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RESUMO: Status taxondmico de Zangara cyanomelaena (Wied, 1830), um endemismo da Floresta Atlantica do leste brasileiro. A
safra-diamante é amplamente distribuida na Amazo6nia e nas matas atlanticas do leste da América do Sul, incluindo pelo menos quatro
subespécies reconhecidas. Este estudo revé o status taxondémico de Tangara velia cyanomelaena, que ocorre apenas no leste brasileiro.
A andlise de espécimes taxidermizados enfocou a coloracio da plumagem e a morfometria. A andlise morfométrica comparativa
incluiu uma estatistica descritiva, andlise de variincia (ANOVA) e de func¢io discriminante (DFA). As andlises mostraram uma
inequivoca diagnose morfoldgica e, conseqiientemente, resultaram no reconhecimento de Tangara cyanomelaena como espécie vélida
com base no conceito filogenético. Essa espécie difere de todos os tdxons incluidos no género por possuir o peito e os flancos azul-
celestes (cor 66 de Smithe, 1975), enquanto que 7. velia possui o peito e os flancos mais escuros, variando do azul-esmaltado (70)
ao violeta-espectral (72). A andlise estatistica, por sua vez, apontou que 7. cyanomelaena é maior que T velia, e que as espécies sio
significativamente diferentes do ponto de vista morfométrico.
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ABSTRACT: The Opal-rumped Tanager is widespread in Amazonia and Atlantic Forest of eastern Brazil, with at least four
subspecies. This study reviews the taxonomic status of Zangara velia cyanomelena, which occurs in eastern Brazil. Analyzes focused on
plumage coloration and measurements and included descriptive statistics, Analysis of Variance (ANOVA) e Discriminant Function
(DFA). The results provided unequivocal morphological diagnoses. Zangara v. cyanomelaena differs from all other members of the
genus in having the breast and flanks sky blue. Statistical test demonstrated that the morphometric data of 7. v. cyanomelaena have
some means significantly different from those of 7. velia complex. Given its clear diagnosability, inferred long-term independent
evolution, and allopatric distribution, we consider that henceforth Zangara cyanomelaena should be treated as a separate species
under the phylogenetic species concept from 7. velia complex.
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Birds are amongst the most diverse groups of ter-
restrial vertebrates (Chiappe and Dyke 2002), but tax-
onomy at the level of species still poses many problems.
Most Neotropical bird species are polytypic, that is they
are divided into subspecies. These latter have been de-
scribed under a variety of different conceptual parame-
ters, and vary from those that exhibit only gradual varia-
tion across large areas of the continent, to others that
represent extremely well-defined forms (Raposo 2001a).
The Neotropical genus Zangara is generally considered to
comprise 49 species (Sibley and Monroe 1990) and 130
subspecies (Peters 1970), and contains some of the most
strikingly colourful representatives of the Emberizidae
(Burns and Naoki 2004).

The Opal-rumped Tanager 7angara velia (Linnaeus,
1758) presents a disjunct distribution, being known from
forests in the Amazon basin and the Atlantic Forest in
eastern Brazil. In addition to nominate 7. ». velia, which

occurs over the Guianan Shield (Pinto 1944, Peters 1970),
the following races have been recognized in Amazonia:
Tangara velia iridina (Hartlaub, 1841; described from
Peru), occurring over much of western Amazonia, includ-
ing Colombia, south-western Venezuela and Amazonian
Ecuador, Peru and Bolivia (Pinto 1944, Peters 1970),
and Tangara velia signata (Hellmayr, 1905; described
from Pard, Brazil), occurring south of the Amazon, in
Pard (Pinto 1944, Peters 1970). The Amazonian taxa of
T velia are very similar to each other, differing only in
the relative tones of blue on the forecrown, breast, flanks,
wing-coverts, and fringes of the remaining wing-feath-
ers (Hellmayr 1936, Ridgely and Tudor 1989); in stark
contrast, the race from eastern Brazil, 7" v. cyanomelaena
(Wied, 1830), is quite different from all of the remain-
ing races, especially in its much paler underparts. Ridgely
and Tudor (1989) pointed to the complete lack of contact
between 7 v. cyanomelaena and the Amazonian popula-
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tions, which taken together with the striking plumage dif-
ferences suggested to them that two species might be in-
volved, an arrangement followed by Sibley (1996). Here,
we test the validity of the taxon 77 cyanomelaena and de-
scribe geographical variation in the 77 velia complex.

