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ABSTRAUT The effect of sublethal concemmtions (0% Jethal concentration 1O, A1 pp, L,
.04 ppo, and 1.0, = 2060 ppmg of VectoBue® |12 aqueons suspension | AS, Beeillus Seeingionstys vt israelensis
H-14. M PTDg ) on lite parnmieters. of Aedes aegypel and its B, progeny (net exposed ) win assessed in
lalwrrmtory tests, Wpsed on the data, 0 was Clear that concentritions of 0.4 ppen ol VectoBac slgniticontly
shimiened the duration of the developmental cyele of the exponed mosguitoes, but not that of the FL (ot capried .
Signilivam differcnees were found ameng the proportions of the age-specitic survival between cach ot level,
whereas the control did not differ from the remed ndividuals ot the 1O, amd LC, The survival cueves ol the
F, showed sipnilicanmt differences among the different restments and with the control. A sigailicant effect wis
found o the Fecundity of sdults. Age-specific fecumdity was markedly lower Tur the Ly and 1C,, trenimenis
compated i the LC, reatmen and the comrol. In general, life parameters were affected inversely aod signifi-
cantly at higher concentrations of VeooBac. both in the exposod popilation of Ae, cepvet and in thie F, (ot

expised ),
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INTRODUCTION

Larvicidal agems, If administrated at high
encugh concemrations and rates. will yield com-
plete or almost complele monality in exposed pop-
ulations, However, in practice, under diverse envi-
ronmental conditions, i is not possible 10 achieve
uniform coverage of the treated habitat, exposing
all target organisms 1o umiform. lethal concentrs-
tioms of o larvicide. It is o foregone conclusion that
in niature some organisms will experience exposure
to lethal or above-lethal concentrations, whereas
others will be exposed 1o only sublethal doses. A
number of chemical larvicides and mosquito con-
trol agents have been shown to manifest delpved
effects (bevond the ireated stage) a1 sublethal doses
in the survivors. Effects of such delayed moraliey
include redoced survival of malure insects, reduc-
tion in the production of vigble eges, and reduction
in fecundity and survival of F, individuals. Some
of these types of effects have been documented. for
example, for insect growth regulators (IGRs) in
mosquitoes (Arias and Mulla 1973),

Studies on the delaved effects of Bacillus thurin-
glensis var israclensis (Bri) on mosquitoes are
scant. There wre some indications that sublethal
doses of Bi produce delayed effects bovond the
stage treated. Mare and MNasci (1986) noted some
delayed mortality. in surviving larvae of Aedes ae-
gy (L) exposed 1o g median lethal concentration
(LCy b of 8. However, they did not detect any oth-
er noticeable negative effects on larvoe surviving
siblethal concentrations,

In other studies, Saleh and Wright (1989 and
Salch et al {1987, 19907 studied the effects of B
an the development and morphogenetic character-
istics and reproductive potential of Culey pipiens L.

Mulls and Singh (1990 examined in detail the de-
layed mortality, postomergence survival, und mope
phogenenc uberrations induced in surviving lirvae,
pupae, and udolts of Culex quinguefasciatis Say
after larvae were reated with sublethul concentr-
tons (LC. and L) of Bacilfus thueringfensis H-
14 Mulla er al: (1991 also studied these types of
delaved effects with Baciflus sphacricus  stnin
2362 by wsing technical powder of Aowable con-

centrite, whereas Lacey or al. ( 1987) reported on

the delayed effects of the smierobial agent strain
15393,

Some authors have indicated that in the labora-
tory. inefficient larviciding reduces larval compe:
tition among the survivors, and mcreases the den-
sity and the average body size of the resulting adualt
population {Agudelo-Silvi and Spielman 19%4), If
this rend found in the luboratory occurs in the
field, nefficient larviciding with Hei could produce
a mosguito population with a higher vector poten-
tial than if the centrol measure had not been ap-
plied. However, if the survivors are adversely af-
fected by the sublethal pesticide exposure, the
vector potential of the adult population could be
decreased.

The purpose of this study was 1o determine the
effect of sublethal concentrations (LC.,, LE., and
L0 of B when using VectoBac® aqueous sus-
pension (AS] on survival, longevity, Fecundity, and
sex rati of adults from surviving larvae and their
F, progeny.

