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Life Tables and Reproductive Parameters of Lutzomyia spinicrassa
(Diptera: Psychodidae) under Laboratory Conditions

Jesus Escovar, Felio J Bello/™, Alberto Morales, Ligia Moncada*, Estrella Cardenas

L aboratorio de Entomologia, Biologia Celular y Genética, Departamento de Ciencias Bésicas, Universidad deLaSalle, BogotaDC,
Colombia *Laboratorio de Parasitol ogia, Facultad de Medicina, Universidad Nacional de Colombia, BogotdDC, Colombia

Lutzomyiaspinicrassaisa vector of Leishmaniabraziliensisin Colombia. Thissand fly has a broad geographical
distribution in Colombia and Venezuela and it is found mainly in coffee plantations. Baseline biological growth
data of L. spinicrassawere obtained under experimental laboratory conditions. The development time from egg to
adult ranged from 59 to 121 days, with 12.74 weeks in average. Based on cohorts of 100 females, horizontal life
table was constructed. The following predictive parameters wer e obtained: net rate of reproduction (8.4 femal es per
cohort female), generation time (12.74 weeks), intrinsic rate of population increase (0.17), and finite rate of
population increment (1.18). The reproductive value for each class age of the cohort females was calculated.
\ertical life tables were elaborated and mortality was described for the generation obtained of the field cohort. In
addition, for two successive generations, additive variance and heritability for fecundity were estimated.
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The sand fly Lutzomyia spinicrassa (Morales, Osor-
no-Mesa, Osorno & de Hoyos, 1969) belongsto the group
verrucarum, seriestownsendi and it has awide geographi-
cal distributionin Colombiaand Venezuela, mainly in cof-
fee plantations. In Colombia, this species is vector of
Leishmania brazliensis (Young et a. 1987, WHO 1990)
and has been found around plantations of coffee in sev-
eral towns of Boyac4, Norte de Santander, and Sucre de-
partments (Alexander et a. 2001, Bejarano et a. 2003).
Maingon et a. (1994) founded high populations of L.
spinicrassa in coffee plantations infected with two spe-
ciesof Leishmania: L. mexicanaand L. brazliensisinthe
statesof Trujillo, Mérida, and Tachira(Venezuela). Itisan
antropophilic species and their feeding activity carries
out mainly in the twilight and night hours, during every
month of the year. The adults rest during the day inside
tree holes (Alexander et al. 1992).

The sand fly demands care and special maintenance
for the establishment of acolony inthelaboratory. Killick-
Kendrick et a. (1977) were successful for thefirst timeon
colonizing and reproducing L. longipalpis(Lutz & Neiva).
Their work was the basisfor the establishment in Colom-
bia of colonies of other species of Lutzomyia, such as
those achieved by the following authors: Morales et al.
(1984) with L. walkeri, Neiraet al. (1998) with L. torvida
and L. longiflocosa, Montoyaet al. (1998) with L. evansi,
Ferro et al. (1998) and Cardenas et al. (1999) with L.
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shannoni, Cabreraet a. (1999) with L. ovallesi and Cabrera
and Ferro (2000) with three species of Lutzomyia of the
group verrucarum.

The reproductive cycles of arthropod vectors play a
fundamental rolein the epidemiology of the disease they
transmit. Parameters affecting transmission of diseasein-
clude fecundity rate, mortality rate, density, distribution
by ages, migration rate, and genetic variation of the vec-
tor arthropods (Black & Moore 1996, Tabachnick & Black
1996). However, none of thisinformation isavailablefor
L. spinicrassa. To better understand baseline parameters
of the life cycle, growth under experimental conditions
was monitored. Horizontal lifetablewas constructed based
on the developmental time of each instar in a cohort of
100 females. Additionally, predictive population para-
meterswere cal culated. Stage specific mortality datawere
collected and for two successive generations, the addi-
tive variance and heritability of fecundity were estimated.

MATERIALSAND METHODS

Sampling information - Adults of sand flieswere col-
lected during the night (19-22 h) by aspiration using a
Shannon trap in atraditional coffee plantation at 1700 m
elevation near Guateque, Department of Boyaca (4°1'N,
73°30' W) on the CordilleraOriental, Colombia. Following
capture, the sand flieswere transferred to cloth cages (20
cm x 20 cm) and the femaleswerefed on hamster blood as
follows: a hamster was anesthetized (sodium pentothal,
10 mg/kg animal weight) and introduced into the cloth
cagesfor 1 h. After blood feeding, 100 coupleswere sepa-
rated into 100 rearing chambers(5.5cmhighand 6.6 cmin
diameter) (Ferro et al. 1998) and the remainder of the sand
flies were introduced in rearing chambers each with 50
sand flies. After blood feeding, a 60% glucose solution
was provided daily on a cotton swab placed on top of the
mudlin covering of each rearing chamber. Therearing cham-
bers were introduced in styrofoam chests to be trans-
ported to the Entomology L aboratory of the Universidad
deLaSalle, Bogota
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Maintenance of sand flies in the laboratory - The
cohort of 100 couples and the remaining adults of L.
spinicrassa captured in the field were maintained in
styrofoam chests in the Entomology Laboratory of the
Universidad de La Salle, Bogoté. Rearing and feeding of
adults and larvae of L. spinicrassa followed the methods
of Modi and Tesh (1983), Endriset a. (1982), and Ferro et
al. (1998). Laboratory conditions recorded during the
study were asfollows: average relative humidity of 85%,
average temperature of 20°C.