METHODS

A total of 83 specimens pertaining to all 7angara velia
subespecies was analysed (including 35 7. v. cyanomelae-
na), held in the following institutions: Museu Nacional,

Universidade Federal do Rio de Janeiro (MNR]), Museu
Paraense Emilio Goeldi, Belém (MPEG), Universidade
Federal de Pernambuco, Recife (UFPE), Departamento
de Zoologia da Universidade Federal de Minas Gerais,
Belo Horizonte (DZUFMG), and the Museu de Zoolo-
gia da Universidade de Sao Paulo (MZUSP). Because of
the relatively few specimens available pertaining to the
Amazonian taxa and their relative similarity (they differ
only in the tone of blue on the forecrown, wing-coverts,
and fringes of the remaining wing-feathers; see Figure 1),
all specimens from the ranges of 7. v velia (Linnaeus,

1758), 1 v. iridina (Hartlaub, 1841), and 7. v. signata

FIGURE 1: Ventral view of typical individuals of Zangara cyanomelaena and T velia complex. From right to left: 7. cyanomelaena (MNR] 38140,
topotype) and 7. velia (from left to right: MNR] 29902 — Serra do Navio, AP; MNR]J 9809 — Murutucu, PA; and MNRJ 12130 — Vila Braga, rio
Tapajés, PA), showing the significant differences in underparts pattern, including the paler blue breast and flanks of 7. cyanomelaena, and the paler
chestnut / cinnamon ventral region of 7. cyanomelaena, which is apparent in the majority of individuals of this taxon.
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Table 1: Plumage pattern relating to diagnostic characters. Typical pattern of 7. cyanomelaena and typical pattern of 7. velia complex.

Character state (following Smithe 1975)

Character 1. velia complex 1. cyanomelaena
Forehead Bright blue (colour 70) or spectral violet (colour 72) yellow band
Breast Bright blue (colour 70) or spectral violet (colour 72) Sky blue (colour 66)
Flanks Bright blue (colour 70) or spectral violet (colour 72) Sky blue (colour 66)
Vent Amber (colour 36) Cinnamon (colour 139)

(Hellmayr, 1905) are generally referred to hereafter as
Iangara velia complex. Photographs of the holotypes of
1’ v. iridina and T v. signata were also analysed. A com-
plete list of the material examined is presented in the
Appendix.

Additionally, GMK conducted a morphological
(plumage colour) examination of four (three male, one
female) 7. v velia and 30 (17 male, ten female and three
unsexed) specimens of 7. v. iridina collected in Venezu-
ela and held at the Coleccién Ornitologia Phelps, Cara-
cas (COP), as well as 19 7" v. cyanomelaena (from Bahia,
Pernambuco, Rio de Janeiro, and Goids), 32 7. v velia
(from the Guianas), 14 7 v. iridina (Colombia, Ecuador
and Peru) and a single 7. v. signata (Para, Brazil), at The
Natural History Museum, Tring (NHM). No measure-
ments were taken and these specimens were not included
in the statistical analyses.

Our analysis of those specimens held in Brazilian in-
stitutions focused on plumage coloration (using Smithe
1975) and morphometric characters (wing-length, tail-
length, bill-length and bill-width at the nares). The
software STATISTICA (2001) was used for descriptive
analysis and application of the following tests: normal-
ity, homoscedasticity (Levene Test), Analysis of Variance
(one-way ANOVA), and Discriminant Function Analy-
sis (DFA). All ANOVAs were one-way to evaluate sig-
nificant mean differences between 7 v. cyanomelaena and
Amazonian specimens of 7. velia. Statistical significance
was accepted at P < 0.05 throughout.

