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A MORPHOLOGICAL, ISOENZYMATIC AND BEHAVIOURAL STUDY
OF TEN POPULATIONS OF ANOPHELES (NYSSORHYNCHUS) ALBITARSIS
LYNCH-ARRIBALZAGA, 1878 (DIPTERA: CULICIDAE) INCLUDING FROM

THE TYPE-LOCALITY — BARADERO, ARGENTINA
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Anopheles (Nyssorhynchus) albitarsis Lynch-Arribdlzaga, 1878 shows morphological and
behavioural variations which results in it being sometimes considered as a major malaria vector and
at other times as playing no important role in epidemiology. With the aim of clarifving the
taxonomy of the species, comparative morphological and isoenzymatic studies were made in
populations from the type-locality, Baradero, Argentina and from 9 different localities in Brazil.
Morphological studies consisted of the observation of eggs in scanning electron microscopy, of
complete chaetotaxy of larvae and pupae and of the detailed drawing of male and female adults.
Only Guajara-Mirim and Rio Branco populations, described previously as Ancpheles deaneorum
sp.n., showed morphological differences. Isoenzymes were studied using 4th instar larvae homo-
genate and agarose gel electrophoresis. Eleven enzymatic loci were analyzed. By calculation of
Nei's Genetic Distance (D), the populations could be separated into 5 groups: i) Baradero, ii)
Marajo, iii) Boa Vista, iv) Angra, ftaguar and Paraipaba and v) Guajard-Mirim and Rio Branco.
These groups belong to 2 major clusters called I and I, separated by D = 0,345. In the I cluster
are groups i, ii and iii and in If cluster iv and v. In I, D = (.246 separates i and ii from iii, while i
is separated by D = 0.181 from ii. In II, D = 0.223 between iv and v. Only the population of
group v could be distinguished morphologically from the others, leading to the description of an

independent species An. deaneorum,
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Anopheles albitarsis displays morphologicai
and behavioural variations that suggest it is a
complex of cryptic species. The mosquito has
a wide distribution in the New World, extending
from northern Guatemala to northern Argen-
tina. In this range albitarsis is sometimes
endophilic, sometimes zoophilic and possesses
variable amount of black in the 2nd hind-
tarsomere. Besides morphological variability
and different feeding preferences, controversy
exists concerning malaria transmission in the
different localities where albitarsis was found.
Based on the dissection of stomach and salivary
glands and on the epidemiological data, albitarsis
was sometimes regarded as one of the main
vectors of malaria while in other areas it was
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considered as without importance in trans-
mission. Studies on natural infection previous
to Root (1926), when An. darlingi had not yet
been described, mostly refer to all anophelines
with the last 3 hindtarsomeres entirely white
as argyritarsis (Godoy & Pinto, 1923; Boyd,
1926). Probably those findings mainly refer to
An. darlingii. Godoy et al. (1930) found,
in Baixada Fluminense (Rio de Janeiro State
lowlands), an albitarsis specimen full of sporo-
zoites in the salivary glands. Kumm (1932)
observed endophilic albirarsis in Salvador,
Bahia State and considered the mosquito a
local vector as 5.8% of the stomachs had
oocysts. Cadena (1938) in Colombia, dissecting
albitarsis tound 0.4% of salivary glands positive
in Barrancabermeja and 2.5% of stomachs with
oocysts in Puerto Salgar., He concluded that the
mosquito was a good vector in these 2 localities.
(Gabaldén (1940) in Venezuela (Apure River
Region) observed albitarsis feeding day and
night.
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Coutinho (1942) in Barra da Tijuca, Rio de
Janeiro State, found high morphological
variability among albitarsis specimens. The
general aspect and the dark portion of the 2nd
hindtarsomere varied significantly, with many
intermediary aspects. Nevertheless all morpho-
types had endophilic behaviour, identical
capacity for infection and a mosaic in the
exochorion of the eggs. Out of 673 specimens,
Coutinho found 27 (4.1%) with oocysts and 1
(0.1%) with sporozoites. For that author,
albitarsis had an important role in malaria
transmission in Rio de Janeiro. However,
Freitas (1942), in the same locality, considered
albitarsis as playing a secondary role as it was
not found in dwellings and had low infection
rates (7.7% with oocysts). In this locality,
Barra da Tijuca, 4 decades later an urban and
malaria-free area, Lourengo-de-Oliveira & Hey-
den (1986) observed a very exophilic and
zoophilic albitarsis population.

In the Paraiba Valley, Sdo Paulo State,
Fonseca & Unti (1943) verified typical and
atypical forms related to what was called, var.
braziliensis that rarely invaded dwellings. In an
experimental infection they recorded the
population susceptibility to Plasmodium vivax
which developed to sporozoites. A highly
endophilic and anthropophilic population of
albitarsis was seen by Schiavi (1945) in Iguape,
S3o Paulo State, a malaria endemic area. Qocysts
were found in 8.3% and sporozoites in 3.3%
of the specimens dissected. Based on these
characteristics it was incriminated as a vector
in the region. The same was found by Coutinho
(1946) in Baixada Fluminense. A highly endo-
philic, anthropophilic and good malaria vector
that had 50 to 70% of black in the 2nd hind-
tarsus and a mosaic in the egg exochorion.
Galvdo & Damasceno (1944) related a malaria
epidemic which occurred years earlier in Ca-
choeira do Arari, Marajé Island, to the highly
endophilic albitarsis present in that locality.

