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The Anopheles albitarsis complex with the recognition of Anopheles
oryzalimnetes Wilkerson and Motoki, n. sp. and Anopheles janconnae
Wilkerson and Sallum, n. sp. (Diptera: Culicidae)

Maysa Tiemi Motokit, Richard C Wilkerson?, Maria Anice Mureb Sallum®/*

Departamento de Epidemiologia, Faculdade de Saude Publica, Universidade de Sdo Paulo, Avenida Dr. Arnaldo 715, 01246-904
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The Anopheles (Nyssorhynchus) albitarsis complex includes six species: An. albitarsis, Anopheles oryzalimnetes
Wilkerson and Motoki, n. sp., Anopheles marajoara, Anopheles deaneorum, Anopheles janconnae Wilkerson and
Sallum, n. sp. and An. albitarsis F. Except for An. deaneorum, species of the complex are indistinguishable when
only using morphology. The problematic distinction among species of the complex has made study of malaria trans-
mission and ecology of An. albitarsis s.I. difficult. Consequently, involvement of species of the An. albitarsis complex
in human Plasmodium transmission is not clear throughout its distribution range. With the aim of clarifying the
taxonomy of the above species, with the exception of An. albitarsis F, we present comparative morphological and
morphometric analyses, morphological redescriptions of three species and description of two new species using in-
dividuals from populations in Brazil, Paraguay, Argentina and Venezuela. The study included characters from adult
females, males, fourth-instar larvae, pupae and male genitalia of An. albitarsis, An. marajoara, An. deaneorum and
An. oryzalimnetes n. sp. For An. janconnae n. sp. only characters of the female, male and male genitalia were ana-
lyzed. Fourth-instar larvae, pupae and male genitalia characteristics of all five species are illustrated. Bionomics
and distribution data are given based on published literature records.
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The Anopheles (Nyssorhynchus) albitarsis complex
is widely distributed in South America and includes
An. albitarsis Lynch-Arribalzaga, Anopheles deaneo-
rum Rosa-Freitas, Anopheles marajoara Galvdo and
Damasceno, An. albitarsis B (Wilkerson et al. 1995c),
An. albitarsis E (Lehr et al. 2005) and An. albitarsis F
(Brochero et al. 2007). Three species are of proven im-
portance as vectors of human malaria parasites in Bra-
zil: An. deaneorum [state of Rond6nia (RO)] (Klein et al.
1991a, b), An. marajoara [state of Amapa (AP)] (Conn
et al. 2002) and An. albitarsis E [state of Roraima (RR)]
(P6voa et al. 2006).

Indications of the presence of a species complex in
An. albitarsis s.I. were reported by Kreutzer et al. (1976)
and Kitzmiller (1977) who found fixed chromosomal in-
versions suggesting the presence of two sympatric forms
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in Southern and Eastern Brazil and a third in Colombia
and Venezuela. A similar conclusion was reached by
Steiner et al. (1982) who used isozyme analyses of sam-
ples collected along a transect from state of Sdo Paulo
(SP) to west of Marajo Island to find three genetically
distinct populations.

Linthicum (1988) recognized two species in the Al-
bitarsis Complex, An. marajoara and An. albitarsis and
provided characters for their identification. To better
characterize the morphological characters of An. albi-
tarsis s.s., Rosa-Freitas and Deane (1989) used speci-
mens collected from the type locality of Baradero, Ar-
gentina, to designate a neotype and to redescribe the
adult male and female, fourth-instar larva and pupa.
Subsequently, Rosa-Freitas (1989) named and described
An. deaneorum and distinguished it from An. albitarsis
using morphological characteristics and evidence from
allele frequencies of 11 allozyme loci. Morphological
distinction of An. deaneorum from An. albitarsis and
An. marajoara was based mainly on seta 3-C of the
fourth-instar larva (multi-branched in An. deaneorum,
single or aciculate in the other 2). Later, Narang et al.
(1993) employed allozyme markers and Restriction
Fragment Length Polymorphisms (RFLP) profiles of
the mitochondrial genome to estimate genetic diversity
of sympatric populations of An. deaneorum and An.
marajoara from several localities in Brazil.

Wilkerson et al. (1995a, ¢) used random amplified
polymorphic DNA polymerase chain reaction (RAPD-
PCR) to show that the An. albitarsis complex included
An. albitarsis, An. deaneorum, An. marajoara and An.
albitarsis B. Recently, Lehr et al. (2005), based on the
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results of phylogenetic analyses of the mitochondrial
cytochrome ¢ oxidase subunit I (mtDNA COI) gene,
proposed a fifth species in the complex, An. albitarsis
E. In contrast, Li and Wilkerson (2005, 2006) observed
consistent and diagnostic, but intragenomically variable
differences in the ITS2 of the four species of An. albi-
tarsis complex originally recognized with RAPDs, but
the existence of An. albitarsis E was not corroborated.
Using nucleotide sequences of the ITS2 rDNA and white
gene from putative An. marajoara samples collected in
Puerto Carrefio, Colombia, Brochero et al. (2007) found
yet another species, designated An. albitarsis F.

The above morphology, isoenzyme and DNA data
clearly demonstrated that An. albitarsis was a species com-
plex with component species involved in human malaria
transmission. It is also clear that accurate species determi-
nations are necessary to evaluate the vector status of each.

Multivariate analyses of measurements of morpho-
logical characteristics have been shown to be an effective
method for distinguishing morphologically similar spe-
cies, including medically important insects (Rubio-Palis
etal. 1997, Rubio-Palis 1998, Calle et al. 2002). Consider-
ing that a primary objective of the present study was to
discover means to identify five species of the An. albitar-
sis complex, we used principal component, discriminant
and cluster analyses to assess morphological characters
of the adult females. Additionally, we describe the adult
males and females, fourth-instar larvae and pupae of An.
albitarsis, An. marajoara, An. deaneorum and An. albi-
tarsis B and adult females and males of An. albitarsis E.

MATERIALS AND METHODS

Adult female mosquitoes were collected in several
localities in Brazil, Argentina, Paraguay and Venezuela
(Table 1) to obtain progeny broods of adult males and
females with associated pupal and fourth-instar lar-
val exuviae. At least one adult male or female of each
progeny was used to identify the species using RAPD-
PCR. Terminology for morphological characters fol-
lows Harbach and Knight (1980), except we used Belkin
(1962) for wing veins and Wilkerson and Peyton (1990)
for wing spots. The three life stages of An. albitarsis
are described in detail; the other species of the complex
were compared with An. albitarsis, but characteristics
found to be identical were not included in their descrip-
tions. For measurements and setal counts of the imma-
tures, 10 slide-mounted specimens of each species were
employed, unless otherwise indicated.