MATERIALS AND METHODS

A commercial product of 86 (H-14), VectoBac”
12 AS 1600 TTU/me, Abboit Labaratories. Maorth
Chicago, 11y woas utthzed w determine the effeors
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Tauble |

Menn developmental time in davs (mean = SE) and fermale - male (FiM) sex ratio of Aedes ARy

survaving from larvar exposed 1o zablethal concentrutions of Beciffuy thuringiensiy var (vraefensiy (VectoBae®™ A5
and their F, progeny inot ¢xposed),’

Expiued B
Comeentintion Mean = 5E F:M Mean + SE (G |
L.C, 7.5 £ .19 A 104 185 + |80 | 1A
1., 185 = | Hab I 10 235 & 2080 [ 1,20
L, 19:5 = 1.84b [ T 24.0) > 2024 | b 20
Clontrl 170 2 1,73h 2ad: 00 7.0 = 1.73u 28 LK)
Valuen th 1he sime column with the daie lotter Qid not dilfer significantly 1 F = 0.0%) -

ol sublethal concemrutions on biological parame-
ters ol Ae. aegvprl. The sublethal concentrations
considered in this study were based on the 1O,
(AL ppmk LC, 104 ppmg, and LC, (2,60 ppm)
abtined by Ponce et al, (2002) 1o determine the
fexcity of (the product in populations of Ae. aegypr
from Monterrey, Nuevo Leon, Mexico

A cohort of 1 500 eges was used that eriginated
frem o colony of Ae. gegvpnl established in the in-
sectary ol the Medical Entomology Laboratory at
the University of Nuoevo Leon: Tiis colony origi-
mally was obtained from flower vases in the city of
Camp Suim Bl Roble in Monterrey, Nuevo Leon
State, i norheastern Mexico. The eges began w
hittch afier o period of 24 h and the larvae obiained
were reared in 3t % 30-in plastic ouys. Ground
dog food was used as larval food. Luboratory am-
bient conditions were 7% relative humidity and
2H-249°C. The photoperiod wus muintmined af 12:12
light :dark. Larvac at the 2nd and 3rd instar were
exposed w different sublethal concentrations (LC,,
LC,, and LC.) of 85 for 24 h. A ol of 250
birvae per concentration were exposed in trays con-
taining 2.000 ml of deionized water, with the same
number of larvae withou larvicide serving as the
contral. The surviving larvae were transferred o
vontainers with clean water, (Jhservalions were car-
ried ol every 24 1 1o reeord the time of develop-
menl. Emerging adulis: were counted and sexed to
determine the sex ratio. The adult mosquitoes were
placed in cages and fed on 10% sugar water. Mouse

blood served as food for female mosquitoes, Sur-
vival, fecundity, dnd longevity of the lemales were
recorded every 24 hountil the last female died. Al
the biologien] parnmeters were derermined for the
surviving population after exposure (o subléthal
concentrations of laevicide and for their F, progeny
(not exposed) ax well. The datn were annlyred ac-
cording to standard procedures for lite tahles (Birch
1948,

Analvsis of variance TANOYA) and comparison
of means by Tukey's fest (F = 0.05) were urilized
to compare ol wnd mean daily fecundity doring
the development ¢yvele with the total number of fe-
males obtained ot the differenl concentrations ol
larvicide, The survival curves were compured by
means of the log-rank test (Mender et al, 1984) for
the survivors of the exposed population and for
their F, progeny as well,

RESULTS AND DISCUSSION
Development eyele

An analysis of the mean developmental time (7.5
days) of Ae. aegypr surviving from larvae exposed
o sublethal concentrations of the larvieide indi-
cates a significant difference (P = 0.03) at the LCy,
with respect 1o the rest of the meatments. and the
control. In other words, an exposure to low con-
centrations of B significuntly shortened the dura-
tion of the development cycle, However, upon con-

Table 2, Population parameters of Aedes aceyphsurviving from farvae exposed (o sublethal concentrationg of
Bagitlus thuringiensis var. mraelensis (VeowoBac® AS) and their F, progeny (not exposed),
Exposed E

Parameter Cantrol LC,, LC,. LE . LGy, L L,
Met reproductive rute (&) 0538 3562 26450 12.630 5140 .30 3. 50400
Giross reproductive rate (GRR) 2E0000 364530 0 352400 251,100 AGDO00 437 200 30000
Finite et mote (h) 0989 1.030 (R 1L1] 1060 1030 [BATH] 1,100
Time ol cohor (1) Sty (VT 47850 44,770 45070 il k110 51480 47,050
Crowth capacity (r) 0010 —0026 (L0067 0052 027 ILEREA 13,0400
Entrinstc prowth wie () — (410 —0.030 0,099 (6 A ELY n0st RERRETS
M generation tame () 5684 42 530 I A2 34, TiM) 4 450 43 6 47950
Instantanesrns binh mte 16 02030 n2ns 0. 134 139 i1 57 IR 1T
Instantaneous morality e () 021 nITs (035 (L6 0127 16 131
Phowbling time (7)) 67 702 23100 LR ILET0 RER 13.5350) (BRI
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Yoat,, 20, My, o