In the 1940’s Galvio & Damasceno divided
the species into 2 subspecies: Anopheles albi-
tarsis albitarsis Lynch-Arribdlzaga, 1878, zo-
ophilic with more than 50% black in the 2nd
hindtarsomere, not involved in malaria trans-
mission and Anopheles albitarsis domesticus
Galvio & Damasceno, 1944, endophilic, with
less than 50% black in the 2nd hindtarsomere,
considered a good malaria vector. However
there soon appeared populations with charac-
teristics which did not fit in this division.
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Deane et al. (1948) working in the northeast
and Amazon Regions of Brazil, found 3 dif-
terent types of albitarsis. Linthicum (1988),
based on morphology and behaviour, divided
northern and southern populations in Anopheles
marajoara and Anopheles albitarsis respectively.
For Rios et al. (1984) the percentage of dark
scales in the 2nd hindtarsomere, the pilosity
of male genitalia anal lobe and the feeding
preferences could not be used to separate any
of 18 populations they studied. Based on these
controversies we decided to study morphol-
ogically and isoenzymatically .Anopheles albi-
tarsis populations involved in the discussion,
including a population from the type-locality.

MATERIALS AND METHODS

Comparative catches were carried out for
evaluating feeding preferences in the type-
locality, Baradero, Buenos Aires Province,
Argentina and in 9 localities in different regions
of Brazil. Females were transferred to the
laboratory for rearing and for detailed morpho-
logical characterization of the 4 stages: eggs,
larvae, pupae and adults. Isoenzymatic profiles
were studied in the 4th instar larvae.

Behaviour — Comparative catches were
carried out at sunset indoors and outdoors,
in human and animal baits in the 9 Brazilian
localities (Fig. 1): Sdo Borja, 28939°30”S,
56°00°16”W, Rio Grande do Sul State: Angra
dos Reis, 23°00°247S, 44°19°05”W, and
[taguai, 22°51°08"”S, 43946°31”°W, Rio de
Janeiro State; Guajard-Mirim, 10°46°59°’S,
65920°22”W, Rondonia, State; Rio Branco,
09958°29S, 67°948°36”W, Acre State: Itaitu-
ba, 04°16°34”S, 55°59°01"W and Marajé
Island, 01°00°417°S, 48°57°48°W, Par4 State:
Paraipaba, 03926°22’S, 39%08°54”W, Ceard
State and Boa Vista, 02°49'14”'N, 60°40°24"°W,
Roraima State. In Baradero (33950’S, 59°
30”°W) captures were performed in a2 Shannon’s
trap using a calf as bait.

Females were identified and separated
individually to lay eggs. They were blood fed
and observed daily for oviposition. When the
eggs were laid a part was frozen for morphology
and the rest were put in enamel bowls with
dechlorinized water for larval eclosion. Larvae
were fed daily with autoclaved crushed and
sifted dog food (Kanina, Purina) until 4th
stage, when a part was frozen for isoenzymes,
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a part was put in KOH 10% for morphology
and the rest were allowed to develop to pupae.
When adults emerged, pupal exuviae were put
in creosote for morphology and male and
female adults were killed with chloroform and
pinned.

Boa Vista
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- Fig. 1: localities where mosguito collections were
performed.

Morphology — Eggs from all 10 populations
were observed by electron scanning microscopy
(JEOL 25 SII — Institute of Biophysics Carlos
Chagas Filho, Federal University of Rio de
Janeiro) and photographed at a magnification
of 200X to 15,000X in dorsal, ventral and
lateral positions. Thirty larvae and 30 pupal
exuviae per locality (10 per type of capture)
were mounted in Canadd balsam for complete
chaetotaxy of their 180 and 100 pairs of
setae respectively. Detailed drawing of adults
included general external appearance, cibarial
armature and male and female genitalia. Banding
wing patterns were observed in 30 specimens
per locality (10 per type of capture) and
measures of the black extension in the 2nd
hindtarsomere were made in all pinned speci-
mens.

Isoenzymes — Multilocus enzyme electro-
phoresis was carried out in agarose gels as
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described by Momen & Salles (1985) with the
following modifications. Fourth instar larvae
were homogeneized using a glass rod and plastic
microtitre plate. The homogenate was applied
directly to the agarose gel using the sample
application foil. The enzymes studied together
with the buffers and staining systems used for
each enzyme are given in Tables I and II.
Analysis of the electrophoretic data was as
described previously (Rosa-Freitas, 1989).

RESULTS

Behaviour — The number of females caught
in animal and human baits as well as indoors are
shown in Table I11. The results will be discussed
below in relationship with morphology and
distribution.

Morphology — The nomenclature used is
that of Harbach & Knight (1980, 1981). A
detailed description of eggs in the popula-
tion from the type-locality has been given
previously in the election of a neotype for the
species (Rosa-Freitas & Deane, 1989). In the
other populations some variation in the size
and number of the star-shaped tubercles on the
endochorion was observed by electron micro-
scopy. The number of eggs examined however
was insufficient for a statistically significant
analysis of this variation. No other differences
in the morphology of the eggs from the different
localities were found.

A complete chaetotaxy in all 180 pairs of
setae in the larvae was carried out. Besides
fluctuations in branching of setae, a distinction
was found only in the outer anterior clypeal
hairs. Larvae from Guajard-Mirim and Rio Bran-
co had these clypeal hairs definitely branched
contrary to those from the type-locality, Bara-
dero, and the other 7 Brazilian localities in
which they are aciculate. This difference
together with some other characteristics in
adult specimens from these 2 localities, led
to the description of a new species in the
albitarsis complex,  Anopheles deaneorum
{Rosa-Freitas, 1989). In fact, in a recent
visit to Costa Marques one of us had the oppor-
tunity of collecting deaneorum and albitarsis
at the same time. In this area the differences
are sufficient to permit entomologists working
with the United States Army Medical Research
Unit (Dr Terry Klein) to separate regularly the
2 species without the help of a stereomicroscope
and breed them as separate colonies.
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TABLE I

Lysis buffer, agarose gel, dyes and buffer solutions used in agarose gel eletrophoresis

1 - Lysis buffer

TrisHCIOSMpHRB.O. . . ... ... ... ... ..

