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Description of the Immature Stages of Anopheles
(Nyssorhynchus) rondoni (Neiva & Pinto)
(Diptera: Culicidae)

Maria Anice Mureb Sallum/*, Richard C Wilkerson*

Nucleo de Pesquisa Taxondmica e Sistematica em Entomologia Médica (NUPTEM), Departamento de
Epidemiologia, Faculdade de Saude Publica, Universidade de S&o Paulo, Av. Dr. Arnaldo 715, 01246-904
Séo Paulo, SP, Brasil *Department of Entomology, Walter Reed Army Institute of Research,
Washington, DC 20307, USA

The larval and pupal stages AhophelegNyssorhynchusrondoni(Neiva and Pinto) (Albimanus
Section) are fully described and illustrated for the first time. The larval stage is simiar. {iNys.)
strodeiRoot. It can be recognized by the following combination of characters: clypeal index, 1.6-2.9;
single, aciculate setae 2,3-C; seta 3-C 0.5-0.7 the length of 2-C; setae 1,2-P rarely sharing a common
tubercle; seta 1-P with narrow leaflets. The pupal stage is distinguished fron\ytbsorhynchudy
having setae 1-IV-VII and 5-V-VII branched. Only minor variation was found in setal counts between
specimens from Peixoto de Azevedo, State of Mato Grosso and Bocaina, State of S&o Paulo, Brazil.
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AnophelegNyssorhynchysincludes many of Faransynonymous oAn. dunhamiHowever, this
the vectors of human malaria parasites in Centrapecies can be separated frém trinkaebased
and South America. The subgenus has been tha recent collections from the type locality (P
subject of two recent revisions: Faran (1980)L.ounibos, J Conn, G Fritz, L Hribar, R Wilkerson,
Albimanus Section, and Linthicum (1988),pers. comm.). In the Argyritarsis Sectidm. lanei
Argyritarsis Section. The four species in theGalvdo and Amaral anéin. pictipennigPhilippi)
Myzorhynchella Section have not been recentlimmatures are not well described. Tha.
revised (see Peyton et al. 1992). A number of spaibitarsis Lynch-Arribalzaga “complex” has, in
cies were not available to Faran (1980) andddition toAn. albitarsis three other specie&n.
Linthicum (1988) in all life stages. And, subsequentnarajoaraGalvdo and Damascerfn. deaneorum
to these revisions additional information has reRosa-Freitas and an undescribed species
vealed other taxonomic problems. In thgWilkerson etal. 1995a,c). A morphological means
Albimanus SectiomAn. sanctieliiSenevet and to separate these species has not yet been found.
Abonnenc was incompletely described and then Here, we present for the first time descriptions
only in the male (Floch & Abonnenc 1951). Theof the larva and pupa @in. (Nys) rondoni(Neiva
immatures ofAn. galvaoiCausey, Deane and and Pinto), of the Albimanus Sectigkn. rondoni
Deane was described by Deane et al. (1946) fromas studied by Wilkerson et al. (1995b). They re-
individuals from Amazon region, BraziAn. ported a common variant in the adult which lacked
konderiGalvdo and Damasceno was synonymized basal ring on hindtarsomere 3, a character used
without comment by Lane (1953) but should béy Faran (1980). They found instead, that the char-
considered valid based on the male genitalia (Ehcter that identifies adult of this species is a dark
Peyton, pers. comm.). The adult female andpot on the thorax made up of a large dark
