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Diagnoses of hybrid hummingbirds (Aves: Trochilidae). 9.
Confirmation of the hybrid origin of Coeligena purpurea Gould, 1854

Gary R. Graves

Decpartment of Vertebrate Zoology, National Museum of Natural History, Smithsonian Institution,
Washington, D.C. 20560, U.S.A.

Abstract.—Coeligena purpurea Gould, 1854 is shown to be a hybrid be-
tween Coeligena coeligena and Coeligena prunellei. The geographic distribu-
tion of the parental species suggests that the two hybrid specimens were col-
lected in the Eastern Cordillera of the Colombian Andes. The hybrids exhibit
a blended mosaic of plumage characters of the postulated parental species.
External measurements of the hybrids fall within the cumulative ranges of

characters of the parental species.

The taxonomic validity of Coeligena
purpurea Gould 1854, supposedly from the
vicinity of Poyayédn, Colombia, was first
questioned by Elliot (1876:60):

“Two specimens of this form are in Mo Gould's
collection, na others being known to exist. The
characters these examples present are not sufficient-
ly satisfactory to entitle them to an independent spe-
cific rank without piving rise to great doubts re-
garding the propriety of such an acknowledgment.
... until we have further evidence that will substan-
tiate its claim to a distinctive rank, L. purpurea can-
not but hold a very doubtful position among the
species of this group.”

Elliot (1878) later opined that C. purpurea
represented a melanistic variant of C. wil-
soni, a species restricted to the Pacific slope
of the Andes in Colombia and northwestcrn
Ecuador. Subsequent catalogs have listed it
several ways—as a valid species (Salvin
1892, Cory 1918, Simon 1921), an imma-
ture male of C. prunellei (Boucard 1893),
or as a hybrid, C. coeligena X C. prunellei
(Berlioz 1936; Peters 1945; Meyer de
Schauensee 1949, 1966). Schuchmann
(1999) ambiguously concluded that C. pur-
purea was either a dark variety of C. wil-
soni or a hybrid between C. coeligena and
C. prunellei. Not surprisingly, none of the
aforementioned treatments provided docu-
mentation or evidence in support of taxo-

nomic conclusions. Here 1 confirm the hy-
brid origin of Coeligena purpurea, employ-
ing the methods and assumptions of Graves
(1990) and Graves & Zusi (1990) as mod-
ifted by insights on plumage color aberra-
tions associated with hybridization (Graves
1996, 1998, 1999).

Methods

The type (BMNH 1888.7.25.165, listed
as “syntype” by Warren 1966) and a sec-
ond specimen (uncataloged until recently,
BMNH 2000.1.9) of Coeligena purpurea
were obtained by The Natural History Mu-
seum, Tring (formerly British Museum of
Natural History) as part of the Gould Col-
lection. 1 compared these specimens (Figs.
I, 2) with all species in the subfamily Tro-
chilinae, the typical hummingbirds (Zusi &
Bentz 1982, Sibley & Monroe 1990, Blei-
weiss et al. 1997), in that museum. Both
spccimens appear to be adult males in de-
finitive plumage as judged by the absence
of striations on the maxillary ramphotheca,
the presence of iridescence on the crown
and back. and a moderately forked tail (fork
depth in type = 12.1 mm). Unless other-
wise noted, subsequent descriptions in this
paper refer to definitive male plumage. I
discovered no evidence that C. purpurea



VOLUME |14, NUMBER 1

Fg. L.

Laterad views of males in definitive plumage {top to bottom): Coeligena pruncelief, C. cocligena

colombiana X C. pruneflei, BMNH 2000.1.9; C. coeligena colombiana % C. prunellei. BMNH 88.7.25.165
(type of Coeligena purpurea Gould, 1854); and C. coeligena colombinna.

represented a subdefinitive plumage, aber-
rant color morph, or geographie variant of
any known taxon (see Results and Discus-
sion). In assessing the possibility of hybrid-
ization, 1 considered all species in the genus
Coeligena (coeligena, wilsoni, pruncllei,
torquata, phalerata, eos, bonapartei, he-
tianthea, lutetiae; taxonomy of Schuch-
mann 1999) that occur in Colombia and Ee-
uwador (Hilty & Brown 1986, Fjeldsd &
Krabbe 1990, Krabbe et al. 1992) as poten-
tial parental species.

