showing the highest num-
observed a ratio of males to females of 1.2:1.0 fdrer of eggs retained per female (78, Table VI) at-
L. longipalpis(Lapinha strain). tained the highest fecundity (58.3) and productiv-

The fact that almost all females died within 24hty (67.9%, Table VI). Even though F1 had the high-
of oviposition has been observed before (Killick-est number of eggs laid per female (124) and the
Kendrick et al. 1977, Buescher et al. 1984, Elnaiesecond least number of retained eggs (70 opposed
& Ward 1992). to 50 for F4, Table VI), had the lowest numbers of

Souza et al. (1995) state that optimal conditionemerged adults and the lowest productivity (21.1,
of laboratory maintenance relate to both sugar ariéble VI).
blood feeding. In fact, Brazil and Ward (1989) sug- A successful generation can be assessed by fe-
gest that.. longipalpisfemales lay more eggs whencundity and productivity that bring in their defini-
they receive sucrose. Size and composition of blodibns the interconnected, interrelated variables (ge-
meal also affect egg laying (Ready 1979). Femalasome of parental founder females, nutrients avail-
were fed to completion in hamsters and slices ability throughout the life cycle, developmental
apple were their source of sugar. environment) behind a high percentage of blood-

Females laid an average of 23.6 (F3) to 39.fed females able to lay eggs, a large number of laid
(F1) eggs per oviposition (Table VI). This is ineggs (irrespective of the number of retained) and a
accordance to previous findings of 30.1 eggs pdrigh number of adults emerged.
oviposition (mean, Sherlock & Sherlock 1959). ACKNOWLEDGEMENTS
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