Specimens of each species, collected in widely sepa-
rated localities of their known geographical range, were
used in the morphometric analyses. Forty-one variables
(Supplementary data) (39 wing spots plus the distance
between the eyes and basal dark portion of hindtarsom-
ere 2) were measured in 30 adult females of each species.
Measurements were taken with a Wild stereomicroscope
connected to a digital micrometric ocular Wild MMS
235® (Heerbrugg, Switzerland).

Statistical analysis - The pattern of pale and dark
spots on the wing veins, the distance between the eyes
and the dark portion of hindtarsomere 2 were measured
in 150 specimens, i.e., 30 specimens each of An. albitar-

sis, An. albitarsis B, An. marajoara, An. deaneorum and
An. albitarsis E. Because dark and pale wing spots of
the costal vein could be present or absent in individual
specimens of a species, the absence of a spot influenced
the recognition of flanking spots. Consequently, in the
absence of a dark or pale spot, the adjacent spots could
not be measured and thus scored as missing. Statistical
analyses were performed with Minitab 14 for Windows
XP and R-2.2.1 for Windows® software program.

Descriptive statistics - Ranges, means and standard
deviations of means were calculated for each quantitative
variable. Normality and homogeneity tests were carried
out to evaluate if data distribution was normal. Because of
missing data, five variables that could have compromised
the analyses were excluded. Boxplots were employed to
display differences between measurements of variables.

Principal components analysis (PCA) - PCA was ap-
plied for the complete data set of 36 variables. This is a
statistical analysis to reduce the dimensionality of a data
set while retaining as much variation in the data as possi-
ble (Hugh & Gauch 1982). Principal component analysis
was carried out as an intermediate step for understanding
other analytical analyses. Because the first 13 principal
components retained 80.1% of the variation present in 36-
variable data set, they were used to obtain a new data set
to carry out the discriminant function analysis.

Variance analysis (ANOVA) - ANOVA was applied
to the 36-variable data set to verify if there were differ-
ences among the means of all variables (p 0 0.05) of the
five species and the equality hypothesis (H: b, = 1, = 4,
= |, = M) was tested. Because it was not possible to re-
ject the equality hypothesis of two variables, these were
excluded from discriminant function analysis.

Discriminant function analysis - Discriminant
function analysis was applied to determine the possi-
bility of segregation of all five previously determined
species. Because of missing variables (Supplementary
data), discriminant analyses were conducted in two
rounds. Since in the first round missing data were ex-
cluded, we used the 23 remaining variables obtained
from 126 specimens. In the second round, the first 13
principal component variables obtained in the PCA
analysis were used to generate a new set of variables,
which were used in the discriminant function analysis.
A discriminant model was constructed using Fisher’s
linear discriminant analysis. Results of this analysis
supported homogeneous covariance among five groups
using cross validation.

Cluster analysis - Cluster analysis was employed
using dissimilarity of variables (level = 41). Distances
of each variable were entered for 150 specimens of five
species. Based on the transformed data set of PCA, the
discriminant analysis was applied to validate the results
of the cluster analysis.

RESULTS

Morphometric analysis - Means and standard devia-
tions for 41 variables were obtained from 150 specimens
to compare five species of the An. albitarsis complex
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(Supplementary data). Both normality and homogene-
ity tests showed that all variables had a normal distri-
bution. Because multivariate analysis considers only
presence data those variables with missing information
were excluded, i.e., presector dark, sector pale, acces-
sory sector dark, first dark spot of CuA, and second
pale spot of CuA..

Boxplot - The following characters, i.e., wing length,
vein R, . length and wing 3rd dark spot length of CuA,,
preapical dark, apical dark, sector dark and basal pale
plus prehumeral pale spots showed upper median value
(Fig. 1A-G), whereas accessory sector pale spot showed
lower median value for An. albitarsis (Fig. 1H). Gener-
ally, specimens of An. albitarsis possess a longer wing
than the others species of the complex. Wing accessory

sector pale spot, 2nd dark spot of CuA and 1st dark
spot of R, showed upper median value for An. albitar-
sis B (Fig. 1H-J). An. deaneorum and An. albitarsis E
showed the lowest median value of variables, although
the subcostal pale spot of An. deaneorum (Fig. 1K) and
1st dark spot of CuA, and humeral dark of An. albitarsis
E (Fig. 1L, M) showed upper median value. The subcos-
tal pale spot and sector pale spot of An. albitarsis and
An.albitarsis B are similar (Fig. 1K, N). The 2nd dark
spot of CuA, of An. albitarsis and An. albitarsis E are
similar (Fig. 1I). For An. marajoara, 50% of the lower
median value of variables was similar to An. albitarsis
and An. albitarsis B and 50% of the upper median value
of variables was similar to An. deaneorum and An. albi-
tarsis E. The boxplot indicates homogeneity variance of
variables among five species of An. albitarsis complex.
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Fig. 1: boxplot of variables of five species of the Anopheles albitarsis complex.
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PCA - The principal components analysis showed that
the first 13 components retained 80.1% of the variation
present in the 36-variable data set (Supplementary data).

ANOVA - All variables, except for the distance be-
tween the eyes and measurement of the presector pale
spot (p 0 0.05), showed mean differences among the five
species of the An. albitarsis complex. These two vari-
ables were therefore excluded from the discriminant
analysis (Supplementary data).

Discriminant analysis - Discriminant analyses dem-
onstrated that morphological variables might serve to
discriminate the five species of the An. albitarsis com-
plex (Supplementary data). In the first round, 96 (76%) of
126 specimens analyzed were correctly identified. In the
second round, 112 (75%) of 150 specimens were correct-
ly identified. A high percentage of discrimination was
shown in An. albitarsis E when compared with the other
species (1st round, 100% of 126 specimens; 2nd round,
97% of 150 specimens). The lowest percentage of dis-
crimination was obtained for An. marajoara (1st round,
50%; 2nd round, 60%). Moreover, the percentage of cor-
rect discrimination for An. albitarsis, An. albitarsis B and
An. deaneorum varied from 70-88%.

