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BIOLOGICAL VARIATION IN TWO ANOPHELES VESTITIPENNIS
POPULATIONS WITH DIFFERENT FEEDING PREFERENCES IN
SOUTHERN MEXICO

ARMANDO ULLOA, MARIO H. RODRIGUEZ? JUAN [ ARREDONDO-JIMENEZ! ann
ILDEFONSO FERNANDEZ-SALAS'

ARSTRACT, The lengths of gonotrophic cycle and egg development and survival rate were studied in Amaph -
elea vestivipennis collecied in horse and human-baited traps in southern Mexico, The gonotrophie cyele duration
was eatimited uging cross-correlation analysis, whereas the survival mie was assessed using a vertical methad,
Daily changes of party roles gave significant correlation indices at 3 and 4 doys in the goophille ond anthro-
pophilic papulations, respectively. The mintmum time required to develap mature eggs after blood Teeding was
54 pnd 00 b, and the survival rte way 093 and 088 in 2oophilic and anthropophilic female mosguil popula-
nons, respecrively, These biological differences provide additional support for the existonce of subpopulations
with distinctive feeding preferences within A vesrifipennis in southern Mexico,
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INTRODUCTION

Anopheles vestittpennis Dyar and Knab is dis-
tributed from central Mexico, throughout Central
Amenca (Vargns 195K, Belkin et al. 19700, 1o
northerm South Amenca and the Great and Lesser
Antilles (Wilkerson and Strickman 1990, This
mosquito has been incriminated ns a vector Plas-
medivm vivax in the Lacandon forest of southern
Mexico (Loyola et al, 1991, Arredondo-Jimenez
1995), Guatemala {Padilla et al. 1992), and Belize
{Achee e oal, 2000), _

lsozyme analysis and differences in biting be-
haviar of An. vestitipennis populations from south-
ern Mexico indicated differences between mosguito
populations collected on human and amimal baits
{Arredondo-Jimenez et al. 1996). These findings
were later supporied by differences in Random am-
plification  polvmorphic DNA  (RAPDY markers
(Martinez 2001, Murillo-Sanchey 2001 ) and egg or-
namentation (Rodriguce et al. 1999 In addition,
mark-recapture experimenis also provided support
to the possible existence of 2 sympatric populations
with different host preferences with specific pref-
erences for human or animals in the region (Ulloa
et al. 20412, 2004). To further document the possible
distinctiveness between the purported zoophilic and
anthropophilic subpopulations of An. vestitipennis
in southern Mexico, we compared the length of
their gonolrophic cyele and oogenesis and their dai-
Iy survival rares.
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MATERIALS AND METHODS

Study area: The swdy was carried out ina villoge,
MNueva Independencia (14"37'30"N, 92°16° 14YW, l-
evation 50 m), with a population of 112 living in
23 households, located on the Pacific Ocean coastal
plain of southern Chiapas. Climate in the area is
hot subhumid (Garcia 1973), with a wel season ex-
tending from May through October Previously, a
high prevalence of An vestitipennis in the village
wias documented (LMloa et al. 2002). The vegetation
surrounding the village is represented mostly by
crops (mango, bangna; and cormn) and cattle pastures
with various Torested and flooded tall grass patches,
favorable for An. vesritipennis breeding (Rejman-
kova et al. 1998),

Diwvramics of parows—mlliparous ragios; Daily
changes in the parcus—nulliparous rato mowild
caught Am, vestitipennis were tecorded. A set of 2
madified Magoon traps (Service 1993) were haited
with 2 men in | trap and | horse in the other, The
2 traps were placed 5 m apart (30 and 150 m from
the nearest house of the village and larval breeding
sites, respectively) and were used to collect female
An vesntipenniy during 6-h periods {1 800-2400 h)
for 15 consecutive nights dunng the rainy scason,
In traps baited with humansy, mosquitoes were col-
lected during the Ist 43 min of each hour Mos-
guitoes landing on human velunteers were captured
with mouth aspirators (World Health Organization
1975, Bown et al. 1987). In traps with animal baits,
mosquitoes were collected resting on the inner sur-
face of the traps during the last 15 min of each
hour. Female mosquitoes {50} collected from each
trapping method were dissected the same night of
collection to determine parity rates {Detinova
1962), Mosquitoes were identified by the key of
Wilkerson and Strickman (1990,