immatures ofAn. dunhamiCausey have not beenprescutellar space contiguous with a concolorous
described. Peyton (1993) considersnl trinkae central area on the scutellum (also noted in the
original description). They also noted the unusual
condition in the pupa of branched setae 1-1V-VII
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Km 125, State of Sdo Paulo, Brazil. Females were 1.27), 1-VII 0.93-1.33 (mean = 1.10) length of
blood fed and traumatized by removal of a wing tg@egment]; 2-IV-VII usually single, occasionally
induce oviposition. After eclosion the larvae weralouble, about 0.40 length of segment; 3-1V 4-8-
reared to the adult stage and fourth instar larvéranched, extending to caudal margin of segment,
and pupal exuviae were mounted on microscop®&V 3-5 forked, extending slightly beyond caudal
slides appropriately labeled for association wittmargin of segment; 5-111 usually with 8 branches,
their respective adults. A portion of each progeniength about half of following segment, 5-1V 1-5-
brood was also frozen for molecular studies. Spediranched, median branches longer and stronger
mens are deposited in the National Museum dhan the lateral branches, 5-V usually triple, 5-
Natural History (NMNH), Smithsonian Institution, VI,VII usually double, branches unequally devel-
Washington, DC; U.S. Army Medical Researcloped; 6-11,IV,VI,VII always single, 6-11,V single
Unit, Rio de Janeiro; Instituto Oswaldo Cruz, Ricor double, 6-11 about 1.90 length of 7-H £ 2), 7-
de Janeiro; and Nucleo de Pesquisa Taxondmicdle-5-branched, 7-111,V and 8-11I-VIl moderately
Sisteméatica em Entomologia Médica, Universidadshort, 7-111 2-5-branched, 7-IV 2-7-branched, 7-V
de S&o Paulo, S&o Paulo. The following specimers3-branched, 7-VI,VII single or double, long; 8-
were used for setal counts and measurements (itklV 1-4-branched, 8-V,VI single or double, 8-
number in parentheses represents a single progevily 1-5-branched; 9-11 minute, unpigmented, 9-1lI
brood, the number following it is an individual stout, short, about 1.61 length of 9-11, 9-1V thick,
member of that progeny): Pupae. BRRio 020 (19rbout 2.90 length of 9-lll, dark, 9-V strong, about
3, (21)-5, (25)-1, (26)-4, (27)-2, (28)-7, (29)-5,1.60 length of 9-1V, 9-VI strong, weakly curved,
(30)-5, (31)-2, (34)-3, (35)-1, (41)-1, (44)-1, (45)-about 1.10 length of 9-V, 9-VII strong, curved,
2 and (53)-2. Larvae. BRRio 020 (19)-3, (20)-6acuminate, about 1.50 length of 9-VI, 9-VIII
(21)-5, (25)-3, (27)-2, (29)-2, -5, (30)-5, (31)-2,straight, about 1.10 length of 9-VII, 9-1I-VI less
(32)-5, (33)-1, (34)-1, (35)-1, (37)-2, (38)-1, (41)-than 0.40 length of segment, 9-VII, VIl about 0.5
1, (44)-1, (45)-2 and BR 548 (26) whole larvalength of segment; 10-I1l 1-4-forked, 10-IV,V usu-
Specimens from the State of S&o Paulo (see abowadly single, long; 4-VIII with 1-4 branche&eni-
were used for comparison. tal lobe heavy, thick at base, with sides sloping
RESULTS toward apex, apex with mamiliform protuberance.
) - Paddle obovate, 1.24-1.48 (mean = 1.36) longer
Pupa (Fig. 1) - Position and development ofinan wide: refractile index 0.68-0.78 (mean = 0.74);
setae as figured; range and modal number @fter margin distad of buttress with very fine, fila-