Cluster analysis - Cluster analysis based on the means
of 36 variables revealed morphometric dissimilarities
among the clusters. The specimens were clustered in two
groups (Supplementary data), one comprising An. albi-
tarsis and An. albitarsis B and the other formed by An.
deaneorum and An. albitarsis E. Fifty-three percent of
the specimens identified by RAPD-PCR as An. mara-
joara clustered in group one, whereas the other 47% clus-
tered in group two. Results of the cluster analysis suggest
that An. albitarsis and An. albitarsis B to be more similar
to each other than to any other species of the complex.
Similarly, An. deaneorum and An. albitarsis E clustered
together, whereas An. marajoara could be differentiated
in two distinct groups (Supplementary data). Results of
the cluster analysis corroborated the results of the dis-
criminant analysis (Supplementary data). The rate of cor-
rect discrimination was 83%.

An. albitarsis Lynch Arribalzaga

An. albitarsis Lynch Arribalzaga (1878): 150 (F).
Type loc. Baradero, Buenos Aires, Argentina. Senevet
(1934): 45 (P*); Pinto (1939): 345 (M*, F*, P*, L* E); Ro-
zeboom (1942): 238 (E*, tax.); Ross and Roberts (1943):
31 (M*, F*, L*); Cova-Garcia (1946): 31, 83, 118 (E*, L*,
F*, M*); Romeo-Viamonte and Castro (1951): 321 (F*);
Garcia and Casal (1964) (1965): 6 (P*); Kreutzer et al.
(1976): 473 (chromosomes); Rosa-Freitas and Deane
(1989): 289 (M*, F*, P* L* E*, redescription, neotype
desig., I0C-RJ); Wilkerson et al. (1995a, c): (RAPD-
PCR, tax.). Anopheles limai Galvdo and Lane (1937a):
227 (A, E*, as var.). Type loc. Pinheiros and Butantan,
Séo Paulo, SP, Brazil. Type: not extant. Lane (1953): 244
(syn.); Belkin et al. (1971): 4 (tax.). Anopheles imperfec-
tus Corréa and Ramos (1943): 246 (F, as ssp). Type loc.
Vera Cruz, SP{holotype [Faculdade de Saude Publica,
Universidade de S8o Paulo (FSP-USP)]}. Lane (1953):
244 (syn.); Belkin et al. (1971): 4 (tax.).

Female: head: integument brown to dark brown.
Vertex and occiput with large erect white weakly forked
truncate scales becoming dark laterally; anteriorly vertex
with a few small obovate decumbent scales along upper
orbital line and longer narrow white decumbent scales
along interorbital line; ocular setae dark brown to black.
Frontal tuft with long white setae. Clypeus bare. Pedicel
of antenna brown to dark brown with decumbent white
spatulate scales on dorsal surface; flagellomere 1 with
semi-erect white scales on proximal 0.5 of medial sur-
face and at apex of dorsal and lateral surfaces and patch
of decumbent flat broad white scales at base of dorsal
surface. Proboscis brown to dark brown with decumbent
scales and short setae; length 2.00-2.14 mm (mean = 2.07
+ 0.04) (n = 10), 1.30-1.42 length of forefemur (mean =
1.36 £ 0.04) (n = 10), 0.98-1.12 length of maxillary palpus
(mean = 1.04 £+ 0.04) (n = 10). Labella similar to labium
in color. Palpus 1.90-2.05 mm (mean = 1.99 + 0.05) (h =
10), 0.88-1.01 length of proboscis (mean = 0.96 + 0.04)
(n = 10); palpomere 1 dark-scaled; palpomere 2 mostly
dark-scaled with few white scales at apex of lateral and
ventral surfaces; palpomere 3 mostly dark-scaled with
sparse white scales on lateral surface and at apex of ven-
tral surface; palpomere 4 mostly dark-scaled with white
scales on median area of dorsal surface; palpomere 5
white-scaled; scales erect on palpomeres 1 and 2, semi-
erect and decumbent on dorsal and lateral surfaces of
palpomere 3, erect on ventral surface of palpomere 3,
decumbent on palpomeres 4 and 5; length palpomere 2/
palpus length 0.22-0.34 (mean = 0.28 + 0.03) (n = 10);
length palpomere 3/palpus length 0.30-0.38 (mean =
0.35 £ 0.02) (n = 10); length palpomere 4/palpus length
0.17-0.21 (mean = 0.19 £ 0.01) (n = 10); length palpomere
5/palpus length 0.11-0.14 (mean = 0.13 £+ 0.01) (n = 10).
Thorax: integument pruinose with darker areas between
dorsocentral areas and lateral margin at posterior edge
of scutal fossa, at posterior end of dorsocentral area, at
posterior edge of scutum and posteriorly on prescutellar
area, extending posteriorly onto median scutellar lobe;
acrostichal, dorsocentral and prescutellar areas and
scutal fossa with white spatulate decumbent scales, but
not posteriorly on dark posterior bare area; supraalar and
antealar areas with white spatulate decumbent scales;
lateral margin of antealar area, extending posteriorly
onto supraalar area, with elongate, narrow, semi-erect,
white, spatulate scales; scutum bare anteriorly between
acrostichal and dorsocentral areas, posteriorly to scutal
fossa and posteriorly on prescutellar area; anterior prom-
ontory with erect piliform white scales; anterior lateral
angle of scutum with erect broad spatulate white scales
dorsally, dark scales ventrally. Scutellum with spatulate
white scales posteriorly, posterior edge with row of long
and few short pale brown setae with golden and reddish
reflections. Mesopostnotum bare. Antepronotum with
dark setae and patch of spatulate scales, these scales
whitish dorsally, dark ventrally on upper area, remainder
of antepronotum without scales but with scattered brown
setae. Pleura with small patches of white spatulate scales
on upper mesokatepisternum, posterior border of mid-
dle mesokatepisternum, upper region of prealar knob
and upper mesepimeron; upper proepisternum, upper
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mesokatepisternum and prealar knob with dark brown
setae; middle posterior border of mesokatepisternum,
upper mesepimeron and prespiracular area with pale
yellow setae. Wing: length 2.96-4.04 mm (mean = 3.35
+ 0.24) (n = 30); veins dark-scaled with spots of white
scales on anterior area of costa, subcosta, R and R, pale
yellow scales on remaining veins. Halter: scabellum with
pale integument; pedicel with pale integument ventrally,
dark dorsally with few white scales posteriorly on dor-
sal surface; capitellum pale-scaled ventrally, dark-scaled
dorsally with patch of white scales at base. Legs: anterior
surface of forecoxa with patch of spatulate scales mesal-
ly, these scales white laterally and dark medially and a
few white spatulate scales ventrally, posterior surface of
forecoxa with patch of ventrally directed black spatulate
scales and patch of white scales laterally; outer surface
of midcoxa with patches of white spatulate scales at apex
on anterior and posterior surfaces and patch of white,
spatulate, semi-erect scales at base; hindcoxa with patch
of semi-erect white spatulate scales at apex and patch of
white spatulate appressed scales at base of posterolateral
surface. Fore, mid and hindtrochanters speckled with
white and dark scales. Forefemur 1.49-1.56 mm (mean =
1.52 + 0.02) (n = 10), 0.70-0.77 length of proboscis (mean
=0.73 £ 0.02) (n = 10); forefemur with light scales at base
forming pale ring; anterior surface mostly dark brown,
often with two narrow pale stripes along margins extend-
ing most of length of segment; posterior surface predom-
inantly dark-scaled with few sparse white scales, apical
0.3 pale-scaled. Midfemur with pale and dark scales at
base forming pale and dark rings; anterior surface mostly
dark-scaled with longitudinal white stripe extending from
base to near apex; one or two patches of white scales near
apex; posterior surface entirely pale-scaled. Hindfemur
with pale and dark scales at base forming pale and dark
bands; dorsal surface mostly dark-scaled with preapical
patch of white scales and small white patch at apex of
anterodorsal surface, ventral surface pale-scaled. Tibiae
dark-scaled with narrow longitudinal line of yellowish
scales, posterior surface pale-scaled; all tibiae with white
scales at apex. Tarsi with scales varying in color from
white to yellowish to dark. Foretarsomeres 1, 2 and 3
predominantly dark-scaled with pale scales at apex; tar-
someres 4 and 5 normally dark-scaled. Midtarsomeres 1
and 2 predominantly dark-scaled with apical patches of
pale scales; tarsomeres 3 and 4 dark-scaled, sometimes
with pale scales apically; tarsomere 5 dark-scaled with
apical pale scales on dorsal surface. Hindtarsomere 1
dark-scaled with longitudinal stripe of yellowish scales
extending from near base to apex of tarsomere; tarsom-
ere 2 dark-scaled proximally with basal dark band 0.52-
0.86 length of tarsomere (mean = 0.62 + 0.08) (n = 30);
tarsomeres 3, 4 and 5 white-scaled. Abdomen: tergum |
with numerous long brown setae, without caudolateral
scale-tufts; tergum Il with numerous brown setae, me-
dially with numerous pale yellow to whitish scales ex-
tending laterally on posterior area, without caudolateral
scale-tufts, sometimes present on tergum I11, caudolater-
al tufts on tergum 111 with few dark erect scales extend-
ing laterally; terga 1V-VII with numerous pale yellow
to whitish scales medially and dark scales laterally on