Data fromfield cohort (100 couples) - Each day, data
were collected regarding blood feeding, date of oviposi-
tion, number of oviposited eggs, number of retained eggs,
and number of daysthat each female survived in the adult
stage. Lifecycleof L. spinicrassa was estimated by daily
monitoring of the development of eggs oviposited by
cohort females. Thetotal fecundity was estimated by add-
ing the eggs oviposited to those retained by cohort fe-
males. Retained eggs were counted using post-mortem
dissection of each cohort female.

Data for G1 cohort (100 couples) - The cohort con-
sisted of 100 couples (one female and one male) taken
from thefirst generation of thefield females. Immediately
after blood feeding, each couplewas separated and placed
into arearing chamber (5.5 cm high and 6.6 cm in diam-
eter). The chamberswere placed in plastic boxeswith lids,
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veloped by Southwood (1978), Rabinovich (1980), Pianka
(1988), and Cérdenaset al. (1999).

Vertical lifetable and estimation of mortality - A ver-
tical or temporal life table was constructed based on de-
velopmental stages of G1. The apparent mortality, real
mortality and irreplaceable mortality were estimated fol-
lowing to Southwood (1978), and Cérdenaset al. (1999).

Estimation of genetic parameters - Genetic parameters
such as additive variance (62, ) and heritability (h?) for L.
spinicrassa fecundity were estimated, following the
method of Father-descending linear simple regression
(Falconer 1970, Strickberger 1978). For this purpose, the
total number of eggswasrecorded for 36 parent females,
data were averaged for the total number of eggs of the
daughters of each line.

RESULTS

Life cycle- The developmental timefrom egg to adult
ranged from 59 to 121 days, with 12.74 weeksin average.
Table | shows data for the life cycle for L. spinicrassa
obtained in styrofoam chests under |aboratory conditions.

Horizontal life table and predictive population pa-
rameters - Table || shows the pre-reproductive age aver-
ageof cohort females (G, ). Thisvaluewasin average 9.5

L . L TABLEI
and temperature and humidity were monitored within each ) T
box. The plastic boxeswere maintained insidein styrofoam Lifecycle of Lutzomyia spinicrassa under laboratory
chests. conditions
Each day, data were collected on the number of live  Developmental Sample  Average  Minimum Maximum
females, date of emergence of the pupae, date of blood  stage size (days) (days) (days)
feeding, date of oviposition, number of oviposited eggs, gy 1296 12.57 10 17
number of retained eggs per female, and number of days [ arvael 979 13.96 9 18
that each female survived in the adult stage. Larveell 350 10.15 7 14
Estimation of parameters based on horizontal life Larvaelll 334 8.94 7 11
tables - A horizontal life table was constructed with the  LarveelV 307 20.79 1 29
data of the G1 cohort and population predicted and ob- ~ Pupae 219 14.54 10 19
served parameters were estimated using the methods de- ~ Adults 195 8.26 5 13
TABLE I
Lifetable of 100 cohort females of Lutzomyia spinicrassa maintained in a styrofoam chest in the laboratory
X Im mx’ Ian( Xlxnl( VX
0.5 1 0 0 0 1.09
15 1 0 0 0 1.29
25 1 0 0 0 153
35 1 0 0 0 151
45 1 0 0 0 2.14
55 1 0 0 0 253
6.5 1 0 0 0 2.99
7.5 1 0 0 0 354
8.5 1 0 0 0 4.18
9.5 1 0 0 0 494
10.5 1 0.29 0.29 3.04 5.85
115 0.92 1.62 1.49 17.14 7.14
125 0.68 3.84 2.63 32.90 8.83
135 0.39 10.23 3.99 53.86 10.23
145 0 0 0 0 0
Total 8.40 106.94