Triton X-100 10% (v/v)

EDTA (ethylenodiaminotetraceticacid) . . . . . .
DTT (DL-dithiothreitol) . . . .. ... ... .. ..
E-amine-n-caproicacid . . . . ... ... L.
H2ZO . . . e e e e e e e

2 - Agarose gel

Agarose (HGT - SEAKEM or type V -SIGMA) . .
Buffer solution (4) . . . . . . . . . . .. ... ...

3 - Tracking solution

Bromophenol Blue . . . .. . .. ... ... ....
Xylencyanol FF. . . . . .. ... ... ... ....
H20 . . . . e e e

4 - Buffer solutions

Buffer System Electrodes

lllllllllllllll

iiiiiiiiiiiiiiiiiiiiiiiii

pH adjusted with NaOH
10 M or HCL 10%

a) TRIS Maleic 0,1 M Tris
0.01 M EDTA Maleic Acid
0.01 M Mg(C12 EDTA
pH 7.4
b) Phosphate 0,2 M Na2HPO4
NaH2PO4
pH 8,0
¢) TRIS 0,2 M - Citric Tris
0,14 M Citric Acid
pH 2,1

............................. 10 ml
............................. 10 ml
............................. 37 mg
............................. 15 mg
............................. 13 mg
............................. 80 ml
............................... 1g
......... 50 ml) (10 ml
1:20r 1:10
......... 50 ml) (90 ml
............................. 3 mg
............................. 28 mg
............................. 10 ml
Gel
12,10 g/l Dilute
11,61 electrode
3,72 buffer 1:10
28.40 Dilute
1,11 electrode
buffer 1:10
41,6 BPilute
16,5 electrode
buffer 1:10

Complete chaetotaxy was also performed in
30 pupae per locality. No important differences
were seen. In a few setae some abnormalities
appeared. Seta 0-VII had its point of insertion
displaced downwards from the normal position
in specimens from S3o Borja, Angra and Parai-
paba. Seta 10-VI which did not appear in most
of the specimens, was present in rare specimens
from Sdo Borja, Itaguai, [taituba and Boa Vista.
Doubled setae (seta with a twin inserted at side)
appeared in some specimens from Angra dos
Reis (setae 10-V and 11-V), Itaituba (10-IV and
10-V) and Boa Vista (10-1II and 11-IiI, 10-1V
and 11-1V and 10-V and 11-V). Tables with
complete chaetotaxy of larvae and pupae for all

populations have already been published (Rosa-
Freitas, 1988) and will not be presented here as
they show no differences, except for those
observed in the larvae of deaneorum.

Adults showed differences in general colour,
colour of pale wing scales, the banding pattern
of wing spots, percentage black in the 2nd
hindtarsomere and in the insertion of postero-
lateral tufts of scales in abdominal tergites.
Male and female palpomeres had some variation
in the amount of black and white scales. The
most frequent pattern is essentially the same as
previously described in neotype election
(Rosa-Freitas & Deane, 1989).
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TABLE I1
Revelation systems for 10 enzymes used in agarose gel electrophoresis
. Staining - : C L.
Buffer Time H20 Link . Visualizat
Enzyme sy];t:m Vicm (min) buffer 0.5M (m1) Coenzymes enzy:zss Substrates Activators mgﬁfuga on
TRIS-HCL
b 10 90 4 mlpH B.0O 5 8 mg — I ml IM sodium - MTT 6 mpg
1.1.1.37 NAD malate PMS 2 mg
Agar 1% 10 ml
ME b 10 90 4mlpH74 5§ 4 mg - 1 ml IM sodium 40 mg MTT 6 mg
1.1.1.40 NADP malate MgCl2 PMS 2mg
Agar 1% 10 ml
1IDH b 10 90 4mipH B0 6 4 mg — 40 mg sodium 40 mg MTT 6 mg
1.1.1.42 NADP isocitrate Mg(C12 PMS 2 mg
Agar 1% 10 ml
PGM a 20 60 4dmitpH 7.4 6 4 mg 2U G6PDH 40 mg glucose 40 mg MTT 6 mg
1.4.1.9 NADP 1.1.1.49 1-phosphate Mg(Cl12 PMS 2 mg
Agar 1% 10 ml
HK C 15 60 4mlpH 7.4 6 4 mg 2U G6PDH 100 mg 40 mg MTT 6 mg
2.7.1.1 NADP 1.1.1.49 glucose MgCl2 PMS 2 mp
Agar 1% 10 ml
PEFP 2 C 15 60 dmlpH74 6 — U L-amino 10 mg leucyl 20 mg J-amino-9-ethyl
3.4.11 oxidase glycyl- Mn(l2 carbazole 10 mg
1.4.3.2 glycine ethanol 1 mg
2U Peroxidase Agar 1% 10 ml
1.11.1.7
PEP.D ¢ 15 60 4mlpH7.4 6 - as PEP 2 10 ml 20 mg as PEP 2
34.13.9 with 4U L-leucyl- MnCl12
Peroxidase proline
FUM c 15 60 4mlpH7.4 6 8 mg 6U malate 250 mg — MTT 6 mg
4.2.12 NAD dehydrogenase fumaric acid PMS 2 mg
1.1.1.37 Agar 1% 10ml
GPI b 10 90 4 mlpH B.O 6 4 mg 2U G6PDH 20 mg Fructose 40 mg MTT 6 mg
5.3.1.9 NADP 1.1.1.49 6-phosphate Mg(’12 PMS 2 mg
Agar 1% 10 ml
MPI b i0 90 4mlpHT.4 6 4 mg 4U G6PDH 200 mg mannose 20 mg MTT 6 mg
5.3.1.8 NADP 200U GPI 6-phosphate MpCi2 PMS 2 mg
Agar %10 ml
All reagents are from SIGMA Chemical Company
TABLE Il