posterior margin, caudolateral tufts always present, with
large dark erect scales extending laterally; tergum V111
with numerous, light yellow scales basally, white scales
apically, usually with dark scales posterolaterally, with-
out caudolateral tufts. Sternum | with submedian stripes
of white scales; sterna 11-VII with numerous dark setae,
shorter than those on terga and longitudinal patches of
white scales lateral of midline and small patches of dark
scales posterior on midline; sternum V111 with longitu-
dinal patches of white scales lateral of midline and with
dark scales on midline.

Male: similar to female except for sexual differences.
Maxillary palpus pale and dark-scaled; scales semi-erect
on basal 0.5 of palpomere 2, decumbent on remainder of
palpomere 2 and on palpomeres 3-5; palpomere 2 dark-
scaled with pale scales at apex; palpomere 3 with pale
scales at base and with pale spot dorsally on medial sur-
face, apex with long setae; palpomere 4 with pale scales on
ventral and dorsal surfaces, dark-scaled at apex and base;
palpomere 5 with dark setae along ventral surface and
pale scales dorsally, dark scales ventrally and basally.

Male genitalia (Fig. 2): segment IX (not shown):
sternum rectangular, median posterior border emar-
ginate, anterior border weakly emarginate. Gonocoxite
elongate; tergal surface with 3-6 tergomedial setae, one
apicolateral seta and one apicomedial seta; dorsomedial
rim 0.09-0.12 (mean = 0.1 £ 0.01) (n = 5) length of gono-
coxite; tubercle of parabasal seta 0.22-0.41 (mean = 0.32
+ 0.06) (n = 5) length of parabasal seta; accessory setae
0.33-0.41 (mean = 0.36 + 0.03) (n = 5) length of gonocox-
ite; internal seta subequal to ventralmost accessory seta.
Dorsal claspette with narrow, curved pedicel, rounded
at base, apical setae moderately broad, strongly curved
mesally, without noticeable basomesal projection. Ven-
tral claspette (in ventral aspect) with apex moderately
wide and strongly striated, single, rounded lobe expand-
ed ventrally; preapical plate absent; basal lobules later-
ally expanded. Gonostylus slender, curved with row of
minute setae inserted before gonostylar claw. Aedeagus
cylindrical approximately 0.39-0.47 (mean = 0.43 £ 0.03)
(n = 4) length of gonocoxite, apex rounded, wider than
long, ventromesal subtriangular projections connecting
at midline, leaflets absent.

Pupa (Fig. 2): position and development of setae as
figured; range and modal number of branches in Table
I1. All measurements were made on 10 specimens un-
less otherwise indicated. Cephalothorax: integument
and legs weakly pigmented; trumpet angusticorn with
meatal cleft; pinna moderately pigmented; meatal cleft
U-shaped basally. Abdomen: length 2.50-3.11 mm (mean
=2.84 +0.20); seta 3-1 usually single, 5-1 single to triple,
6-1single or double, 9-1 usually single, sometimes double,
as long as 6-1; 0-11-VV1l moderately developed, 6-11 single
or double, 1.12-2.52 length of 7-11 (mean = 1.76 + 0.51),
9-11 min, unpigmented, 9-11-1V less than 0.20 length of
segment; 6-111, IV normally double, 9-I11 short, stout,
1.11-2.50 (mean = 1.67 £ 0.45) length of 9-11; 1-1V-VIl al-
ways single, strong, long, extending beyond caudal bor-
der of following segment, 3-1V with branches extending
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TABLE 11
Range (mode) of setal branches of the pupa of Anopheles albitarsis