Time-series analysis for each 15-day sampling
period was conducted. The length of the gonotroph-
ic cycle was estimated using a cross-correlation
analysis (Birley and Rajagopalan 1981), with the
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followang formula: M, = P.T. .. where M is the
number of parous individuals captured on day 1
T2 s the toal number of females (nulliparous and
parcus] captured on day ¢ — wu; u is the length of
the ponotrophic cycle, and P the survival rate per
gonotrophic cyele, calculated from the slope in a
regression model, The » coefficient for day 0 rep-
resents the correlation between P and 7, data pairs
from mosquitoes caplured the same day (15 data
pairs). The r coefficient for day | was obtained by
pairing dmly F, data with the corresponding 7, data
of | day before. The day 2 coefficient was calcu-
lated by pairing dadly P, data with corresponding T,
dia of 2 days before, and so on, It was assumed
thit a significant cross-correlation coefficient (#)
between the Gme-series expresses a ume delay (w)
equivalent w the gonotrophic eycle. The highest
significam cross-carrelation coefficient (r) obtamed
after day Ol = 0) indicated the number of days
per ponotrophic cyele, with descending peaks oc-
curring at multiples of this interval, To eliminate
spurious cross-correlations, data were filtered using
an putoregressive process with a lag of | day with
the following formula: 2 = X, — B(X,_,), where £
i the time series o be filtered, X, is the time series
to be filtered, and B is the estimated auto-regressive
parsmeter (Holmes and Birley 1987). A significant
comelation between 2 filtered time series M, and
X was assumed, and the correlation r corre-
sponded 10 o lag w equivalent to the gonotrophic
cycle, with regular peaks at the start of each cycle.

Survival rate; Duily survival rales (p) were cal-
culated using the parity rates of both mosquito pop-
ulations, with p = (PRY'™, where PR is the parity
rate, and O is the duration of the gonotrophic cy-
cle {Davidson 1954).

Vitellogenesis: The stages and duration of Chris-
topher stages of ovarnan develepment based on the
appearance of follicles (Clements 2000) were de-
termined in a sample of An vestitipennis collected
in human or horse baits as described above. Sam-
ples of unfed females (without races of blood)
from both collection types were dissected to deter-
mine the status of ovarian maturation:; the remain-
ing females, held in small cages, were blood fed to
repletion through a nylon screen on a tethered horse
or a human volunteer; unfed and pamially fed mos-
quitees were discarded. Blood fed mosguitoes were
immediately transporied to the Center for Malaria
Research (CIP} in Tapachula. Mosquitoes from
both populmions were supplied with cotton soaked
in & 10% sucrose solution and maintained in a tem-
perature controlled room at 70-100% relative hu-
midity with & temperature of 29°C. Beginning at 12
b after blood feeding, and continuing every 6 h up
to 78 h, groups of 10 mosquitoes were dissected o
determine the Christopher stages, The same meth-
ods were used to estimate the duration of Christo-
pher stages in other unfed mosquito samples {(hu-
man and horse bait-collected) that were fed on the
alternative host than they were collected on, Fe-

mitles that did not develop bevond the states of
Chrstopher [T or II' I8 h after feeding were re-
ported as pre-gravid (Gillies 1954),

RESULTS

Parity rate: A wtal of 3,800 An vesritipennis
females were collected in both collecting stations:
1,712 from the animal traps and 2,088 from human-
baited traps. Parity assessments were carmied out
dissecting 641 (37.4%) and 663 (3] .8%) mosqui-
toes, respectively, from animal and human biit col-
lections, OF those dissected, parity was observed in
526 females (82 = 13.52%; range, 47-%7% among
collecting nights) from the animal traps, whereas
424 mosquitoes (64 * 1982, range, 28-89%:
among collecting nights) from the humon-baited
trap were parous. Significant difference in parity
rates was observed between these An. vestiripenmiy
populations (X7, = 7.331 F = Q.0068) (Tuble 1),

Drymamics of parows—nulliparous ratios:  Using
both raw and filtered data, no significant correlnton
(P = 0.05) was observed in daily changes of parity
rates over 15 days in females collected in animal
traps, however, high correlations on days 3 and 6
suggested a 3-day gonotrophic cycle {Table 2,
Similarly, no significant correlation (P > (.05} in
daly changes of parity was observed in females
collected in human-baited traps, but o significant
high correlation (P < (.05} on day 4 was observed
using filtered data (Table 2).