Tuhle 3,

Periods of preoviposition, oviposition, postoviposmon, and longevity in days of female Aeaes aogepn!

emerped Trom Juevae surviving differest sublethal concentrations of VectoBac® AS and their F, progeny

tnit oxposed )
Exposed F,
Period ddiysa L LGy LC S L.C, L, 1O, Lot
Pravovipositon 5 4] 7 5 4] 12 16}
L :P'\.'||'l|.|hl1ll.ln w3 [tWs X4 (A (THE s ey
P o tion # 3 2 i Il I 5
Lonpevily 12 118 1M} e | 20 [0 el

tinwing the evaluation in the F, progeny resolting
[ron e exposed population, no apparent signifi-
cant dilfference wos found in this purameter among
the treatiments and contral (Tuble 13,

Sex ratio

Thee vesults (Table 11 indicae o higher proportion
al males in the majority af the ireatments, with the
exception of adults arising from larvae cxposed (o
fhe LOC,. in which 131 sex ratio was found. Mean-
while, the female  male rati was 2491 in the con-
fral,

The largest difference occurred in the populatson
exposed to the LC,, in which the female : male sex
rutio wis 1014, Based on the results oblsined here,
it cun be concluded thot sex ratio did not differ
amoeng  mdividoals exposed to different sublethal
concentrations of 8. However, when companng
the results for these sublethul concentrations with
that ol the contral, it is evidéent that this larvicide
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Fig. 1.
lems of YWeclnBac® A5,

—=— | C-30
—== LC-TD

didd have an influence oo the sex o, A sialar
cise occurmed inoa study by Juires Fouiu (1990,
who obtained o larger proportion ol lemales o the
F, progeny of individoals exposed fothe LO; and
LO, of wmephos, Inoour study, the propoetion al
femules waos reduced with Bi treatments, indicating
that the reared populations are ot o disadvaniage
Because there would be o decrease in the reprodag-
tive populition,

Criowth parameters

The results obtained for growth are presented in
Table 2, amd wre based on survival and fecundity
tables and standard procedures for life ables (Birch
1948,

The results show a decrease i gross reproduc-
tve rate (GRE) with mcereasing concentritions of
. Both the exposed individuals and their F, prog-
eny showed greater values of GRR at the LG,
(365408, exposed : F ), when compared with the

e LEC-50

—a— Conirad

g1 81
age {days)

Surivorship curves for female Aedes aegyml emerged from larvae surviving different sablethol concentra-
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Fig: 2. Survivorship curves of fomale Aedes aeeves (F
ol VeotoBaor™ AN,

LO, 1280 1431, exposed s F ), In all cases, GRR
vilues of the F, progeny for the 3 concentrations
tesied were greater than those of the exposed pop-
ulation and the control (239.1). The reduction in
GRR with imerease 1in B concentranon demonstrat-
ed io this case that at higher lurvicidal concentra-
tions, ferales show a lower reproductive potential,
which was reflected in o decline in total fecundity
itotal daughters born per mother) exposed 10 con-
cenmrations higher than the LT,

With regard to the generation time (7). the re-
sults indicate a shorter durmion of 30.4 and 43.6
days with LC,, concemtration for the exposed and
F, groups, réspectively, which led to a daily pop:
ulation increase by a factor of 103 and 1,03, re-
spectively, There was a longer generation time of
42.5 and 34.4 days for the exposed and F, progeny,
respectively, at the LC,, and with 4 daily increase
in population by a factor of 110 and 1.05, respec-
tively, The generation tme observed with all the

Table 4. Mean daily fecundity | =81 of female Aedes
aegvpn emerged from Lirvae surviving to diffenent
sublethal concentrations of VecwBoc® AS and their F
progeny (nob exposed b

—a— ||

s LC-50

C-30
—m= LC-70

-+ Cantral

1d1 121

age (days)

o progeny | from parents exposed wosablethal concentrafions

sublethal concentrations: was significantly lonper
than in the contral,

The intrinsic growth rate (r,) was higher for the
LC.. in the exposed individuals and the F, Progeny,
with values of 0,09 and 0.035, respectively, and was
lower for the L, being (.03 in both exposed and
F, individuals. In this case, lower values were oh-
tined compared o those reported by Lansdowne
andd Hacker (1975}, who determined un intrinsic
growth mte ir) of 3 lnes of Ae gegypti under
controlled conditions for temperature and relative
humidity of 27 = 1°C and 70%. The lines ulilized
were Carmizal, Ocala, Newala-Bamboo, Newala-
House, and Mouston. The values of the intelnsic pe-
riod of growth for the exposed individuals and their
F. progeny. respectively, for the ahove lines in o
der were 04057 and 0.3973. (L4251 und 0.4204,
04628 and 04719 04243 and 04383, and 0.4192
and (L4274,