Measurements were taken with digital
calipers and rounded to the nearest 0.1 mm:
wing chord; bill length (from anterior ex-
tension of feathers); and reetrix length
(from point of insertion of the ecentral rec-
trices to the tip of each rectrix). Pairs of
rectrices are numbered from the innermost
(R1) to the outermost (RS5).

General eolor deseriptions presented in
Appendix 1 were made under natural light.
I evaluated the eolor of the erown, center
of baeck, and dorsal surface of rectrix 4 with
a calibrated eolorimeter (CR-221 Chroma
Meter, Minolta Corporation) equipped with
a 3.0 mm aperture. The measuring head of
the CR-221 uses 45° circumferential illu-
mination. Light from the pulsed xenon arc
tamp is projected onto the specimen surface
by optieal fibers arranged in a cirele around
the measurement axis to provide diffuse,
even lighting over the measuring area. Only
light refleeted perpendicular to the speci-
men surface is eollected for color analysis.
Colorimetrie data from indeseent feathers
are acutely dependent on the angle of mea-
surement, the curvature of plumage surfac-
es in museum skins, and the degree of pres-
sure applied to the plumage surface by the
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Fig. 2
eolombiana X C. prmelfel, BMNH 2000.1.9; €

Veatral views of males in definitive plumage (top 10 bouemy: Coeligena pruneliei. C
cogligena cofombicna * C, prunelfel, BMNH 88,725,165

cocligena

{type of Coefigena purpurea Gould, 1854); and C. coeligena colombiana.

Chroma Meter aperture. In order to reduce
measurement variation, 1 held the aperture
flush with the plumage surface without de-
pressing it. The defuult setting for the CR-
221 Chroma Meter displays mean values
derived from three sequential, in situ mea-
surements. | repeated this procedure three
times for each area of plumage, removing
the aperture between trials. Each datum
summarized in Table 2 thus represents the
mean of three independent measurements.

Colorimetric characters were described in
terms of opponrent-color coordinates (L, a,
h) (Hunter & Harold 1987). This system is
based on the hypothesis that signals from
the cone receptors in the human eye are
coded by the brain as light-dark (L), red-

green (@), and yellow-blue (b). The ratio-
nale is that a color cannot be perceived as
red and green or yellow and blue at the
same time. Therefore ‘‘redness™ and
“greenness’ can be expressed as a single
value @, which 1s coded as positive 1f the
color is red and negative if the color is
green. Likewise, “yellowness™ or “blue-
ness” is expressed by b for yellows and — &
for blues. The third coordinate, L, ranging
from O to 100, describes the *lightness™ of
color: low values are dark. high values are
tight. The more light reflected from the
plumage, the higher the L value will be. Vi-
sual systems in hummingbirds (e.g.. Gold-
smith & Goldsmith 1979) diifer signifi-
cantly from those of hamans. The relevance
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Fig. 3. Bivarate plots of measurements (see Table 1) of males in definitive plumage: Coeligena prunctiei

(O): €. coeligena colombiana (A): and putative hybrids { # ), C coeligena colombiana X C. pruneflei (BMNH

2000.1.9; BMNH 88.7.25.165).
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Fig. 4. Bivariate relationships of factor scores (see Table 3) from a principal components analysis of crown
and breast color (L, a. b) of males in definitive plumage: Coclizena pruneitei (O). C. coeligena colombiana
(4); and putative hybrids (). C. coeligena colombiana % C. prunelici (BMNH 2000.1.9; BMNH 88.7.25.165).

of opponent color coordinates to colors per-
ceived by hummingbirds is unknown.

I used principal compenents analysis
(PCA) on untransformed colorimetric vari-
ables to reduce the dimensionality of data.
Unrotated principal components were €x-

tracted from correlation matrices (Wilkin-
son 1989). Factor scores were projected on
bivariate plots to illustrate the relationship
of plumage color variables in postulated hy-
brids and parental species. Scatter plots of
mensural characters and least squares re-
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Table l.—Ranges (mean * standard deviation) of measurements fmm} of adult males of Coeligena prunellei.
C. coefigena colombiana, and 1wo specimens of # prohable hybrid, C. ¢, eolombiana X C. pruneltei (= Coeligena
purpurea Gould; type. BMNH [888.7.25.165 und BMNH 2000.1.9).