Survival rate; The daily survival rate in mos-
guitoes collected in ammal traps was 0,93, whereas
that for mosquitoes collected in human-baited traps
was .88,

Vitelliogenesis: All unfed females from bath col-
lection types dissectad at the beginning of the ex-
periment were at Chrostopher stage 11 Mosquitoes
collected in animal traps and fed to repletion on
animal blood required a minimum of 54 h after
feeding to reach Christopher stage V., whereas in
mosguitoes collected in human traps and fed to re-
pletion cn human blood, progression o Christopher
stage V occuwrred at a minimum of 60 h after feed-
ing (Table 3). The length of the gonotrophic cycle
could be calculated indirectly, by adding 24 h,
which is considered the required time to locate an
oviposition site, lay eggs, and seek for new host, to
the minimum time required o develop eggs 1o
Christopher stage ¥V (Mekuria al, 1991), When this
criterion was used in oor data, the estimation of the
length of the gonotrophic cyele was 3.25 and 3,50
days for the zoophilic and anthropophilic popula-
tions, respoctively.

In mosquitoes that were maintained up o 78 h
to complete vitellogenesis, 47/50 (94%) of those
collected on horses and fed with horse blood de-
veloped to Christopher stage V, whereas only 24/
40 (80%) of those collected on humans and fed
with human blood completed vitellogenesis (Table
33 In the latter group, 1960 (32%) did not devel-
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Table 1,

Daily parous rate of Anopheles vestitipennis populations,

Loophilic population

Anthropophilic population

oy Collected Dizsected Parous Parous rite Collected [raneted Parous Pirous mie
| MO 26 23 B4 133 46 i Gl
. T8 34 30 BE 120y 45 . 62
3 A5 i, 24 o2 B0 48 it 4]
q 150} 54 34 62 | 9 43 26 (4]
5 140 ki a5 70 165 50 43 R
3] 130 52 44 a4 11 A4t 9 B4
T 1590 4% 43 H7 130 44 A7 B4
" a0 50 43 Bé 120 47 41 )
] 140 50 47 B 115 50 il L
1 Ha ki 23 77 0 ] a2 T8
Il g2 M 1 97 L350 30 19 [AR]
12 120 50 45 90 203 48 a7 T7
13 140 A0 & #0 179 40 18 a6
14 120 A0 40 RO 118 45 15 3]
1% B T 17 a7 159 A 11 2%

b3 iy Enal L5826 mean = B2 Y2088 Tand L2424 menn =

= 135 = |98
oped heyond Chnsiopher stage 11 or 0, fe., re- DISCUSSION

mamed pre-gravid,

Femules collected from animal and human traps
that were fed to repletion on the respective opposite
host reached Christopher stage Voat the same time
ag femoles fed on their eriginal host. However, the
time 0 complete ovary muturation (Christopher
stage V) exiended up to 24 and 12 h for mosguitoes
ariginally collected on animal {(48%. 24/50) and hu-
man {60%, 24/40) traps, respectively, but pre-gra-
vidity was observed only in the anthropophilic pop-
ulation (33%:, 23/70%

Table 2.  Correlation indexes in parity mtes of
Angpheley vestitipeaniy collected in animal- and human-
haited (raps using cross-correlation analysis of a time-
series (data of the first 10 duvs of collection).

Anthropophilic

Zoophilic population population

Day Rew data' Filtered data Raw data® Filtered dats

o 0.827 0.742 0.283 0,427

! 0223 (L0135 0.087 0.203

2 0.149 G021 0.011 0619

2 0.167 0293+ (L6735 0.820

4 0036 0019 0372 0.918*=
5 n.0z3 0415 (1481 0478

0 0,564 0.58% 0115 267

7 0,044 (1248 0497 0. 706

8 0.024 0.371 (L6X] 0512~
9 n.orz (L4309 0178 0.193
1] 0365 0141 0.024 0.77

! Cross-correlslion analysis using the pumber of parcus individ-
wnls cuptured on day ¢ and the wodal number of femaies (malliparous
nnd porous) captured on day ¢ = w {where i the lespth of the
gonotrophic)

F Crass-correlslion calculaled using data fillered using an suto-
regressive process with o lag of 1 day {see text for compliete for-
[TH N

* High eorrelation indea ot intervals of 1 dave (7 > 0033
*= High correlution index 01 intervale of & days (P = 005)

Differences in parity rates, length of the gono-
trophic cycles. and survival rates were documented
amang An. vestiripenis collected in human- versus
armimal-baited traps, adding to the evidence (Arre-
dondo-Jimenez et al. 1998, Rodriguez et al. 1999,
Marninez 2001, Murillo-Sdnchez 2001, Ulloa et al
2002, Ulloa et al. 2004) for the existence of 2 cryp-
e sympatric subspecies with anthropophilic or
zoophilic feeding preferences in southern Mexico.