Feeding preferences of females (%) of Anopheles albitarsis and Anopheles deaneorum (Guajara-Mirim and

Rio Branco} caught in animal and human baits and indoors in 10 localities

T}F;g Lt;lt‘ﬂzi;jpllslirre Baradero Bsuﬁr?a dg: %{Ieais [taguaf Gltiliagia;lﬁ- BI[; ;Dc:n Itaituba Paraipaba Marajo \gztaa
Animal 100 52 80 88 30 35 74 33 23 32
Human — 42 19 2 32 48 17 31 27 41
Dwelling - 6 ~ 10 38 17 9 16 50 27
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TABLE IV
Costa wing banding patterns of Anopheles albitarsis and Anopheles deaneorum (Guajara-Mirim and Rio Branco)
populations (A-animal, H-human and D-dwelling)

Spots/ Humeral, Small | ' ‘
Populations Basal Prehumeral Humeral Presector Subbasal presector presector  Median Preapical Figure ...,
(speci dark dark dark dark dark and median and sector dark dark 2

pecimens)

fused pale
AHD AHD AHD AHD AHD AHD AHD AHD AHD

Baradero -—— 15 — — _ - === 15— - - - — 2 - — 15— - 15— — b 15
(30 -— = 7 — — - == === 7 - - - - — - T —-= d 7
— - = — - - e - — - - — 3 - - 3 — - f 3

3 - — I - - —— - —-—==  3-- — - = 3 —— R a 3

2 — — 2 - - e 2 - — — - - ———  2-- g 2

Sio - — - 65— _———_ === 65 — — - — —4 — 65— 65 - b 11
Borja — - - 521 -—— - - == === 521 -—— — - = 521 d 8
(25) ~-11 -11 —— - - == —11 - — - —-11 -11 -11 a 2
- R .- - 11 - - 11 =11 f 2

- — - -1- -_ - === -1 - — - - - — - —1 - -1 - b 1

-=-1 — — - -—— === =1 - — — - =1 -=1 ——1 h 1

Angra 53— 53 - —— - === 53 - - - = — - = 53 - 53— a 8
dos 313 - 13- 33 - 33 - — - — - —— - —— 33 - 33 - c 6
Reis - — - 1 — — - == 1 — — - — — - 1 - - 1 - — b 1
(16} — - - 1 — - 1 — - 1-- -—-- — — - - — 1 —— 1 - - e 1
Itagual 1352 1352 —— =  —— = 1352 - — - = 1352 1352 a 20
(30) - - — 141 — - - == 141 - = - — - - 141 141 b 6
2 — — 2 — — 2 - - 2= - == - —— 2 - - 2 - - 2 — — c 2

-—— -1 R -1- - —- - - - -1- -1 - e 1

- — — 18 — — - === 1-- - - - 1 — - 1 - - bl 1

Guajara- 36 - 36 — -——— === 36 - - —— - —— 36 — 36 - a 9
Mirim — - = 4 -5 —— = —-——==  4-5 — — = — — = 45 4 -5 b 9
(30) -—— — 23 —23 —23 —-—— - — = — — - - 23 -23 e 5
~-11 ~11 ~-11 -11 - — — - - = - - - -11 -11 c 2

- — ——— _—_— —== 1-- - - 1 — - 1 - - f 1

14 — - 1 - — R e e - — = - — — 1 — - 1 - - a? |

13 — — 14 — — - —==  1-- — — = - — — 1 —— 1 — - 2@ 1

-1 - —— - e — - - — - -1 - -1- h 1

- —— ——1 e - -1 — - = —— = ==1 d 1

Rio - —— 457 ——_—— == — 457 - — = - 457 457 b 16
Branco 5212 5212 - - - — = 522 - — = -—— 522 522 a 9
(30) - — - -21 -21 - 21 - — - - —— — - = -21 - 21 e 3
- — - — - - _——.—_ === 1-- - — = — - = 1 - - 1 - - f 1

-13 _ -1- ——_— === =-1- - — — — = -1- —1- ad 1

Itaituba 4673 463 - - - == 463 - — - 1 - — 463 463 a 13
(30) 435 435 435 435 - — = - - - - 435 435 C 12
- — - =2 ——— — - =12 - —— — - — -=2 — —2 b 2

12— — 1 — — - —==1-- — — — — — — 1 — — 1 - - ad 1

1 - — 1 - - - - == === 1 - - — - - 1 -— g 1

- -1 - —~1 - —1 - - - — — - — -1- —1- e I

Paraipaba 966 966 - === 366 -~ - = — — - 366 266 ;| 21
(30} —44 — 44 — 44 -44 - — - - — - - ~ 44 —4 4 c 8
- —— 1 — — _——_ === 1= - — - - — 1 — — 1 - — b 1

Marajé 666 666 - - === 666 — — — - — - 666 666 a 18
(30) 122 122 122 122 -— - - - - - — - 1272 122 C 5
- — 22— - —— - 22— - - - - - - 22— 22— b 4

— - 1 — — l - - ] - - - —— — - — - — - 1 — — 1 — - e 1

- -1 - -1 —_——— == == - - -1 —— - - =-=1 g 1

— ——1 - === —==1 — — = — -1 - =1 - =1 a? 1

Boa Vista 999 999 ——— === 999 - - - - — - 999 999 a 27
(30) -11 -11 ~-11 —-11 - — = - - - - — -11 -11 c 2
- — — 1 — — - — —==  1-- - - - — — 1 — — 1 - — b 1

Total 178 272 49 49 212 20 16 261 281 281

2 yvery small spots.