For color plumage analysis, categories for the differ-
ent conditions of independently analyzed characters were
defined using Smithe (1975) (Table 1). The same condi-

tions were applied to both sexes as, apparently, there is no

sexual dimorphism in plumage. Nonetheless, the possibil-

FIGURE 2: Forehead view of Tangara cyanomelaena and T velia complex. From right to left: 7 cyanomelaena (MNR] 38140, topotype) and 7. velia
(from left to right: MNRJ 29902 — Serra do Navio, AP; MNRJ 9809 — Murutucu, PA; and MNR] 12130 — Vila Braga, rio Tapajés, PA), showing

conspicuous yellow frontal band on the forehead. Despite being less conspicuous, this latter feature is also present in individuals of 7 velia signara.
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TABLE 2: Mean mensural values for four characters amongst males and females of 7. cyanomelaena and T velia complex. Mean (x), standard deviation (SD), minimum (min) and maximum scores (max), and

total number of specimens analysed for each character (7).

Wing-length (mm)

Tail-length (mm)

Bill-width (mm)

Bill-length (mm)

min

SD

min

SD

max

min

SD

Min

SD
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1T cyanomelaena

01.93  69.50 70.80 13

56.00 13 72.42

49.00

52.54 01.95

13

00.30 04.20 05.25

12 04.73

17.10

15.00

00.78

16.18

Males

8

7 69.42 0192 66.50 71.55

54.00

50.13 02.54 45.50

7

05.00

00.73 14.20 16.50 7 04.74 00.30 04.15

15.32

Females

T velia

60.85 76.60 36

03.18

71.04

55.50

02.90 42.00

48.51

03.90 05.25

00.41

04.36

00.64 12.65 15.60

14.20

Males

8

02.50 66.10 70.55

68.72

8

51.50

48.00 03.02 43.50

8

00.46 03.50 04.85

04.47

15.75 8

12.90

14.24  00.99

Females

ity that such dimorphism exists was not discarded during
the analyses, the two sexes being analyzed independently.
Juvenile specimens or those in moult were not considered
in either the morphometric or plumage analyses.

We adopted the species concept outlined in Nel-
son and Platnick (1981), i.e. the Phylogenetic Species
Concept.

RESULTS

Plumage analysis — langara v. cyanomelaena differs from
all other members of the genus in having the breast and
flanks sky blue (colour 66 in Smithe 1975), whereas in
T velia complex has much darker breast and flanks, vary-
ing from bright blue (70) to spectral violet (72) (Figure 1).
No specimens intermediate between 7. velia complex and
1" v. cyanomelaena were found. T. cyanomelaena also fre-
quently presents two other plumage characters, although
these cannot quite be considered diagnostic. In general,
the majority of individuals possess a conspicuous yellow
frontal band on the forehead and a clearly maroon-co-
loured ventral region (colour 139), which latter is deeper
and less extensive in 7 velia complex (colour 36) (Fig-
ure 1 and 2).

In the absence of the holotype of 7. v. cyanomelaena
(see Taxonomy), we found a topotype (MNR] 38140)
which can briefly be described as follows: forehead with
a yellow band (colour 55) and bright blue (colour 70)
above the bill base, over the lores, cheeks and ear-coverts;
crown, nape and upperparts dark grey (colour 82); all
wing-coverts bright blue (colour 70); primaries and sec-
ondaries black with green edges (colour 64); rump yellow
and rectrices blackish gray (colour 82) with bright blue
(colour 70) edges; chin and throat blue (colour 70); upper
breast blackish gray (colour 82) with some feathers largely
sky blue (colour 66), and lower breast and flanks entirely
sky blue (colour 66); abdomen, thighs and undertail-co-
verts cinnamon (colour 139). The same plumage pattern
found in the topotype can be observed in other specimens
of T" v. ¢cyanomelaena throughout its distribution.