X: ageclassof the cohort femalesin weeks; |, the survival proportion of the cohort femalesat the age (x); m,’: average of thefemales
fecundity (corrected for sex ratio) by each cohort female of age (x); V,: the reproductive value of the cohort females of age (x).
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weeks and the value for reproductive age averaged 4
weeks. The pre-reproductive data provided an estimate
of reproductive value (Vx). The m, - column was formed
according to Rabinovich (1972). The predictive popul a-
tion parameters were estimated in absence of mortality
according to Southwood (1978). Thefollowing valueswere
obtained from Table |1 for predictive population param-
eters: net reproductive rate Ro = 8.4 daughter femal es per
cohort female, generation time Tc = 12.74 weeks, the natu-
ral rate of increase r, = 0.17 daughter females for each
cohort femal e per week, and thefiniterate of increasefor
each cohort wasA = 1.18 individuals per female per week.
The reproductive values per age class of the cohort fe-
males were estimated. The reproductive value (V,), fe-
cundity (m,) and cohort females survival (l,) versus co-
hort females age (x) were plotted (Fig. 1). Theincreasein
reproductive value was exponential (despite a fecundity
of zero between 0.5 to 9.5 weeks) until the femalesreached
an age of 13.5 weeks. These maximum peaks of VX coin-
cided with the week in which oviposition was maximum.
Vx then abruptly decreased in the following week when
the majority of the cohort females died. This population
parameter provided aclear estimate of the populationin-
crease potential of L. spinicrassainlaboratory conditions.

Analysis of stage-specific mortality - Vertical lifetable
was constructed based on thel, (liveindividuals) and d,
(mortality) at each stage of the first generation. Stage-
specific mortality was based on the data obtained from
the vertical life tables according to Southwood (1978)
(Tablelll).

Egg mortality - Egg mortality occurred in two levels:
the first was due to retained eggs by the cohort females,
whose real mortality was 3.85%. The second level con-
sisted of oviposited by the cohort females, whose real
mortality was 24.45% (Tablelll).

Larval mortality - Significant mortality occurred dur-
ing thefirst-instar larval (64.25%) (Tablelll). The condi-
tionsin the styrofoam chest environment were not favor-
ablefor the 1st-instar larval survival. Themortality at 4th-
larval instar was probably due to bacterial infection. We
noted that affected larvae fed at alower rate, demonstrated
aloss of mobility, and became progressively darkened.

Pupal mortality - Mortality at this stage was moder-
ate (10.95%), with the percentage developing to adults
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Fig. 1: survival (Ix), fecundity (mx), and reproductive value (Vx) as
a function of age (weeks) of the cohort females of Lutzomyia
spinicrassa maintained in a styrofoam chests in laboratory condi-
tions. The increase in reproductive value was exponential until the
females reached an age of 13.5 weeks. These maximum peaks of Vx
coincided with the week in which oviposition was maximum.

exceeding 89% (Tablelll).

Irreplaceable mortality - The highest irreplaceable
mortality (25.96%) occurred in 1st instar larvae of L.
spinicrassa maintained in styrofoam chest in the labora-
tory (TableI11). Without this mortality, an additional 629
larvae will have been availablefor atotal of 979 2nd instar
larvae. The second highest irreplaceable mortality (5.78%)
occurred in the 4th-instar larvae. Without this mortality,
an additional 88 larvaewill haveavailablefor atotal of 307
pupae.

Analysis of fecundity heritability - In the previous
analysis, the potential population increment was esti-
mated, based on the production of female daughters per
cohort female. To determine how much of the fecundity
potential ishereditary and how much dueto environment,
the number of total eggs was recorded for each of the 36
females and compared with the average of the total num-
ber of eggs of their daughters. Linear regression for the
total fecundity isshowninFig. 2. An Ftest was applied to
the regression coefficient for total fecundity; the null hy-
pothesiswas rejected at the levels 95% and 99%. There-
fore, the observed variability in total fecundity was due
to heritable factors. The R? value indicated that the 62%
of the variability of total fecundity observedin G, isde-
pendent of the G,.

TABLE 111
Temporal life table of one generation of a cohort of Lutzomyia spinicrassa reared in a styrofoam chest to analyze the mortality
Developmental stage Iy d, % apparent %real %irreplaceable
mortality mortality mortality

Total eggs 1348 A 52 3.85 38.85 0.59
Oviposited eggs 1296 B 317 24.45 2351 4.67
Larveel 979 C 629 64.25 46.66 25.96
Larveell 350 D 16 457 11.86 0.74
Larveelll 334 E 27 8.08 2.00 1.26
LarvaelV 307 F 88 28.66 6.52 5.78
Pupae 219 G 24 10.95 1.78 1.78
Adults 195

I+ thenumber of individualsthat enter aspecific stage; d,. the number of individualsthat diewithin aspecific stage; A: eggsretained;
B: death of oviposited eggs; C: 1st instar mortality; D: 2nd instar mortality; E: 3rd instar mortality; F: 4th instar mortality; G: pupal

mortality
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Fig. 2: linear regression of the total fecundity of the daughters (Y)
with respect to the total fecundity of the mothers (X) of Lutzomyia
spinicrassa maintained in laboratory. The R? value indicated that
the 62% of the variability of total fecundity observed in G, is
dependent of the G,