TABLE V

Banding pattern of veins 1, 2, 4 and 5 of the wings in 121 specimens of Anopheles albitarsis and 60 of Anopheles deaneorum (Guajara-Mirim and Rio Branco) {A-anima), H-human and Ddwelling)

Vein
R, R, and R, + 3 R; M, M, CuA and M, + 4
No. spots/
Populations 3 4 5 6 2 3 4 5 6 7 0 | 2 3 2 3 4 5 6 1 2 4 3 2 3?

(specimens)

Baradero AHD AHD AH4D AHD AHD AHD AHD AHD AHD AHD AHD AHD AHD AHD AHD AHP AHD AHD AHD AHD AHD AHD AHD AHD AHD

0661 "das/Inl(£) ¢g "JOA ‘OIIRUER[ 3P OIY ‘ZRLD OPIPMS() "ISUf UM

(30) e 3 2T == ——— e T 9 4—— 3 1=- ——— 3-— 21— —-—-— §— — 1l-—— §5—— 3—— —— 0~ 24— ——— 17— 11=-= 1-— 1--_
Sio Borja ~-- 211 983 ——1 ——— l1-- 21~ 2855 §4— —=- --- ——1 1094 -1—- ~--- 34— 55— —1- —--109- -1- 753 232 -1- 11-
(25)

Itaguai o 3.1 14102 - ——— 7__- 24— 422 941 -——— 1-— l-—= 15103 ——— ——— 411 632 56- 2—— 1793 -1- 15103 — -~ - -- ——-
(30)

Angrados ——— 15- 91— ———= —m— ——— =1 22— B3- ——- ——— 31— 75- ——-- ——— -2 104- -2- -3- 75- 31- 72- 34- --- ——-
Reis (16)

Guajaré- 34 363 723 ——— 1-2 ——2 232 421 242 1—— t-1 653 356 _—_— -13 745 222 12- -1- 1098 -22 544 134 4-- -32
Mirim (30)

Rio Branco 646 363 1-1 —_—_ -12 212 262 sS11 —13 _—__ _2- tt2 %77 1-1 -22 363 424 1-1 2——- 5109 5-1 255 835 -1- --1
(30}

Itaituba ___ 511 499 ]1—=- 1-1 —-—-1 241 746 —--2 —--1 ——— 351 758 ——-- --2 356 741 -11 ——— WIOW ———- 4-3 575 231 -—-1
(30)

Paraipaba - -~ —1— 989 ——— ——— ——~ —11 414 585 1-- ——— ——— WWBO —-- —1- 532 367 2-1 - —-—- 00O --- 977 133 —-- —--
(30}

Marajé __ 373 €86 l1-- 1—— _11 —24 663 312 ——__ 2—— 577 333 —-- 413 485 212 --- —-—— 101010 ——— 668 442 —— - ---
(30)

BoaVista —— - ——— 10010 ——— 31— ——— 314 275 211 --- 1—-— 2-— 707 --3 2-- 452 235 113 -1- 934 176 395 515 1-- ---
(30)

Total (281) 22 57 195 3 13 0 59 97 79 4 8 57 24 6 2% 108 99 32 9 241 30 161 94 14 10

32 refers to the first spot in M3 + 4 being close to that of CuA, while 3 is the farther.

I8¢
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HD PSP PSD

BD PHD™, .-
Bp PHP HP SBD 5P
e—— S : =

Fig. 2: types of costa wing banding patterns of Anopheles albitarsis and Anopheles deaneorum populations.
Types were lettered from a to h according frequency. Types a and b, which contribute with 487% and 24.2%
respectively also show the 2 most frequent banding patterns of other veins (PHP, PHD — prehumeral pale and

dark: HP, HD — humeral pale and dark; PSP, PSD — presector pale and dark; SBD — subbasal dark ; SP — sector

pale; MD — median dark; SCP — subcostal pale: PAD, PAP — preapical dark and pale; AD — apical dark).

There was no variation in shape or number
of setae and scales from head, occiput, vertex
and antenna. The same was observed for setae
and scales of the pleurotergites, scutum and
scutellum. Abdominal tufts of black scales were
differently inserted among populations. They
appear only in the 4th or 5th segment in Gua-
jard-Mirim and Rio Branco, while in the 3rd
for all others. Some specimens had 1 or 2 scales
in the 2nd tergite that can not be considered
a true tuft. Specimens from all 10 populations
had the doubled row of scales in the 1st sternite,
U or V-shaped, a characteristic only present in
albitarsis, deaneorum and braziliensis that
distinguishes them from other species of the
argyritarsis series. In 9 male and 9 female
genitalias and cibarial armatures mounted for
each locality no difference was found.

Wing spots were counted for costa (Table
[V) and for every vein (Table V). There are 8
wing costa banding patterns with some patterns
being more frequent in some populations.
Black spots in veins 1 to 6 were also variable
(Fig. 2). For costa wing spots, samples A
(animal), H (human) and D (dwelling) were
very homogeneous in every population. Types
a and b from Fig. 2 were the most frequent and
were present in all populations.

The distribution of wing costa types were as
follows in the 281 specimens studied: type a,
48% of the total with 135 specimens; type b,
24.27% (68 specimens); type c, 13.2% (37):
type d, 5.7% (16); type e, 4.3% (12): type f,
2.5% (7); type g, 1.4% (4) and type h, 0.7% (2).
All in all the 8 types can be divided in 3 sub-
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groups, varying for having or not the 2 first
dark spots: the basal and prehumeral. The first
group composed by a, b, f and h, had a with
both basal and prehumeral spots, b only with
prehumeral, h only basal and t none ot them.
The second group., formed by c¢ and e, has c
with the 2 spots and e without basal. The third
group with d and g, has g with the 2 spots and
d without basal.