Morphometric analysis — Tests for normality (Kolmogo-
rov-Smirnov Test) and homogeneity (Levene Test) dem-
onstrated that the morphometric data could serve as sta-
tistically valid parameters in our analyses. An ANOVA
showed that 7. v. cyanomelaena males have on average
greater bill-length (P < 0.01), bill-width (P < 0.01), and
wing-length (P < 0.01) means significantly different from
those of 7. velia complex males; among females, only bill-
length (P < 0.01) average was greater in 7. v. cyanomelae-
na than in 7" v. velia. In sum, males of 7. v. cyanomelaena
are generally larger than those of 7. v. velia whilst female
1" v. cyanomelaena is longer billed than 7. v. velia (see
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Table 2). In males, the DFA revealed a strong segrega-
tion between 7. v. cyanomelaena (100%) and 1. v. velia
(100%) with statistically significant confidence inter-
vals. The ANOVA also revealed sexual dimorphism in
1’ v. cyanomelaena, as males have longer wings than fe-
males (P < 0,01). No such dimorphism was observed in

T v. velia (see Table 2).

Taxonomy — Given its clear diagnosability, inferred long-
term independent evolution, and allopatric distribution,
we consider that henceforth Zangara cyanomelaena should
be treated as a separate species from 7. velia.

The holotype of 7" cyanomelaena, which originally
formed part of the Wied collection, has been lost for more
than a century (Allen 1889, Hellmayr 1936). Whilst the
rest of his collection resides at the American Museum of
Natural History (New York), the type of 7. cyanomelaena
cannot be located (M. LeCroy iz /itz. 2006), and thus was
unavailable for the present study. Nonetheless, analysis
of the topotype from Ilhéus (MNR] 38140), Bahia, and
Wied’s original description (Wied 1830) of a black and

blue “Tangara’ with yellow on the forehead and rump, a

%\ 5N

greyish-blue belly and cinnamon undertail-coverts, pro-
vide clear support for the present-day application of the
name 7. cyanomelaena.

During this study we considered the possibility of
designating a neotype for 7. cyanomelaena, in order to
avoid future complications in applying this name. How-
ever, the International code of zoological nomenclature
(1999) clearly indicates (Art. 75) that a neotype is only
required in cases of extreme necessity to resolve complex
taxonomic issues. In the present case, the matter is rather
straightforward, as Wied’s description clearly indicates the
provenance of the type specimen on which it was based,
and specimens of 7. cyanomelaena from throughout the
taxon’s range exhibit strong homogeneity in plumage (di-
agnostic characters), strongly indicating that it must be
maintained as the only species of eastern Brazil without
future subdivisions.

DISCUSSION

Iangara cyanomelaena have been considered subspe-
cies of T velia due to their relatively similar appearance

% 0

ot

A

FIGURE 3: Distribution of 7angara cyanomelaena (white squares) and 7. velia complex (black circles). 7. cyanomelaena is restricted to
the Atlantic Forest in eastern Brazil and never comes into contact with 7. velia.
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and allopatric ranges (Figure 3), though decisions in such
cases always involve intrinsically subjective opinions re-
garding species status, which has generated much criti-
cism of the Biological Species Concept (e.g. Snow 1997),
and led to disparate treatments of similar cases (Raposo
2001b). For this and other reasons, the conceptual logic
underlying the Biological Species Concept has been much
criticized (vide Wilson and Brown 1953, Ehrlich 1961,
Sokal and Crovello 1970, Rosen 1978, 1979, Nelson and
Platnick 1981, Wiley 1978, Cracraft 1983, 1989, 1992,
Donoghue 1985, Futuyma 1992, Mckitrick and Zink
1988, Nixon and Wheeler 1990, Zink 1997).

Some taxonomists, especially those working in the
early 20th century, have treated the subtlest of geographi-
cal variation in size or coloration found among bird pop-
ulations as subspecies (Barrowclough and Flesness 1996),
despite that such characters frequently change very grad-
ually (clinally) over large continental landmasses and, for
this reason, are not meritorious of nomenclatural recog-
nition, as they do not permit the delimitation of well-
defined units.