DISCUSSION

Maintenance of laboratory colonies of phlebotomine
sand flies is necessary to investigate several aspects of
these vectors, such as pathogen transmission, popula-
tion genetic comparisons, systematics and insecticide
susceptibility among others. However, due to the great
difficulty of maintaining most sand fly coloniesfor longer
than afew generations, life-table studieson sand fliesare
scarcest. For New World sand flies, the studies of Killick-
Kendrick et al. (1977) on L. longipalpis (Lutz & Neiva)
and Cérdenas et a. (1999) on L. shannoni (Dyar) have
been focused on development times, reproductive rate,
lifetables and reproductive parameters, whereasthe stud-
iesof Moraleset al. (1984), Neiraet al. (1998), Montoyaet
al. (1998), Ferro et al. (1998), Cabreraet a. (1999), and
Cabreraand Ferro (2000) have been focused on lifecycle
and development time of several species of Lutzomyia
from Colombia. Dataon life cycle and reproductive biol-
ogy for phlebotomines are nearly impossible to obtain in
the field because under these conditions, the immature
stages have not been found.

Thedevelopmental time of L. spinicrassafrom egg to
adult wasranged from 59to 121 days, with 12.74 weeksin
average. The sames species maintained in an incubator
(temperature ranged from 25°C to 27°C) developed from
58to 78 days, with 11 weeksin average (Cabrera& Ferro
2000). Thesefindings suggest that the devel opmental time
was influenced by the temperature. Improvement of the
rearing practicesis needed for an efficient establishment
of aL. spinicrassa colony inthelaboratory. Maintenance
of suitable conditions such as temperature and humidity
have been previously proven to be critical in incubation
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chambersfor the maintenance of sand fly laboratory colo-
nies(Killick-Kendrick etal. 1977, Moraleset al. 1984, Neira
et al. 1998, Montoya et al. 1998, Cardenas et al. 1999,
Cabrera& Ferro 2000).

The heritability for thetotal fecundity of L. spinicrassa
was 56%, whereasin L. shannoni, the heritability for total
fecundity was 77.8% (Cérdenaset a. 1999). Strickberger
(1978) considered that heritability is low for characters
essential for survival, such as the rapidity of conception
or size of litter because if this value is incremented, the
survival is decreased. The additive variance for total fe-
cundity was 02, = 120.48, thisvalueisin agreement with
the additive variance for total fecundity of L. shannoni
(124.6) (Cardenaset al. 1999). The confidenceinterval for
heritability of total fecundity was between 42% and 70%,
whereasin L. shannoni the confidenceinterval for herita-
bility of total fecundity was between 26.5% and 129.1%
(Cérdenas et al. 1999). These results suggest that for the
established colony of L. shannoni whose colony has the
heritability for fecundity was high compared with L.
spinicrassa. Thiscolony isin process of establishment in
thelaboratory. Neverthel ess, the additive variance for the
heritability fecundity was similar in both species.

Thehigh heritability of thetotal fecundity isreflected
inthe maximumintrinsic rate of populationincrease(r,,),
and the data support the assertions of Southwood (1978)
that this parameter is genetically determined; comparing
the results of L. spinicrassa (r,,= 0.17) withanr (0.27
daughter females for each cohort female per week) in an
established colony of L. shannoni, Cardenaset al. (1999)
indicated that L. shannoni has greater fitnesswhen grown
in laboratory conditions than L. spinicrassa.

A comparison of the net reproductive rate (R, = 8.4
daughter females per cohort femal€), obtained in thiswork,
with L. shannoni (R, = 23.5) suggests that the population
increase of L. spinicrassa under laboratory conditionsis
very low, and consequently the establishment of the labo-
ratory colonies of this speciesisvery slow and with lev-
els reduced of productivity. It is possible that the stress
of colonization reduced the genetic variability that oc-
cursnaturally inthefield, asit has been demonstrated for
several colonies of L. longipalpis (Morrison et al. 1995,
Mukhopadhyay et al. 1997) and several mosquito species
(Munstermann 1994). The colony environment cannot
duplicate conditions of larval nutrition, temperature, hu-
midity, and host availability in thewild and consequently,
will strongly affect adult behavior, egg mortality, larval
growth period, and adult mortality. Nonethel ess, thelabo-
ratory data have provided essential baseline information
concerning the reproductive potential for L. spinicrassa.
For studies of phlebotomine population biology in the
field, these observations provide guidelines for approxi-
mating the boundaries of expected biological behaviors.
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