Seta Abdominal segments
n Cephalothorax | 1 11 v \Y VI VI VIl IX Paddle
0 - - 3-7(6) 4-7(7) 2-6(0) 364 35@ 36¢GB 1201 - -
1 2-4(3) nc 5-10 (8) 3-10 (6) 1 1 1 1 - 2-6 (3) 1
2 2,3(3) 4-75) 38(6) 374 13 1312 13 1-2( - - 1-3(1)
3 2-4(3) 1,2 (1) 1 1 3-7(6) 24Q3) 133 250 - - -
4 2-4(3) 57(5) 4-7(5) 3-6(6) 3-6(4) 3504 243 132 2403 - -
5 2-5(4) 1-3(2 3-7(5) 4-106) 151 1,2(1) 1 1 - - -
6 1-4 (3) 121 1,2() 142 13 1,22 1,212 1-2( - - -
7 1-3(2) 2-6(3) 3-6(6) 4605B) 26(5B) 254 1,21 1 - - -
8 1 - - 35@) 2501 2,32 132 250 - - -
9 2-4(3) 1,2() 1 1 1 1 1 1 1 - -
10 1 - 1 2-4(3) 1 1 - 2,32 - - -
1 2-5(4) - - 1 1 1 1 1,2(1) - - -
12 1-5(3) - - - - - - - - - -
13 - - - - - - - - -
14 - - - 1 1 1 1 1 1 - -

nc: not counted.

beyond caudal margin of segment, 9-1V thick, 1.35-2.82
(mean = 2.01 + 0.49) length of 9-111, 10-1V, V always
single; 0-V-VII often 4-branched, 3-V with branches
extending well beyond caudal margin of segment, 8-V,
VI frequently double, 9-V dark, strong, curved, 1.68-
3.09 (mean = 2.38 + 0.47) length of 9-1V, 9-V, VI less
than 0.50 length of segment; 7-V1 usually single, rarely
double, 9-VI strong, curved, 1.10-1.64 (mean = 1.28 *
0.16) length of 9-V; 9-VII strong, curved, sharply point-
ed, 0.98-1.86 (mean = 1.42 + 0.26) length of 9-VI; seta
10-1V absent; 9-VI1I1, V111 about 0.50 length of segment;
0-VII1 normally single, 9-VI1I straight, 0.66-1.10 (mean
=0.85 £ 0.15) length of 9-VI1I. Male genital lobe: thick at
base with sides tapering toward apex, apex with mam-
miliform protuberance. Paddle obovate, 1.24-1.47 (mean
= 1.37 = 0.06) longer than wide, length 0.70-0.85 mm
(mean = 0.78 + 0.05), width 0.49-0.62 mm (mean = 0.57
mm = 0.04), refractile index 0.70-0.78 (mean = 0.73 *
0.03), outer margin distal to buttress including apex with
very fine, minute spicules, inner margin smooth; seta
2-Pa usually single.

Fourth-instar larva (Fig. 3): position and development
of setae as figured; range and modal number of branches in
Table I11. Measurements were made on 10 specimens un-
less otherwise indicated. Head: length 0.62-0.76 mm (mean
=0.66 mm = 0.06) (n = 5), width 0.58-0.69 mm (mean =
0.62 £ 0.05) (n = 5). Integument weakly pigmented with
darker spots along posterior border of dorsal apotome, on
posterior margin of frontal ecdysial line on lateralia, pos-
teriorly on lateral area of lateralia, ventrally on lateralia, on
anterior area of labiogula and along hypocranial ecdysial
line. Dorsomentum strongly sclerotized, blackish, median
tooth moderately broad, tapered to point and blunt at apex,

about twice as wide as adjacent tooth. Antenna: length
0.27-0.35 mm (mean = 0.31 mm £ 0.02), 7.36-8.83 (mean
= 8.26 + 0.52) longer than wide, with long thin spicules
on mesal margin, spicules short and sparse on dorsal and
ventral surfaces, seta 1-A, 0.25-0.34 (mean = 0.28 £ 0.03)
distance from base. Seta 2-C single with minute, sparse
aciculae, 1.14-1.53 length of 3-C (mean = 1.35 £+ 0.11), dis-
tance between bases 3.76-6.59 (mean = 4.85 + 0.77) width
of base of single seta, 3-C single, 0.65-0.87 length of 2-C
(mean = 0.74 = 0.06), clypeal index 0.78-1.79 (mean = 1.38
+ 0.26) (distance between bases of 2-C and 3-C on one
side/distance between the bases of 2-C), seta 4-C branched,
short, extending 0.5 distance to anterior margin of head,
10-C triple. Collar dark brown, moderately wide dorso-
laterally. Thorax: seta 1-P with apically truncate leaflets,
14-P with long branches arising from short shaft, median
branches longer than lateral branches, extending beyond
anterior margin of thorax; 1-M plumose; 2-T moderately
long, single, extending beyond caudal margin of thorax,
3-T palmate, with narrow leaflets. Abdomen: integument
with minute spicules on ventral surface of segments II-
VIII; seta 5-1 with branches arising from short stem less
than length of seta from lateral margin of abdomen; 0-I1-
VII large, multibranched, 1-11-VII with variable truncate
to pointed leaflets, 2-11, I11 large with strongly developed
branches; 2-1V rarely double,13-1V extending to caudal
margin of segment; 2-V normally single, 13-V extending
beyond caudal margin of segment. Pecten with 3-5 long,
11-14 short spines, long spines 2.45-2.98 (mean = 2.70
0.16) length of short spines; lateral arms of median plate of
spiracular apparatus short to moderately long. Segment X
covered with spicules, those on posterior margin stronger,
seta 1-X longer than length of saddle, inserted on or off
saddle, anal papillae longer than saddle.
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Fig. 2: pupa and male genitalia of Anopheles albitarsis. Pupa: CT: cephalothorax; p: puncture; Pa: paddle; I-1X: abdominal segments. Male
genitalia: A: gonostylus; B: gonocoxite; C: internal seta; D: accessory setae; E: aedeagus; F: dorsal claspette; G: tubercle of parabasal spine; H:

ventral claspette. Scales in mm.