Coeligena

Coeligena

pruncliet voeligena colombinea
n = 9 (n=8) HMNH 1888 7.25 168 BMNH 200019
Wing chord 74.7-80.6 71.2-77.3 76.8 78.3
(7 == ) (74.0 = 2.1)
Bill length 25,8-28.0 26.6-29.3 28.7 29.0
(26,9 *+ 0.7) (27.8 = L.O)
Rectrix | 36.5-40.2 36.0-38.8 38.0 39.0
(384 = 1.2) (374 = 1.hH
Rectrix 2 40.9-44.8 3994144 429 412.1
(42.8 = 1.9 (42.1 = 1.6}
Rectrix 3 44.3-48.0 43.6-47.8 16.9 45.8
{464 = 1.8y (454 = 1.5)
Rectrix 4 45.8-500.4 46, 1-50.1 48.2 —
{:48.4 + 1.6) (48.3 £ 1.5)
Rectrix 3 45.8-51.9 47.1-51.3 50.1
(494 = 2.0n {49.6 = 1.7)

gression lines were used to illustrate size
differences among specimens.

Results and Discussion

1 considered four hypotheses proposed
by previous authors: Coeligena purpurea
represents (a) a melanistic plumage of C.
wilsoni; {b) a subdefinitive plumage of C.
prunellei, (c) an intrageneric hybrid; or (d)
a valid species. For brevity [ use the epithet.
pirparea, in the remainder of the paper.

Melanistic plumage of Coeligena wil-

Tuble 2.

soni?—The hypothesis of melanism (Elliot
1878) is contradicted by the fact that C. wii-
soni and purpurea differ in external mea-
surements (unpublished data). Both sexes
of C. wilsoni have significantly shorter
wings but marginally longer bills than pur-
purea. Additionally, the length of rectrix 5
of the type of purpurea exceeds the maxi-
mal values observed in C. wilsoni.
Subdefinitive plumage of Coeligena pru-
nellei?—As previously noted, both speci-
mens of purpurea appear to be in definitive

-Maxima, minitna, and means (* standard deviation) af oppoacnt color coordinates (L, . b) ol

crown, breast and recrix of adult males of Coeligena prunellel, C. coeligena colombiana, and two specimens
of a probable hybrid. C. c. colombiana X C. prunellei (= Coeligena purpurea Gould: type. BMNH

1888.7.25.165 and BMNH 2(0XX).1.9).

Covligena pruncllet

Cortigena covligena colombrana

{n=9 {n = R}
BMNH BMNH
Varrabhes Min. Max Mean (2 SH) Mim, Max. Mean (= SD) HK.7.25.165 200019
/L 13.1 18.9 16.4(+ 1.7) 201 2556, 234(% 1.6) 19.0 15.4
Crown a =l 2:6 0.7(x LLS§) Bi5 GH) 4.7(+0.8) iy ] 4.6
b 2.1 5% 4.0 1.0y 50 16.7 12,1 (£3.8) 33 3.5
/i 173 20.3 15.4{x 3.4 370 46.9 41.7 (36 31.9 238
Breast 2] 1.6 4.2 3.0(= 0.8) 2.4 34 30(=03) 3.6 4.3
& 2.0 6.4 3.7 (£ 17D 9.2 12.2 10.8(* 1.0y 33 7.8
L 72 1.6 9.6(x L.5) 18,4 24.0 2.2 1B 13.1 129
Rectrix a 318 38 36(+02) 5.4 58 S$.7.6E.0:2) 5.0 501
b 2.1 3.8 31 (*+0.5) LG, 18.3 16.0 (> 1.8) 3.6 9.3
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Tuble 3 —TFactor loadings from a principal components analysis (PCA) of erown and breast color (L, a. b)
of Coeligena prunellei, C. coeligena colombiana, and hybrids, C. coeligena colombiana X C. prunellei (BMNH

2000.1.9;: BMNH 88.7.25.165).

Vanables PCA | PUA Y PCA 3
Crown L (dark/tight) 1.96 —0.t4 -0.15
a (redfgreen) (1.48 013 0.35
b (yellow/blue) (.89 —{.23 -0.32
Breast L (dark/light) 0.95 -(LO8 .03
o {redfgreen) .01 0.98 —0.17
b (veltow/bluc) 091 0.31 0.09
Percent variance explained 70.4% 19.2% 4.7%

plumage. Specimens of C. prunellei in de-
finitive and subdefinitive plumages differ in
numerous ways from purpurea (see Appen-
dix 1).