Spots in the 6 veins were also counted in
281 specimens. Veins 3 and 6 as in all Nyssor-
hynchus subgenus present 1 spot near distal
and proximal extremities respectively. Other
veins (1. 2. 4 and 5) with variable number of
dark spots. Results are showed in Table V.

No difference was noted in the legs of the
mosquitoes in the different populations except
for the variable percentage of dark scales in
the 2nd hindtarsomere (Table VI). Nine hundred
and eighteen specimens were analyzed for this
character and several correlations were evaluated
through Spearman’s coefficient, Student’s t and
Kruskal-Wallis tests as influence of latitude
and behaviour (endophily, anthropophily and
zoophily) on black extension of 2nd hind-
tarsomere (Figs 3,4, 5).
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Iig. 4: comparison of feeding behaviour (zoophily,
anthropophily and endophily) to latitude (in min)
of 8 populations of Anopheles albitarsis caught
outdoors, in human and animal baits and indoors.
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I'ig. 3: comparison of the average of percentage of
black in the 2nd hindtarsomere to latitude (in min) of
8 populations of Anopheles albitarsis.

Fig. 5: comparison of percentage black in the 2nd
hindtarsomere to behaviour (%) of 8 populations of
Anopheles albitarsis caught outdoors, in animal and
human baits, and indoors.

Statistical analysis of the results showed a
significant decrease of endophily with increase
in latitude (Spearman’s coefficient and Student’s
test). Evidence for increase in zoophily and
in the percentage black in the 2nd hindtarsomere
with increase in latitude was conflicting (only
Spearman’s coefficient approval). No other
significant correlation was found.
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TABLE VI

Average, standard dceviation and range of the % black in the 2nd hindtarsomere of female and male of 4nopheles
albitarsis and Anopheles deaneorum (Guajari-Mirim and Rio Branco) with latitude, longitude and type of

capture
Fopu!atiﬂqs Latit}lde{ Type of nglférir:;m male A&eagzkﬁf Range of Staqdqrd
specimens) Longitude capture farmale Talll-2 variation Dewviation

Baradero 33050°S cattile 49 62,5 50,0 — 80,6 6,86
(66) 59030°W 17 55,3 41,7 — 68,8 6,96
Sdo Borja 28039°38™'S horse 65 57.6 37.9 —~ 804 7.71
(140) 56000°16"W 19 59,6 50,0 - 82,6 8,17
human 40 63.6 38,7 — 824 9,82
11 61.5 47,6 — 71,0 7.07
dwelling 5 61,2 43,7 -71.8 11.18
Angra dos 23000°2478 horse 28 46,5 37,0 — 54,6 5,31
Reis 44019°057W 19 477 36,4 — 66.7 7.47
{(53) human 3 44 4 3R.5 — 48,2 5,17
3 52.6 50,0 — 56.0 3.07

dwelling — — — —
Itaguar 22051°08'S horse 20 51.5 45,9 — 56,3 3.20
(69) 43046°31"W 34 52,0 343 — 647 6,99
human 6 51,9 428 — 62,5 7,45
5 49 () 41,7 — 53 .8 4 90
dwelling 3 57.5 42,8 — 62,5 6,61

1 51,6 — —
Guajara- 10946°597S horse 20 67,8 56,7 — 83,9 6,61
Mirim 65920°227W 19 70,2 62,1 — 82,1 5,86
(66) human 4] 54.1 50,0 - 60,0 3,99
8 64 .2 548 - 72,0 6,04
dwelling 7 67.0 62,2 —73,3 3,74
6 54.5 50,0 — 66,7 6,59
Rio Branco 09058°29™8 horse 14 66,0 52,8 -769 7.35
{133) 67948°36"W 22 66,7 52,0 — 85,0 7,78
human 41 63,9 40,0 — 75,0 T.57
24 62,0 53,6 — 68,0 4.00
dwelling 14 63,9 39,4 — 80,6 0.42
18 61,3 433 -71 4 6,66
[taguaf 04916°34°8 cattle 17 42,7 35,7 — 55,0 6,45
(81) 55059°01"W 9 38.3 33,3474 478
human 11 42,3 346 — 45 8 3,17
18 39.6 296 —47.6 4. .44
dwelling 16 46,3 34 5 - 53,6 5,90
10 41,2 20,0 - 47,8 7,90
Paraipaba 0302672278 donkey 34 36,1 25,9 — 482 5,35
(84) 390087547 W 5 43,3 41,0 — 46,4 2,10
human 20 38.5 280 —44 0 4,20
3 357 31,8 —41.0 3,52
dwelling 15 39,5 32,0 — 567 6,30
5 36,1 31,6 — 40,0 362
Marajo 01000°41™8 horse 14 49 1] 41,5 — 55,8 5,18
190) 48057°48"°W 8 45.5 41,7 — 50,0 2,35
human 9 53,1 47.6 - 61,0 3,95
g 48.8 44.2 - 541 3,07
dwelling 18 52,4 429 — 69,0 7.15
32 51,1 39.5 — 69,7 8,60
Boa Vista (02949°14"N pig sty 42 44,5 348 — 54,2 4,26
(136) 609407247W 19 42,56 33,3 -524 5,71
human 26 46 4 39,1 — 56.5 4 .68
11 43,1 38,1 — 50,0 3,94
dwelling 29 437 33,3 - 478 3,63
9 45,9 37,5 — 524 5,76

Total 572

(318} 346
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TABLE VII

Phenotypical characteristics of populations of Anopheles albitarsis and Anopheles deaneorum (Guajara-Mirim
and Rio Branco) used in Manhattan distance and UPGMA calculations