Distribution - Distribution data presented here
are from the published literature records referring to
specimens of An. albitarsis identified by RAPD-PCR,
mtDNA-COI or rDNA-ITS2. An. albitarsis is found in
Argentina, Provinces of Misiones, Corrientes and Bue-
nos Aires; Brazil, states of Santa Catarina, Parana (PR)
and SP (Wilkerson et al. 1995c, Lehr et al. 2005, Li &
Wilkerson 2005); and Paraguay, state of Alto Parana
(Wilkerson et al. 1995c).

Material examined - Table 1.

Type data - An. imperfectus, holotype, Vera Cruz, SP
(GR Ramalho coll. (1939), Corréa and Ramos (1943), det.,
pinned adult female in moderately good condition, inside
a glass vial, collection number E-1265, FSP-USP, SP.

Bionomics - Kakitani and Forattini (2000) observed that
the daily survival rate for An. albitarsis (as An. albitarsis B)
is 0.5566 + 0.015 and that the duration of the gonotrophic
cycle is 2,046 days in the Ribeira Valley, in the southeast-

ern part of SP. Lounibos et al. (1998) observed that under
laboratory conditions 22.9% of nulliparous females of An.
albitarsis failed to mature eggs after one blood meal.

An. albitarsis seems to be adapted to human envi-
ronments. Results of collections carried out using Shan-
non traps in irrigated rice fields showed that there was
an increase in both An. albitarsis A and An. albitarsis B
densities that could be associated with the development
of rice farming. At the same area, An. albitarsis fed on
humans indoors and outdoors, at sunset and sunrise, in a
domestic environment (Forattini et al. 1995).

Medical importance - Because of misidentification
of members of the An. albitarsis complex, the medical
importance of An. albitarsis is unknown.

Molecular characterization - An. albitarsis can be
recognized by a RAPD-PCR profile produced using
Operon primers B16, A0l and C15 (Wilkerson et al.
19954, c). However, this method can be unreliable as an
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Fig. 3: fourth-instar larva of Anopheles albitarsis. A: antenna; C: cranium; Dm: dorsomentum; M: mesothorax; P: prothorax; p: puncture; S:
spiracular apparatus; T: metathorax; VVm: ventromentum; I-VI11, X: abdominal segments. Scales in mm.

identification tool because results might differ depend-
ing on the DNA extraction protocol, reagents and type of
PCR thermocycler (Li & Wilkerson 2005). A preferable
method of identification is the use of a combination of
species-specific primers based on rDNA ITS2 sequence
developed by Li and Wilkerson (2005). Lehr et al. (2005)
and Wilkerson et al. (2005) corroborated the monophy-
ly of An. albitarsis when using COlI mtDNA sequence
data and combined COI, ND4 mtDNA, 1TS2, 28S rDNA
sequence data, respectively.

Anopheles marajoara Galvao and Damasceno

Anopheles marajoara Galvdo and Damasceno (1942):
424 (M, F, L). Type: holotype, adult male with associated
fourth instar larval and pupal exuviae (FSP-USP). Type
loc. Santa Maria Farm, 400 m distant from Camara Riv-

er, between Cachoeira do Arari and Salvaterra munici-
palities, Ilha de Marajo, Para (PA), Brazil. Lane (1953):
244 (syn.); Belkin et al. (1971): 4,46 (type info, tax.); Lin-
thicum (1988): 198 (from syn. with An. albitarsis); Qui-
fiones and Suarez (1990): 602-604 (biology); Lounibos
and Conn (1991): 57-66 (biology); Narang et al. (1993):
97-112 (tax., cryptic species); Rubio-Palis (1995): 482-
484 (feeding behavior); Wilkerson et al. (1995c): 697-
704 (tax., RAPD-PCR); Chadee and Wilkerson (2006):
22-28 (ecology, feeding behavior); Senise et al. (2006):
453-457 (type info, exclusion of the male genitalia slide
associated with the holotype from the type material). An.
albitarsis domesticus Galvdo and Damasceno (1944): 78
(M, F, E*). Type loc. Cachoeira do Arari, llha de Mara-
jO, PA. Correa et al. (1950): 280 (biology); Belkin et al.
(1971): 4 (type info); Rios et al. (1984): 461 (tax.); Linthi-
cum (1988): 198 (syn. with An. marajoara).
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TABLE IV
Range (mode) of setal branches of the pupa of Anopheles marajoara

Seta Abdominal segments
n Cephalothorax | 1 11 v \% Vi Vil VIl IX Paddle
0 - - 3-76) 48(5) 354 36(6) 3606) 3706 141 - -
1 2-4(3) nc 5-10(8) 3-11(8) 1 1 1 1 - 2-5(3) 1
2 2-5(3) 154) 3-8(6) 36(6) 142 13(3) 13(2 1-3(Q - - 1-3(2)
3 2-4(3) 1-3 (1) 1 1-3(1) 3-6(@) 2403 142 250 - - -
4 2-5(3) 4-76) 4-75) 374 35@ 350 142 1412 2,303 - -
5 3-7(3) 1312 3-7(6) 311G 210@ 131 131 1 - - -
6 2,3(2 1,21 L2(10 13212 1312 1,212 1,201 13 - - -
7 2-4(3) 15@4) 3606) 3603 36¢@ 2403 1210 12(@) - - -
8 1 - - 2-44) 1301 132 1312 27(Q - - -
9 1-3(2) 1 1 1 1 1 1 1 1 - -
10 1 - - 1-4 (3) 1 1 - 1-3(2) - - -
11 2-4 (4) - - 1,2(1) 1,2(@) 1 1 1,2(2) - - -
12 2-6 (3) - - - - - - - - - -
13 - - - - - - - - -
14 - - - 1 1 1 1 1 1 - -

nc: not counted.

Female: similar to An. albitarsis except as follows.
Proboscis brown to dark brown with decumbent scales
and short setae; length 1.92-2.05 mm (mean = 1.97 mm
+ 0.05) (n = 5), 1.28-1.41 length of forefemur (mean
= 1.34 £ 0.05) (n = 5), 1.00-1.07 length of maxillary
palpus (mean = 1.04 + 0.03) (n = 5). Labella similar
in color to labium. Palpus 1.85-1.97 mm (mean = 1.91
+ 0.06) (n = 5), 0.93-1.00 length of proboscis (mean =
0.96 £ 0.02) (n = 5); length palpomere 2/palpus length
0.26-0.32 (mean = 0.29 = 0.02) (n = 5); length palpom-
ere 3/palpus length 0.32-0.37 (mean = 0.34 £ 0.02) (n =
5); length palpomere 4/palpus length 0.16-0.21 (mean
=0.18 £ 0.01) (n = 5); length palpomere 5/palpus length
0.13-0.15 (mean = 0.13 % 0.01) (n = 5). Wing: length
2.72-3.60 mm (mean = 3.14 + 0.22) (n = 30); veins dark-
scaled with spots of white scales on anterior area of
costa, subcosta and R and R, pale yellow scales on re-
maining veins. Forefemur 1.40-1.60 mm (mean = 1.49
mm = 0.08) (n =5), 0.71-0.78 length of proboscis (mean
= 0.75 = 0.03) (n = 5); hindtarsomere 2 dark-scaled
proximally with a basal dark band 0.40-0.63 length of
tarsomere (mean = 0.49 £ 0.06) (n = 30).