It is worth mentioning that none of the concepts of
subspecies which has historically been utilised in ornithol-
ogy (e.g. Mayr 1942; Mayr and Ashlock 1991) is compa-
rable with that of phylogenetic species (but see Remsen
2005), as proposed by Cracraft (1983), who defined such
an entity as ‘the smallest diagnosable cluster of organ-
isms within which there is a parental pattern of ancestry
and descent’. The notion of ancestry under such a sys-
tem is not directly related to reproductive isolation. The
relatively small number of studies that have attempted
revisions of specific groups in birds under a Phylogenetic
Species Concept (hereafter PSC) have rarely found that
even a majority of named subspecies warrant recognition.
In a recent revision of a polytypic species, Xiphorhynchus
elegans, Raposo and Hofling (2003) considered just two
of five currently recognised subspecies to represent phy-
logenetic species, whilst in a similar revision of the entire
genus Xiphorhynchus, Raposo (2001) treated just 20% of
named subspecies as phylogenetic species, considering
the remainder of available names to represent examples of
individual or minor geographic variation. A similar case is
presented by the Spot-backed Puftbird Nystalus maculatus,
wherein the form N. m. striatipectus met the requirements
of species rank under the PSC, but V. m. parvirostris and
N. m. pallidigula were treated as insignificant geographi-
cal variants (Silva 1991). In this respect, it is clearly that
not so that subspecies and phylogenetics species can be
regarded as virtually synonymous, as affirmed for Remsen
(2005). Affirmations of this type, in addition to lacking
any solid basis, discourage the revision of specific com-
plexes and, consequently, contribute to continued the
obfuscation of biogeographical patterns.

On the other hand, some past authors described as
subspecies geographically well-defined forms, which today

are being increasingly treated specifically, regardless of the
species concept employed. It is reasonable to admit under
the perspective of the Biological Species Concept (sernsu
Mayr and Ahshlock 1991) that diagnostic and allopatric
forms should be treated as separate species, despite any
lack of indubitable evidence for reproductive isolation.

An example of this is the present case. Tangara cya-
nomelaena merits specific status based on its diagnosably
different and unique plumage. It is noteworthy that Hell-
mayr (1936), who considered 77 cyanomelaena a subspe-
cies of 7. velia, nonetheless commented on its distinction
from other subspecies ‘Tanagrella velia cyanomelaena
(Wied), though readily distinguished from the preceding
Jforms by the pale bluish gray coloration of the breast and
sides...”. Our results also corroborate the observation by
Ridgely and Tudor (1989) concerning the distinctiveness
and possible specific status of 7. cyanomelaena.

A recent phylogeny of the genus 7angara recognised
the Opal-crowned Tanager 7. callophrys as the sister-spe-
cies of T. velia (Burns and Naoki 2004). Genetic mate-
rial for 7" velia was only available from Amazonia (dpto.
Pando, Bolivia, and Rondénia, Brazil), thus leaving the
position of 7. cyanomelaena within the genus unknown.
Even though 7. callophrys is also very similar to 7. velia
at least in plumage characters (Sick 1997), it cannot be
eliminated that the more radically different 7. cyanome-
laena is also sister to 1. velia.