The net reproductive rate (R was higher with

Table 5. Mean values ( =5E} for total doily fecundany

of female Aedes aegvpri emerged from lorvae surviving

different sublethal concentrations of VoetoBac® AS ol
thoir F) progeny {not eaposed),

Concentration Exposed F, Concentrtion Exposed I,
L, 337 £ 0427 4.22 = 0406 L 0 79+ H08 BO4T = "u sy
L, 30 = (26T .71 = 0442 LT, [T6:50- = 21A% L1928 = 14.058
Le, Z.92 « 0282 3133 = s L, Ziodn £ 2554 e = )
Lot 332 2073 362 =07 Control 26,54 > 435 274 2 4
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the 1O for the exposed ndivadoals and ther
progeny as well (Tahle 21, with respective vilues
af 20045 pad 9,300, These values were Tower with
the LOC,, ut 358 amd 514 for the exposed and
progeny, respectively, and much lower in the con.
trosl il 055, We obtuned lower valoes than those
reported by Lunsdowne ond Hacker (19755, whao
determined the net reproductive rate (R of the 5
Imes of Ae. gegvple mentioned  above, obtwmng
vilues of 110,94 and 93,05, 141,03 and 123,13,
(66,92 and 174,60, 15298 and 154 38, wwd 235,78
and 22802, respectively,

iposition

The results Tor the oviposition and pre- and post
eviposition periods in females both arising from ex-
posed lnrvae and their F, oprogeny, including the
contral, are shown i Thble 3. The preoviposition
periond in both the exposed idividuals and their F,
progeny increased with an increase in Bi concen-
tration, whereas the time of oviposition increased
al the O, and decreased m a lugher concentration
(LU0 A simdilar case was scen with the tme of
postoviposition, which incrensed with an incresse
in e concentration for the exposed imdividuals, ba
ol for the 9, progeny,

o ihis case, the effec) of VectoBae AS can be
seen on the alorementioned parameters, becansa the
increase i the preovipositon time and decrease in
the oviposition time would diminish as a conse-
quence the number of generations, In addition, as
a result of another effect evidently produced by the
karvicide, the longevity of females ansing from ex-
posed larvae decreases with an incresse in concen-
tration of the larvicidal agent. which s reflected in
a lower number of davs Tor oviposition.

Survival

As mentioned in the Materials and Methods. the
survival curves (Figs, 1 and 2) of the individuals
exposed 1o different sublethal concentrations, as
well -as the F, progeny. were compared by means
of the log-rank method. A sigmficant difference (P
< Q.05 was found in the exposed individuals in
survival hy specific age among all the treated
groups, whereas the control did not differ from the
treated individuols ar the 1O, and O, With re-
spect to the F| progeny, the survival curves showed
sigmificant differences among the different treat-
ments. and among these and the control

Agcording to Slobodkin (1964, the types of sur-
vivil ¢urves that were sgen with Ae. oegypi ex-
posed 1o the different concentrations  described
above are of 1ype 111 for individoals exposed wo the
1LCy and LCS, whereas those for the control and
those exposed 1o the 1O, are of type IV, This sig-
nities that the mortality rate ot the beginning of the
cycle was greater for the latter 2 groups. With re-

spect 1o the B, progeny, the types of survival curves
thint resulted were also of type 1T and TV, although
i this case the control wias the only group thil
showed o type TV curve,

Fecundity

Mean daily fecundity (Table 4) did oot differ sig
nilicantly (ANOVA, P < 0.05) among Temales de-
rved from the exposed and vnexposed (eontrol )
larvite, Similuely, their B, progeny also didd net
show any significant dilferences in fecundity,

With respect 1o tatal daily Feeuodity, the individ-
unls treated with the 1O, or LOS, ditTerdd slgnifi-
cantly (P < 0.05) from those exposed o the LC,
or control, In the F, progeny, total daily fecundiny
of the control and 1O, areated indivaduals differed
stpnificantly compared to those treated with the
LC, or LC,,. The mean values for totul daily fe-
cundity of both the exposed individuals and their
F, progeny ure shown in Table 3.
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