Male: similar to An. albitarsis.

Male genitalia (Fig. 4): similar to An. albitarsis ex-
cept for the characters as follow. Tubercle of parabasal
seta 0.22-0.25 (mean = 0.23 £+ 0.04) (n = 3) length of
parabasal seta; dorsomedial rim 0.10-0.13 (mean =0.11 +
0.01) (n = 3) length of gonocoxite; dorsal accessory setae
0.35-0.42 (mean = 0.38 + 0.03) (n = 3) length of gono-
coxite; aedeagus 0.41-0.45 (mean = 0.42 £ 0.01) (n = 3)
length of gonocoxite.

Pupa (Fig. 4): similar to An. albitarsis except as
follows. Position and development of setae as figured;
range and modal number of branches in Table V. All
measurements were made on 10 specimens. Abdomen:
length 2.43-3.26 mm (mean = 2.74 mm % 0.26); 3-1 single
to triple, 9-1 always single; 6-11 single or double, 1.19-
2.99 length of 7-11 (mean = 1.99 + 0.50); 6-111-V usually
double, 9-111 1.20-2.59 (mean = 1.93 £ 0.51) length of
9-11; 5-1V usually triple, 8-1V-V1 single to triple, 9-1V
1.40-2.70 (mean = 1.87 + 0.42) length of 9-IIl, 10-1V, V
always single, long; 0-V-VII often 5-branched, 9-V 1.83-
3.99 (mean = 2.45 £ 0.65) length of 9-1V, 9-V, VI less
than 0.5 length of segment; 5-VI with 1-3 branches, 7-VI,
V11 single or double, 9-V10.93-2.18 (mean = 1.32 + 0.34)
length of 9-V; 5-VII single, 9-VII 1.17-1.79 (mean = 1.38
+ 0.20) length of 9-VI, 9-VII VIII about 0.5 length of
segment; 0-VI1I normally single (1-4 branches), 9-VIII
0.82-1.04 (mean = 0.90 £ 0.08) length of 9-VII, 4-VIII
double or triple. Paddle 1.14-1.45 (mean = 1.34 + 0.08)
longer than wide, length 0.65-0.79 mm (mean = 0.73 mm
+ 0.04), width 0.45-0.66 mm (mean = 0.55 mm + 0.06),
refractile index 0.67-0.75 (mean = 0.71 + 0.03).

Fourth-instar larva (Fig. 5): similar to An. albitarsis
except as follows. Position and development of setae as
figured; range and modal number of branches in Table V.
Measurements were made on 10 specimens unless other-
wise indicated. Head: length 0.59-0.75 mm (mean = 0.68
+ 0.05), width 0.65-0.82 mm (mean = 0.73 + 0.06) (n =
9). Integument with darker spots on central area of dor-
sal apotome, along frontal ecdysial line and on lateral
and ventral areas of lateralia, labiogula with two pale
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Fig. 4: pupa and male genitalia of Anopheles marajoara. Pupa: CT: cephalothorax; p: puncture; Pa: paddle; I-IX: abdominal segments. Male
genitalia: A: gonostylus; B: gonocoxite; C: internal seta; D: accessory setae; E: aedeagus; F: dorsal claspette; G: tubercle of parabasal spine; H:

ventral claspette (ventral view). Scales in mm.

spots between hypostomal suture and hypocranial ecdy-
sial line. Antenna: length 0.27-0.38 mm (mean = 0.31
mm = 0.03), 7.55-8.91 (mean = 8.12 + 0.39) longer than
wide, weakly to strongly pigmented (specimens from
SP); seta 1-A with branches 0.25-0.34 (mean = 0.30 +
0.03) distance from base. Seta 2-C 1.24-1.55 length of
3-C (mean = 1.42 + 0.09), distance between bases of 2-C
3.91-6.05 (mean = 4.92 + 0.66) width base of single seta,
3-C moderately aciculate, 0.65-0.81 length of 2-C (mean
= 0.71 £ 0.05), clypeal index 0.97-1.66 (mean = 117 +
0.22), 9, 10-C often triple. Thorax: seta 1-P palmate, with
leaflets truncate at apex. Abdomen: seta 13-I, 111 often
5-branched; 0-11-V11 large, multibranched, 1-11-V11 with

truncate to pointed leaflets; 2-1V single or double, 2-V
long, always single, 13-1V, V often 4-branched. Pecten
with 4-5 long, 10-14 short spines, long spines 2.53-3.71
(mean = 3.04 £ 0.30) length of short spines; lateral arm of
median plate of spiracular apparatus short to moderately
long. Segment X: seta 1-X inserted on or off saddle.

Distribution - An. marajoara is found in Brazil,
states of Mato Grosso (MT), Amazonas (AM), SP, PA
and RO (Wilkerson et al. 1995a, c, Lehr et al. 2005, Li &
Wilkerson 2005) and AP (Conn et al. 2002, Li & Wilk-
erson 2005); Paraguay, state of Alto do Parana (Wilk-
erson et al. 1995c). Records from RR, and Departments
of Zulia, Cojedes and Barinas, Venezuela (Wilkerson et
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Fig. 5: fourth-instar larva of Anopheles marajoara. A: antenna; C: cranium; Dm: dorsomentum; M: mesothorax; P: prothorax; p: puncture; S:
spiracular apparatus; T: metathorax; Vm: ventromentum; I-V111, X: abdominal se segments. Scales in mm.

al. 19953, Rubio Palis 2003, Li & Wilkerson 2005) may
refer to Anopheles janconnae n. sp An. marajoara is so
far the only species of the complex found in Trinidad
(Chadee & Wilkerson 2006).

Material examined - Table 1.