Hybrid?—Bccause hybrids lack formal
standing in zoological nomenclature, hy-
bridity must be ruled out before specics sta-
tus is conferred. In this instance, the evi-
dence is consistent with the hypothcsis that
purpnrea represcnts an intragencric hybrid,
Coeligena cocligena X C. prunellei (Ber-
lioz 1936). Several characters of purpurea
facilitate the identification of its parental
species: (a) throat feathers conspicuously
margined with pale buffy-white; (b) ellip-
tical white spots on both sides of the upper
breast; {¢) unmarked rectrices; (d) absence
of rufous or buff pigmentation on the sec-
ondarics; (e) absence of a brilliant frontiet
or coronal paich; and (f) the absence of
strong indescence on the tower breast and
belly (see Appendix I).

Here I present a synopsis of the critical
steps of the hybrid diagnosis. The pool of
potential parental species may be quickly
narrowed by focusing on the scalloped pat-
tern of chin and throat teathers of purpurea.
Among the potential parental specics, this
character is shared only by C. coeligena.
The whitc brcast spots of purpurea were
inherited from the other parental species.
Three species in the source pool either have
white breast spots (C. wilsoni, C. prunellei)
or a white pectoral band (C. torguata). Coe-
ligena torquata can be eliminated from fur-
ther consideration because its rectrices (1—

4) are predominately white (rectrices are
dark and unmarked in purpurea). Only one
of the two remaining pairs of species (C.
coeligena X C. prunellei) could have con-
tributed the unique combination of charac-
ters exhibited by purpurea (Appendix).
The hybrid diagnosis focuses on the
identification of apomorphic character
states in putative hybnds (Graves 1990).
Complete dominance and polygenic inher-
itance of plumage characters, however, may
preclude or obscurc the expression of pa-
rental apomorphics in hybrids. When paren-
tal apomorphies are not identifiable, the
parentage of a hybrid may be indicated, al-
though less conclusively, by the presence or
absence of a suite of plesiomorphic char-
acters. In this case, rejection of taxa whose
prominent plesiomorphic characters were
not identified (even as traces) in purpurea
reduces the species pool to the saume couplet
of species that sharc apomorphic characters
with purpurea. For example, hybridization
of C. wilsoni and C. coeligena would likely
produce offspring with plumage that is sig-
nificantly less melanized than that of pur-
purea. In a similar fashion, Coeligena cos
(brilliant frontlet, cinnamon secoundaries
and rectrices, brilliant iridescence on lower
breast), C. bonapartei (brilhant frontlet,
brilliant indescence on lower breast), C. he-
lianthea (brilliant frontlet, brilliant irides-
cence on lower breast), C. phalerata (bril-
liant frontlet, completely white rectrices),
and C. lutetiae (brilliant frontlet, buff sec-
ondaries) are exceedingly unlikely to be pa-
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rental species because they possess a com-
bination of characters not observed in pur-
irea.

External measurements.—As 3 second
step, the restrictive hypothesis was tested
with an analysis of size and external pro-
portions (Table 1. Fig. 3). Measurements of
avian hybrids fall within the mensural rang-
es exhibited by their parental species as a
consequence of a polygenic mode of inher-
itunce (see Buckley 1982). External mea-
surements of adult male Coeligena coeli-
gena and C. pruneliei overlap and the per-
cent difference in characier means is small
(barger species divided by smaller): wing
chord (5.0%), bl length (3.3%), rectrix |
(2.7%); rectrix 2 (1.7%), rectrix 3 {2.2%),
rectrix 4 (0.2%), and rectrix 5 (0.4%). Nev-
ertheless, measurements of prrpurea fall
within the cumulative ranges of measure-
ments of the postulated parental species,
and. in many cases, approximate the values
predicied by least squares regression (Fig,
B).

Colorimetric measurement.—Colorimet-
ric values of purpurea fall within the range
of values exhibited by the postulated paren-
tal species. The intermediate appearance of
prrpurea is neatly summarized by bivariale
plots of factor scores from a principal com-
ponents analysis (Fig. 4, Table 3) of crown
and breast color. In particular, factor scores
for purpurea are bracketed by those of Coe-
ligena coeligena and C. pruneliei along
PCA 1, which explains 70.4% of the vari-
ance in color among specimens,

In summary, evidence obtained from
plumage color and pattern. as well as from
external size and shape, is consistent with
the hypothesis that Coeligena purpured is
an intrageneric hybrid between Coeligena
coeligena and Coeligena prunellei. Coeli-
gena purprea Gould, 1854 is thus avail-
able in taxonomy only for the purposes of
homonymy.