branches in Table Cephalothoraxweakly pig- mentous spicules, extending around apex and be-

shorter than 1,3-CT; 1,3-CT 1-3 and 2-4-branchegkty 1-p stronger than 2-P, 2-P 1-3-forked.
respectively; 4,5-CT moderately developed, 4-CT Nq differences were found in the pupal stage

1-5-branched, 5-CT 2-5-branched; 6-CT 2-4yhen compared to specimens from the State of S&o
forked, long; 7-CT 1-4-branched; 10-CT 1-3-pgylo.

branched; 11-CT 2-5-branched, equal in length t0  Fqyrth instar larva(Fig. 2) - Position and de-
10-CT; 12-CT about 1.80 length of 10-CTfum-  ye|opment of setae as figured; range and modal
pet angusticorn, without tragus; pinna moderately,ymper of branches in Tabletead length 0.56-
pigmented, about 4.10 length of meatns=(10 g g2mm (mean = 0.59mmi € 4); width 0.54-

for f[his and following measurements, except wherg sgmm (mean = 0.57mm) € 4) (measurements
indicated); meatal cleft basally pointédhdomen ot specimens from the State of Sdo Paulo). Integu-
length 2.23-2.74mm (mean = 2.49mm); seta 2- 3pent weakly pigmented with dark spots on poste-
5-branched, moderately long; 3-I single or doubl&o region of dorsal apotome and lateralia. Mental
as long as 2-I; 4-1 3-6-branched; 5,6-1 single opjate strongly sclerotized, dark brown to black;
double, long; 7-1 1-4-branched, about 0.60 lengthedian tooth moderately broad, about 1.5 as wide
of 6-I; 9-1 1-3-branched, as long as 7-1, shorter thags adjacent tooth, tapered to point, blunt at apex.
6-I; 0-1-VIl moderately developed, O-II, IV often geta 2-C single with sparse, small aciculae, 1.52-
with 4 branches, O-lll often 5-branched, 0-V,VIq g3 (mean = 1.69) length 3-C, seta 2-C close to
usually triple, 0-VII 1-4-branched; 1-ILIIl well- mate of opposite side, distance between bases 0.81-
developed, with 5-15 and 2-10 branches respeg¢-g» (mean = 1.31) width base of single seta; 3-C
tively, 1-1V-VII strong, long, about 1.21 length Ofsingle, weakly aciculate 0.52-0.66 (mean = 0.60)
segmentrf = 9) [1-1V 0.97-1.33 (mean = 1.18), 1- |angth 2-C; clypeal index 1.64-2.90 (mean = 2.51)
V 1.14-1.58 (mean = 1.28), 1-VI 1.05-1.56 (meangistance between bases of 2-C and 3-C on one
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Fig. 1: Anopheles rondompupa and distribution map; the star indicates the type locality and the closed circles represent political
units in whichAn. rondonihas been collected. CT: cephalothorax; P: paddle; I-IX: abdominal segments. Scales in mm.



Pupal setal branching fémopheles rondonrange, mode ( ). Based on counts made from 10 to 20 setae.
When there is more than one mode the highest is shown. A range shown without a mode indicates that the mode was indefinite

TABLE |

Cephalothorax Abdominal segments Paddle
Seta
No. CT I Il I v \ Vi Vi

0 - - 2-6(4) 3-6(5) 3-6(4) 3-5(3) 1-4(3) 1-4(1) 1 -

1 1-3(2) 9-15(13) 5-15(6) 2-10(6) 2-5(3) 1-3(2) 2 1,2(1) - 1

2 2-4(2) 3-5(6) 4-9(5 2-7(5) 1,2(1) 1,2(1) 1,2 (1) 1,2 (1) - 1-3(2)

3 2-4(3) 1,2 (1) 1 1-3(1) 4-8(7) 3-5(4) 1-4(2) 2-5(3) - -

4 1-5(3) 3-6(6) 2-5(4) 1-6(3) 4-8(7) 2-5(4) 1-3(3) 1-3(2) 1-4 -

5 2-5(4) 1,2 (1) 1-3(2) 3-15(8) 1-5(3) 2-4(3) 1-4(2) 1,2 (2) - -

6 2-4(3) 1,2 (1) 1 1,2 (2) 1 1,2(1) 1 1 - -

7 1-4(2) 1-4(3) 2-5(4) 2-5(3) 2-7(4) 1-3(3) 1,2 (1) 1,2 (1) - -

8 1 - 1 1-4(3) 1-4(2) 1,2 (2) 1,2 (1) 1-5(3) - -

9 2-4(3) 1-3(1) 1 1 1 1 1 1 1 -
10 1-3(1) - - 1-4(3) 1,2(1) 1-3(1) alveolus 1-4(3) - -
11 2-5(4) - - - 1 1 1 1,2 (1) -