We have also found some morphological variation
in 7 velia complex (which never approaches 7. cyanome-
laena in its plumage), suggesting the need for a revision
of Amazonian populations. The population of 7 velia
in the Guianan Shield is plainly diagnosable compared
to those from the rio Negro and south of the Amazon.
Specimens from Amapd (MNR] 29900 and 29902;
T v. velia) have the flanks and wing and tail-coverts deep
blue and the face greenish blue, unlike those from the
rios Negro and Tapajés (7. v. iridina, which has priority,
and 7 v signata) which have the face, wing-coverts and
flanks violet. At one locality (Carabobo, on the upper
rio Cuyuni), in Bolivar state, south-east Venezuela, three
of the four available specimens show all of the relevant
characters of 7. v. velia, but there is also a male (COP
46683) which appears to have all the characteristics of the
1" v. iridina morphotype, namely its lack of any trace of
greenish elements in the blue parts of the plumage, which
are all more brilliantly coloured, with the rump patch be-
ing brighter straw yellow. Furthermore, the black of the
upperparts is more solid, deeper, and less brownish, and
the cinnamon on the underparts is also more character-
istic of 7 v. iridina (though this is individually variable
in extent), being much deeper (more saturated). Future
studies of the taxonomy and validity of 7. v. iridina will
require more specimens from the headwaters of the rios
Amazonas and Negro, as well as a detailed analysis of the
group’s nomenclature.
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APPENDIX

Material utilised by this study. For museum acronyms see Material and methods.

Tangara v. velia Colombia — Nova Granada: (unsexed, MZUSP 2130). Brazil — Roraima: Isabel (2, MNR] 12129); km 4
north of Rio Cachorro (&, MZUSP 73480); Mucajai, Col6nia do Apiat (¥, MPEG 46249; &', MPEG 46248). Amap4:
Serra do Navio (&, MNR]J 29900, 29902).

Tangara v. iridina Brazil — Amazonas: Inambu, right bank of the upper rio Negro (&, MNR] 37878); Lago, Tarumazinho
(&, MZUSP 62115); Manaus, Reserva Ducke (&', MPEG 30368, 30369); rio Javari, border with Ecuador (&, MPEG
17157, 17158; unsexed, MPEG 17156); rio Solimées, right bank at Caitat, Uard (9, MPEG 50196; & MPEG 50194,
50195).

Tangara. v. signata Brazil — Pard: upper rio Cururg, tributary of the rio Tapajés (&, MZUSP 42846); Benevides, km 15
on the Belém-Mosqueiro road (2, MPEG 25099); Benevides, Retiro Nazaré, Baia do Sol (&', MPEG 22163); Capim, be-
tween km 93 and 107 on the Belém-Brasilia road (unsexed, MZUSP 45866, 45869; @, MZUSP 45859, 45860, 45871;
4, MZUSP 45857, 45858, 45861-65, 45867, 45868, 45870); Murutud (3, MNRJ 9809); Itaituba, rio Tapajoés &,
MPEG 15054); Tanaquara, Belém (&, MPEG 11245, &, MPEG 11246, 11500); Utinga, Belém (%, MZUSP 36045;
&, MZUSP 36042-44); Vila Braga, rio Tapajés (&, MNR]J 12130). Rondénia: Cachoeira Nazaré, west bank of the rio Ji-
parand (&, MPEG 40294); Guajard-Mirim, rio Mamoré (&, MPEG 23053, 23054).

Tangara cyanomelaena Brazil — Pernambuco: no locality (unsexed, UFPE 2884; &, UFPE 1824); Usina Sio José, Iga-
rassti (2, MNRJ 24757; unsexed, MNR] 24758). Alagoas: no locality (@, UFPE 3.233; d, UFPE 3183, 3232, 3278).
Bahia: 17 km west of Valenca (&, DZUFMG 1888); Belmonte (&', MZUSP 10326); Ilhéus (2, MZUSP 33787, MNR]
27988; &, MNR]J 22325); no locality (unsexed, MPEG 36671, 36672, MZUSP 3.044); Itabuna (©, MZUSP 11.904,
10.327; &, MZUSP 10.116, 10.325); Itajuipe (unsexed, MPEG 30494). Espirito Santo: no locality (9, MZUSP 6.243;
4, MZUSP 6.242, 6.244); Cupido (unsexed, MNR]J 26973); north of Sio José (9, MNR] 26996; &', MNR] 2500); Li-
nhares (unsexed, MNRJ 26975); Pau Gigante municipality (&, MZUSP 24658, 33785, 33786, MNR] 19944; unsexed,
MNR] 19921); rio Sdo José (2, MZUSP 28232; &, MZUSP 28231).
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