Bionomics - Since a new species related to An. mara-
joara, An. albitarsis F, has been recognized in Colombia
by Brochero et al. (2007), published literature records
in Colombia and neighboring countries may refer to An.
marajoara, An. albitarsis F or An. janconnae n. sp. Until
the distributions of these species are better known cau-
tion should be exercised when interpreting the literature
referring to An. marajoara.

Conn et al. (2002) conducted entomological surveys
in malaria areas of Macapa, AP, and found An. mara-
joara frequently infected, replacing Anopheles dar-
lingi as the primary vector. It is hypothesized that the
observed change in mosquito population densities was
caused by deforestation for agriculature that resulted in
newly created ground pools favoring An. marajoara lar-
vae. In a study carried out in Ilha Comprida, Atlantic
Forest domain, southern SP, Kakitani et al. (2003) ob-
served that the biting activity of An. marajoara peaked
between 2-5 h. In contrast, Chadee (1992) found that An.
marajoara from Trinidad showed extra-domiciliary and
intra-domiciliary biting behavior, with host-seeking ac-
tivity starting at 17 h and ending at 22 h. They recom-
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mended, because of the differences in the peak activity
for An. marajoara from Southern Brazil and Trinidad,
that these populations should be more closely investigat-
ed to determine if they represent distinct species.

Medical importance - Historically, An. marajoara
was thought to be at most a secondary local vector of
malarial parasites (Linthicum 1988). However, recent
published data show that An. marajoara is a primary
vector of human malarial parasites in Macapa (Conn et
al. 2002) and Serra do Navio, AP (Pdvoa et al. 2001).

Molecular characterization - An. marajoara can be
recognized by RAPD-PCR banding profiles produced
by Operon primers D01, A01, C19 and C16 (Wilker-
son et al. 1995a, ¢). Similarly, Li and Wilkerson (2005)
demonstrated that An. marajoara can be distinguished
from other species of the complex by species specific
ITS2 sequence. Lehr et al. (2005), using COl mtDNA
sequence data, found at least two species under the name
An. marajoara among specimens that were first identi-
fied by the RAPD-PCR profile and ITS2 sequence. Con-
sequently, using the results of phylogenetic analyses,
Lehr et al. (2005) hypothesized a fifth species, An. al-
bitarsis E, which had been identified as An. marajoara.
Wilkerson et al. (2005) using ND4, COI, ITS2 and 18S
sequence data recovered a nonexclusive clade consist-
ing of individuals of An. marajoara and An. deaneorum.
Lack of exclusivity of sequences of An. marajoara and
An. deaneorum was considered suggestive of ancestral
introgression or perhaps a recent speciation event. Mer-
ritt et al. (2005) used coding sequence of the white gene
including its fourth intron, to examine relationships
among five species of the An. albitarsis complex. Results
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of sequence analyses showed the presence of the fourth
intron in An. marajoara, whereas it is absent in the other
species of the complex. Phylogenetic placement of An.
marajoara within the complex was not entirely resolved
because Wilkerson et al. (2005) found high support for
a close relationship between An. marajoara and An.
deaneorum, while Merritt et al. (2005) found support for
An. marajoara sister to An. albitarsis B.

Anopheles (Nyssorhynchus) deaneorum Rosa-Freitas

An. deaneorum Rosa-Freitas (1989): 535 (M, F*, P, L*,
E). Type: holotype, adult female with associated fourth
instar larval and pupal exuviae (I0C-RJ). Type locality:
Palheta, Guajara-Mirim, RO. Klein et al. (1990): 510-513
(tax., biology); Klein et al. (1991c): 301-303 (tax., DNA
hybridization); Narang et al. (1993): 97-112 (tax., al-
lozyme, RFLP); Wilkerson et al. (1995c): 697-704 (tax.,
RAPD-PCR).

Female: similar to An. albitarsis except as follows.
Proboscis brown to dark brown with decumbent scales
and short setae; length 1.75-1.92 mm (mean = 1.82 mm
+ 0.05) (n = 8), 1.28-1.39 length of forefemur (mean =
1.33 £ 0.03) (n = 8), 1.06-1.16 length of maxillary palpus
(mean = 110 + 0.04) (n = 8). Labella similar in color
to labium. Maxillary palpus 1.57-1.76 mm (mean = 1.67
mm = 0.06) (n = 8), 0.86-0.95 length of proboscis (mean
=0.91 + 0.04) (n = 8); length palpomere 2/palpus length
0.26-0.31 (mean = 0.30 = 0.02) (n = 8); length palpomere
3/palpus length = 0.28-0.38 (mean = 0.33 + 0.03) (n = 8);
length palpomere 4/palpus length = 0.16-0.22 (mean =
0.18 + 0.02) (n = 8); length palpomere 5/palpus length =
0.13-0.16 (mean = 0.14 + 0.02) (n = 8). Wing: length 2.80-
3.60 mm (mean = 3.17 £ 0.19) (n = 30); veins dark-scaled

TABLE VI

Range (mode) of setal branches of the pupa of Anopheles deaneorum

Seta Abdominal segments

n Cephalothorax | 1 11 v \% \| Wl VIl IX Paddle
0 - - 4-76) 4-8(6) 4-806) 3-6(B) 46(B) 35@ 1,2 - -

1 2-4(3) nc 5-13(8) 4-10(6) 1,2(1) 1 1 1 - 2-3(2) 1

2 2-5(2) 476) 37(6) 36@ 1312 1312 131 1,2( - - 1-3(2)
3 2-5(3) 1-3 (1) 1 1-3(1) 3-76) 163 2-4(3) 3-5(3 - - -

4 2-4(3) 4-3(6) 4-806) 374 3-6(6) 34(3) 243 2,333 24(3 - -

5 2-6 (3) 152 274 411(7) 2-6(6) 141 141 L2(Q - - -

6 2-4(3) 1-3(1) 141 151 132 1312 13(@Q) 1 - - -

7 2,3(2 374 4606B) 37Q 37@ 2413 L1210 131 - - -

8 1 - - 25(3) 243 2,32 242 36 - - -

9 2-5(3) 1 1 1 1 1 1 1 1 - -
10 1,2(1) - 1 2-4(3) 1 1 1 2-4(2) - - -
11 2-5(4) - - 1 1 1 1 1,2(2) - - -
12 2-5(3) - - - - - - - - - -
13 - - - - - - - - - - -
14 - - - 1 1 1 1 1 - -

nc: not counted.