12 1-3(2) - - - - - - - -
13 - - - - - - - -
14 - - - 1 1 1 1 1 -
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Fig. 2: Anopheles rondoniarva. A: antenna; C: cranium; M: mesothorax; MP: mental plate; P: prothorax; SAp:
spiracular apparatus; T: metathorax; I-X: abdominal segments. Scales in mm.
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TABLE 1l
Larval setal branching foknopheles rondonrange, mode ( ). Most based on counts of twenty setae. When there is more than one mode the highest is shown.
A range shown without a mode indicates that the mode was indefinite 5
Seta Head Thorax Abdominal segments ;
No. >
C P M T 1l 1] v \% \ Vil VI X ;
0 - 1 - - - 5-8(6) 5-8(6) 4-8(5) 4-8(6) 4-7(6) 3-7(4) 3-7(4) - E
1 1 10-27(11) 28-38 1,2(1) 11-18(15) 21-29(25) 22-40(32) 23-34(26) 20-29(28) 19-30(25) 20-31(25) 1 1 §
2 1 11-19(14)  1,2(1) 1 3-5(3) 3-7(5) 3-5(3) 1 1 2-5(3) 5-9(6) 6-16(12) 16-20(19k-
3 1 1,2(2) 1 10-18(13)  1-3(1) 1 1 1-4(3) 1,2(2) 1 3,4(3) 8-18(15)  7-10(9) =
4 1,2 (1) 9-16(15) 2-5(4) 1-4(3) 3-9(5) 4-6(5) 2-4(3) 2-5(3) 3,5(3) 1 1,2(1) 1 8 Z
5 14-22(19) 15-34 1 15-34 3-5(5) 6-12(5) 8-15(9) 4-9(6) 6-9(7) 6-11(9)  7-13(10) 5-8(7) - 3§
6 15-22(17) 1 2-5(3) 2,3(3) 24-36 30-37 11-28 1 1,2(2) 1 4-8(6) 1-S 4-9(6) ¥
7 16-27(23) 24-39 2-4(3) 18-37 26-35 28-36 3-5(4) 3-6(4) 3-5(4) 2-4(3) 6-11(7) 2-S 5-10(8F
8 2-5(4) 25-35 14-33 29-39 - 2-4(3) 3-6(3) 2-5(3) 3-5(3) 3,4(3) 4-9(6) 6-S 1,2(2) 3
9 2-5(3) 1 1 1 5-9(6) 6-15(12) 8-16(12)  7-13(9) 6-15 6-13(10)  5-14(8) 7-S 1 A
10 1-5(2) 1 1 1 1,2(2) 1-5(4) 1-3(2) 1-2(1) 1,2(2) 2-5(4) 4-8(5 8-S 4-7(5) §
11 >30 2,3(2) 1 1 2-4(3) 1-5(2) 2-4(3) 2-4(3) 1-3(3) 2,3(2) 2,3(3 9-S 3-11(6) &
12 4-6(5) 1 1 2-4(2) 2,3(3) 1-3(2) 3-5(4) 3-6(4) 1-3(3) 1 1-3(1) - - §
13 3-6(4) 4-6(5) 4-9(7) 3-5(3) 5-9(7) 7-13(12) 8-16(11) 4-9(5) 5-7(5) 8-17(13) 4-7(5) - -
14 1-3(2) 6-14(9)  8-18(12) - - - 1 1 1 1 1 1 -
15 1-4(2) - - - - - - - - - - - -
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side/distance between the bases of 2-C). Seta 4-C DISCUSSION

single or double, short, extending half way t0 an-  thg nypa stage can be incorporated into Faran’s
terior margin of head; 8,9-C 2-5-branched; 10,12 9g0) key by the addition of a new couplet num-
C with 1-5 and 4-6 branches respectively; 13-C 3¢y 1 'thus displacing all other couplets by a single
6-branched. Collar dark brown, moderately widg,,;mper as follows:

to wide dorsomediallyAntenna length 0.20- 1 Seta 1-1V 2-5-branched, usually triple, 1-V usu-
0.25mm (mean = 0.22mm), enlarged toward base a|ly double (1-3), 1-VI always double; seta 5-

6.58-7.91 (mean = 7.15) longer than wide; with v.v|| usually branched (1-4)............ tondoni
long and thin spicules on mesal margin, spicules