Some of our results require commentary, Data
from the anthropophilic sample, adjusted to the cri-
terion of Mutero and Birley (1987), supgested a
gonotrophic cycle of 4 days. However, the length
of the gonotrophic cycle of the zoophilic sample
could not be calculated by differences in comrelation
coefficient of raw and filtered data, In this case, a
length of 3 days was estimated by the presence of
a high correlation coefficient value appearing 3
days after feeding, followed by a 2nd high coeffi-
cient at the same time interval {Bockaric et al,
19953 This figure is similar to previous estimates
of gonotrophic cycle duration in Awn. vestitipennis
collected in animal baits, in the same arca (Arre-
dondo-Jimenez et al. 1998) and in the Dominican
Republic (Mekuria et al. 1991),

Our findings indicate longer survival rates and
shorter egg development time in the zoophilic pop-
ulation compared with the anthropophilic one, sug-
gesting differences in nutritious guality of human
and apimal blood (e.g., Edman 1989) or recent ad-
aptation to human hosts by An. vestitipenmis mos-
quitoes {Arredondo-Jimenez 1995,

When mosquitoes were fed with blood soumces
different than those from where they were collected
{data not shown), vitellogenesis time was extended,
The extension of the time to progress to Christo-
pher stage V in a group of mosquitoes Fed with a
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Tale 3. Vitellogenesis of Anapheler vestitipennis populations collected in animal- and human-haited trapd fed on

the game host they were collected.,

Loophilic population (Chrstopher stage)

Anthropophilic pup_uj ntion (Christopher stage)

Humirs

st - Mo Ma,

feeding dissected I ] m v W dissected I 1 v W
K] [[H LL1] {1} 10

12 10 1663 10 1K

] 11 100 {4} 10

24 15} 100 10 B¢ 20

k1 | 50 50 1 Bl Alr

A 10 100 10 Ta a0

42 10 (L] 1 i (&t} &LH

AR 10 100 1] 20 R0y

541 |01 30 m 110 107 e

[£188 10 1) H 3] 20
iy 10 100 {+] a0 S0 L}
T2 10 100 10 ¥ R
TH 0 Fi ) (L44)

U Mindmam e rt-:urifcd 10 develop mature eggs (Chetitopher stage V)0 stages | and |1, previtellogenle phase: 11, inltiation phase:

IV, trophic phsse, %, post-trephic phase (Clements 20004
"Pregeavid siage

different host species to that they were collected on
indicates B host effect, probably caused by differ-
ences in hlomd digestion when mosquitoes encoun-
ter blood proteins different to those of their pre-
ferred host (Clements 20000, This host effect may
contribute to the integration of separate subpopu-
lations,

Only anthropophilic females presented pre-gra-
vidity, no matter the blood origin they were fed.
This may indicate an inhcrent charactenistics of the
anthropophilic population and not an effect of the
nutritious quality of the blood. However, previous
results of a 6% pre-gravid rate reported with mos-
quitoes fed on cattle blood (Arredondo-limenez et
al. 1998) suggest that horse blood could in fact be
maore nuiritious than other blood types.

The pre-gravid stage in anthropophilic females
indicates their need for more than | feeding to pro-
duce their Ist baich of eggs, which increase the
contact of this mosquito subpopulation with hu-
mans and consequently their chances to become in-
fected and later transmit discases (Boreham and
Garrelt-lones 1973), Additional tests are needsd us-
ing Fl females from each of the anthropophilic and
zoophilic populations to control previous blocd
meils, age composition, and rearing conditions to
confirm this statement.

The survival rate obtained in zoophilic Am ves.
fitipennis was only slightly higher than that of the
anthropophilic population, probably reflecting lim-
tations of the vertical method (Davidson 1954) for
its calculation, The basic assumption of this method
is that the population has a distribution of station-
ary age and that morality i constant with age
{McHugh 1989), and it is based on the parity rate
and the duration of gonotrophic cycle. In the cal-
culation of the survival rates, the combination of a
higher parity rate and & shorer gonotrophic cycle

length in the zoophilic population produced similar
resulis 1o that of the combination of a lower parity
rate and a longer gonotrophic cycle in the anthro-
pophilic one. Nevertheless, taken as a whole, these
differences confinm the existence of 2 different sub-
populations. The identification of a subpopulation
of An. vestitipannis with anthropophilic preferences
and its purported need for more than | feeding dur-
ing its 1st gonotrophic eycle reflects the importance
of this mosquito species in mularia transmission in
the area,
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