PEE:EE;?:! Baradero Bsﬂaga Aﬁﬁ? {tagual bMuiarJ?:na- Briil(:::u [taituba Paraipuba Marajo Ml?i(s}?a
— larvae
branched clypeals 0 0 0 0 1 1 0 0 { 0
— pupag
seta 0-VI dislocated 0 1 | { 0 0 0 1 { 0
(-VI prescnt 0 1 0 1 0 0 1 0 0 1
duplications 0 0 1 0 0 0 1 0 0 1
— adults
posterotateral tufts 0 0 0 0 1 1 0 0 0 0
type of costa ¢ 0 ( 1 1 1 0 1 | i 1
d 1 1 0 0 I 0 0 U 0 0
e ( 0 1 1 1 1 1 0 1 0
f 1 1 0 0 1 1 0 ( 0 0
g | 0 0 0 0 0 1 0 1 0
h 0 1 0 0 1 0 0 0 0 0
Talll 2 > 50% 1 1 0 1 1 1 0 0 0 0
endophily == 35% 0 0 0 0 1 0 0 0 1 0
— distribution region
amazon 0 0 0 { 1 1 1 0 ] 1
coastal 0 0 1 1 0 0 0 l 0 0
praities 1 1 (} 0 0 0 0 0 0 {
A phenetic analysis on morphological
characteristics, behaviour and distribution was o o o
carried out (Table VII). The Manhattan distance 2 2 5 £ 8 5 232
between each pair of populations was calculated s D & 3 P s é‘* > 5 0
and the resulting distance matrix (not shown) @ 4 ax O <L a = o = =2
was transformed into a dendrogram using the [ |
UPGMA method of Sneath & Sokal (1973).
The resulting dendrogram (Fig. 6) divided the
10 populations into 2 large clusters. The first
cluster had 2 groups: one that linked Baradero . I
and Sio Borja and the other Guajard-Mirim
with Rio Branco. The second cluster also had
2 groups: Angra, Paraipaba and Itaguai were [
together in one and Boa Vista, [taituba, and
Marajd in another. 10
Isoenzymes — Larvae from & populations
were analyzed. Sio Borja and [taituba were
not included in this study. We attemped to
analyze 50 specimens per locality and not more 15

than 2 per progeny. Nevertheless, this number
was achieved in only a few enzymatic /locl
Bands with identical mobility were considered
identical electromorphs. They were numbered
according to anodic mobility, i.e., the band
nearest the origin was labelled 1. Up to 3
different electromorphs (alleles) were found
in the 10 enzymes studied, essentially the
same as described in deaneorum (Rosa-Freitas,
1989).

I'ig. 6: dendrogram showing relationships among
Anopheles albitarsis and Anopheles deanecrum
(Guajard-Mirim and Rio Branco) populations obtained
through Manhattan distance and UPGMA of pheno-
typical characteristics.
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Results obtained with Iarval homogenate
(Fig. 7) showed 5 groupings: i) Baradero
{Animal); ii) Marajé (Animal, Human and
Dwelling); iii) Boa Vista (A, H and D);iv) Angra
dos Reis (A and H), itaguai (A and H) and
Paraipaba (A) and v) Rio Branco (A, H and D)
and Guajard-Mirim (A, H and D), representing
Anopheles deaneorum. These 5 groupings
belong to 2 larger clusters called I and II,
separated by a Nei's Genetic Distance (D) of
0.345. In the cluster 1 are 1, il and tii and in
cluster II are iv and v {deaneorum). In I, i and
ii are separated from iii by D = 0.246, while
1 is separated by D = 0.181 from 1. In II, the
D between iv and v is 0.223. The D between
types A, H and D in all populations range from
0.012 to 0.090.

T 1l IV Vv
- o v —-'"-—"'-\f‘___._'__"\
D
o L o
3 o hEi v Eg. g E
o 0 gl . o = =
5 & > 2 g5 a =
m = 11| < =g 0]
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0.1 S
——
0.24 I II
] |
03
0.4
0.5

Fig. 7:dendrogram withrelationships obtained through
Nei’s genetic distance among populations of Anopheles
albitarsis (i, #, iil and iv) and Anopheles deaneorum

{v).

TAXONOMIC DISCUSSION

Based on our results Anopheles albitarsis
can not be divided neither into albitarsis/do-
mesticus nor into albitarsis/marajoara. The
first division proposed by Galvio & Damasceno

Ma. Goreti Rosa-Freitas et al.

(1944), considered the percent of dark scales
on the 2nd hindtarsomere not passing 55%,
the hexagonal aspect of the egg exochorion
and the endophilic behaviour as exclusive
characters of domesticus. In the present
study the percentage of dark scales in the 2nd
hindtarsomere showed no significant variance
concerning behaviour and latitude, hexagons
were nct found in any of the eggs, even in
fresh samples seen by optical microscopy.
Endophily was the only character having
significant variation with latitude but it had
no correlation with the distribution given to
domesticus subspecies.

For the albitarsis/marajoara division, Lin-
thicum (1988), used characteristics in female
adults, male genitalia, pupa and larva that
usually were very variable. Marajoara was the
first name given to Maraj6é Island albitarsis
population by Galvaio & Damasceno (1942).
Among other differences found were: the
absence of white rings on the apex of the 3rd
foretarsus, midtarsi and 1st hindtarsus; postero-
lateral tufts present from the 4th to the 7th
abdominal segments, such tufts are mentioned
as vellowish; fused dorsal lobes of the male
genitalia mound-like, very pilose and anal
lobe bare except on the very end of the lateral
portions of its base with a few minute hairs;
larva showed inner anterior clypeal hair without
branches and implanted wide apart; outer
cly peal hairs with vestigial branches, as observed
by us in type-material from the Entomological
Collection of Faculty of Public Health of
University of Sio Paulo (larval exuvia no.
E-2120, slide no. 817). Two years later Galvdo
{1944) recognized margjoara as “‘species inqui-
renda’, an anomalous finding, a mosquito that
was caught only once in Marajé Island, in spite
of many later attempts. In 1944, when domes-
ticus was described no relationship was given
to it and the former marajoara. Our results
showed that the isolated population of the
Maraj6 Island has some remarkable charac-
teristics such as its high endophily and Nei’s
genetic distance from the type-locality which
are enough for it to be given at least a subs-
pecific status. Anyway, although its status is
not presently well defined, margjoara or domes-
ticus is a name that should be restricted to
Maraj6 Island populations.