shorter and fewer on ventral surface; seta 1-A 5-7- S¢ta 1-IV-Vil always single; seta 5-V-VIl usu-
branched, short, about as long as width of antenna &Iy Single (5-V often double istrode) .......... 2
at point of insertion, 0.15-0.23 (mean = 0.21) dis- The larva ofAn. rondonicannot be directly in-
tance from base; seta 2-A with minute spicules osorporated into the most recent key to the
mesal marginThorax setae 1,2-P usually not shar-Albimanus Section (Faran 1980). A complete re-
ing a common tubercle, 1-P palmate, with 10-2@xamination of the larvae of all species would be
moderately narrow, pointed, lanceolate leaflets, Zieeded to produce a key that includesrondonj
P with 11-19 branches; 14-P 6-14-branched, largehich is beyond the scope of this work. Here we
branches arising from a short shaft, mediadiscuss the characters observed in the lar¥aof
branches longer than lateral, extending beyongndoniin relation to those reported by Faran
anterior margin of thorax; 1-M strongly plumose (1980) for the other species. The following mea-
28-38-branched; 2-T almost reaching caudal magurements and ratios are by nature equivocal since,
gin of thorax; 3-T palmate, with 10-18 moderatelyfor the most part, total variation in the subgenus
long, narrow leafletsAbdomenintegument with has not been fully studied.
well developed spicules on ventral side of segments An. albimanusNiedemann is unambiguously
II-VI; seta O-1I-VII moderately large, O-I1,11l 5-8- €liminated in the first couplet of Faran’s (1980)
branched, 0-1V-V 4-8-branched, 0-VI 4-7-key. The second couplet uses the clypeal index
branched, 0-VII 3-7-branched; 1-1-VII palmate, 1{(distance between setae 2-C and 3-C on one side/
| with 11-18 narrow leaflets, 1-1I-VII with dark, distance between the bases of seta 2-C). An index
branched, strongly developed, large, 2-lI 3-52-C is reIat|ve_Iy wide) leads tan. trlannulatu.s _
branched, more than 1.5 length of leaflets of 1-I{Neiva and Pinto) (also unambiguously elimi-
and stronger than 2-11, 2-1V single, about 1.2 lengtfjateéd) An. benarrochGabaldon, Cova Garcia and
of leaflets of 1-1V, 2-V very long, about 3.2 lengthLOP€Z, An. aquasalisCurry, An. oswaldoi
of leaflets of 1-V; 5-1 3-5-branched, inserted les§P€ryasst)An. ininii Senevet and Abonnen&n.
than 0.1 its length from lateral margin of abdof@ngeli Galbaldon, Cova Garcia and Lopéw.
men; 5-1l 6-12-branched; 9-1 5-9-branched, largefinkae, An. nuneztovariGalbaldon andAn.
11-1 2-4-branched, large, shorter than 10-I: 13evansagBrethes); an index of.2.5-4.0 (distance
LI, 11l with 5-9, 7-13, 8-16 branches respectively,betwee” the bases of 2-C relatively short) leads to
13-V 4-9-branched, very large, subequal to 2-VAN. strodeiRoot andAn. anomalophyliugomp.
extending beyond caudal margin of segment, 1\n. rondonis intermediate at 1.6-2.9.
VI 8-17-branched, moderately developed. Pecten A SPecimen oAn. rondoniwith a clypeal index
with 3-6 long, 9-13 short spines; long spines 1.692f 1.6-2.0 could be confused wifin. evansaer
2.18 (mean = 1.88) length of short spines, arrang@‘;”-_range“ The other six species either have a
ment of spines variable; lateral arm of median pla@iStinctly-branched 2,3-CAp. benarrochi An.
of spiracular apparatus short to moderately sho@duasalis An. oswaldo), not found inAn.
directed dorsolaterally; setae 8,9-S with 4-7, 3-1ondoni or have a clypeal index of less than 1.3
branches respectivelgegment Xmost of segment (AN ininii, An. trinkag An. nuneztovaji How-
covered with fine spicules, spicules stronger ofVer, bothAn. evansaandAn. rangelican be sepa-
posterior margin: seta 1-X as long as length diated fromAn. rondonisince they have seta 3-C
saddle, inserted near or on ventral margin of sadd@€ater than 0.8 the length of 2-CAm rondoni3-
Anal gills longer than saddle. Cis shorter, 0.5—_0.7 thg length of 2-C. '

A small number of differences in setal counts fthe clypeal index is more than 2.5 (an index of
were found in specimens from the State of s560-2.5 could dir.ect one in either dirgction in the
Paulo as follow: seta 4-P 14-21-branched: seta 15€Y) then one is lead tan. strodeiand An.

M 1,2-branched; seta 12-T 1-3-branched; seta 1§n0malophyllusAn.anomalophyllusias seta 1,2-
T 2-4-branched: seta 11-VII 1.2-branched. P sharing a common tubercle and seta 1-P has mod-
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erately broad to broad leaflefn. strodeandAn. S&o Paulo. vol. 1, 548 pp.

rondoni have 1,2-P rarely sharing a common tulinthicum KJ 1988. A revision of the Argyritarsis Sec-
bercle and 1-P has narrow leaflets. In other respects E'S_n tOf th%Sll_Jbgen;ﬁyssosrhygghggfzérllopheles
An. strodeiandAn. rondoniare isomorphic in the Iptera. Lulicidae)viosq Syseul 99-27 L. .
larval stage and male genitalia. However, based &ifY'o" EL 1993AnophelegNyssorhynchysdunham

. resurrected from synonymy witAnopheles
our observations and on Faran (1980), they can be neztovariand validated as a senior synonym of

separated by the clypeal index; 1.6-2.9 far. Anophelegrinkae (Diptera: Culicidae)Mosq Syst
rondoni 3.0-4.0 forAn. strodei 25: 151-156.
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