From isoenzymatic analysis we could group
the 10 populations studied as Baradero, Marajo,
Boa Vista, Angra/ [taguai/ Paraipaba and Guaja-
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rd-Mirim/ Rio Branco with D < 0.11 (0.012 to
0.108) for intrapopulational variations and
distances among the 5 subspecies ranging from
0.181 to 0.246. These 5 subspecies belong to
2 groups called I and II. Group 1, with Boa
Vista, Baradero and Marajo, are 0.345 distant
from I, with Guajara-Mirim/ Rio Branco and
Angra/ Itaguai/ Paraipaba. This value of D is
sufficient to consider I and I as cryptic species
according to Avise (1974), Bullini (1982) and
Steiner et al. (1982).

Both phenetic and isoenzymatic analysis
divided the 10 populations in 2 big clusters
| and I, although the position of the groups
within the clusters was ditferent. Phenotypically,
[ cluster contained Baradero, S3o Borja and
Guajard-Mirim/ Rio Branco and I[I, Angra/
Itaguai/ Paraipaba and Maraj6, Boa Vista and
Itaituba. Isoenzymatically cluster I contained
Baradero, Marajo and Boa Vista and 1l contained
Angra/ ltaguai/ Paraipaba and Guajard-Mirim/
Rio Branco (Itaituba and S3o Borja were not
assayed). The cohesion of Angra/ Itaguai/
Paraipaba and Guajard-Mirim/ Rio Branco was
demonstrated by being clustered together in
single groups in both studies. Phenotypical
analysis positions Baradero and Sio Borja
closer to Guajard-Mirim/ Rio Branco than by
isoenzymes where they are in separate clusters.
Maraj6 and Boa Vista were grouped in the
same cluster in both analyses.

Steiner et al. (1982) studied 6 enzymatic
loci and chromosomal maps for 10 Anopheles
albitarsis populations. Where marked differences
were found in isoenzymes (malic enzyme —
ME. E.C.1.1.1.40 in Araraquara and hydro-
xybutyrate dehydrogenase — HBDH. E.C.1.1.1.
30 in Macapd) chromosomal mapping suggested
the existence of cryptic species. So, they
concluded for the presence of 3 types or species
calling the Macapd population as albitarsis
sensu Strictu or species a, Araraquara population
as albitarsis limai or species ¢ and the rest as
albitarsis domesticus or species b. Correlation
with the C, Bl and B2 chromosomal types of
Kreutzer et al. (1976) was not verified. Com-
bining the isoenzyme and chromosome results,
Steiner et al., (1982) made a distribution map
where albitarsis (species a) would be of coastal
distribution, limai (species ¢) of the hinterland
and domesticus (species b) sympatric to both.
Nevertheless, [limai 1s a name that can not be
rehabilitated. It was created from a mix-up in
the figures of albitarsis and darlingi eggs, made

by Root in 1926 (Causey et al., 1942). Limai
was described as an albitarsis subspecies only
because of this ditferential character ot the
eggs by Galvao & Lane (1937) that was in fact
never seen again. The same mistake led to the
description of the paulistensis variety of darlin-
g (Galvio et al., 1937).

From these previous papers (Kreutzer et al.,
1976; Steiner et al., 1982) a correlation can be
observed among the coastal groups: B2 of
Kreutzer, b of Steiner and Angra/ itaguai/
Paraipaba of the present study and also with C
of Kreutzer and its neighbour Boa Vista of this
study (Fig. 8).

COLOMBIA
- VENEZUELA

ERAZIL

A

Fig., &: data from literature concerning chromosomal
and isoenzymatic patterns of Anophieles albirarsis.

We therefore, separate the 10 populations
into 5 possible taxons that could be classitied as
subspecies according to their Nei’s genetic
distance (Fig. 9):

In group I:

i) a meridional population, Baradero and
Sao Borja, morphologically characterized by
the absence of presector pale in wing costa of
the great majority of specimens;
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ii) a population restricted to Marajo Island,
with the characteristic of having the highest
endophilic behaviour;

iii) a septentrional population represented by
Boa Vista, without diagnostic morphological or
isoenzymatic characters. There is a possibility
that it belongs to C chromosomal type of
Kreutzer et al. (1976), as Villavicencio, Colom-
bia and Maripa and Bolivar, Venezuela;

[n group II:

iv) a population of predominant coastal
distribution, Angra/ Itaguai/ Paraipaba, that by
previous reports in the literature would act as
a good malaria vector although in this region
it is not highly endophilic or anthropophilic.

v} a morphologically distinct population
described as a new species Anopheles deaneo-
rum (Rosa-Freitas, 1989), represented in the
study by Guajard-Mirim and Rio Branco, with
branched outer anterior clypeal hairs in the
4th instar larvae and paler cuticle and postero-
lateral tufts of dark scales begining in the 4th
or 5th abdominal tergite in adults.

Fig. 9: probable distribution of 4 groups of Anopheles
albitarsis (i, ii, iii and iv) and Anopheles deanecorum

(v).

Ma. Goreti Rosa-Fretitas et al.
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