Geagraphic origin.—As noted by Gould
{1854; opposite plate 256), the geographic
ongin of Coeligena purpurea is indetermi-
nate: I have lately received from M. Par-

zudaki, of Paris, a fine specimen of this
bird, which T believe 1o be from the neigh-
bourhood of Popayan; a second example
forms part of the coliection of Edward Wil-
son, Esq., und is said to have been killed in
Peru.” | suspect both specimens were col-
lected in the Eastern Cordillera of the Co-
lombian Andes for the simple reason that
one of its parental species, Coeligena pru-
nellei, is restricted to this region (Hilty &
Brown 1986, Colar el al. 1992). Collar et
al.’s {1990) report of a single specimen of
C. prunellei from the Central Cordillera at
Salento, Department of Quindio, is uncon-
firmed. Coeligena prunellei (—1400--2600
m elevation) and Coeligena coeligena co-
lombiana {(1500-2600 m) overlap geo-
graphically in humid montane forest in the
Departiment of Cundinamarca (Snow &
Snow [980, Hilty & Brown 1986, Fjeldsi
& Krabbe 1990, Collar et al. 1992).
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Appendix |

Comparative description of selected characters of
adult male Coeligena prunellei, C. voeligena colom-
biana, and two specimens of a prohuble hybnd, C
coeligena colombiana X C. prunellei (= Coeligena
purpurea Gould: type, BMNH 1888.7.25.165: BMNH
2000.1.9). Unless noted otherwise, descriptions of pur-
purea refer to the type (BMNH 1888.7.25,165).

Viewed “head-on,” the dorsum of prunellei is matte
hlack. When viewed from a “wail-on™ position. the
dorsum exhibits weak iridescence, which varies in col-
or from silvery-green on the forecrown and crown, to
dark purple on the hindneck and mantle, to coppery-
purple on the upper back, and bronze-green on the
lower back and rump. The lesser wing coverts are ir-
idescent steel blue. The median wing coverts and pni-
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mary coverts are tipped with dark purple. Upper ail
coverts are black laintly tinted with purple iridescence.

The dorsum of coeligena, which generally can be
charactenized as dark olive-bronze, exhihits weak
hronze 10 coppery-hronze iridescence when viewed
head-on. Exposed portions of dorsal feathers, all of
which are narrowly or broadly tipped with rufous
barbs, vary in color from bronze on the farccrown to
coppery-bronze on the wing covens, scapulurs, and
mantle, (o olive-bronze or green on the back and rump.
The imbrication of rulous-tipped feathers produces a
suhtly banded appearance on the back and rump. When
viewed tail-on, the antertor dorsal plumage emits a dull
golden-bronze indescence which shifts to brighter hlu-
1sh-green on the back and rump. The upper il coverts
are dark olive-bronze, narrowly edged with rufous.

The darsum of purpyrea s nearly intermediaie in
appearance between that of prunellei and coeligena.
Crown, nupe. and mantle arc black. faintly tinted with
brownish-purple; feathers are narrowly fringed with
rufescent barbs. Purplish and coppery iridescence ap-
pears on the upper back. Viewed head-on, the fore-
crown of the type ol purpurea exhibits a very faint
purple iridescence, much less pronounced than in prue-
aellei. The second specimen ol purpurea {(BMNH
2000.1.%) differs from the type in exhibiling a more
intense iridescence (purple) on the crown and hind-
neck. Feathers on the rump are subtly banded, hist sig-
nificantly darker, than in ceeligena: dark neutral gray-
ish-brown bhasally, bordered distully by an iridescent
band which changes spectrally toward the Hp from dull
coppery red through gold to green. The terminal barbs
are tipped with rufescent burbs. The extent of green
iridlescence increases posteriorly from the lower back
to the rump. Viewed tail-on, the mantle and hack emits
weak coppery-purple iridescence, shifting to golden-
bronze on the lower back and rump. The upper tail
coverts are dark purplish-brown (samc color as crown),
nurrowly tipped with rufous,

Wing covents and flight feathers of purpureda ave in-
termediate in color and degrec of melanism to those
of coeligena and pranelici. The lesser wing coverts of
purpureq are dark indescent purple, whereas the mar-
gins of the adjacent upper scapulars are dark coppery-
purplc. Posterior scapulars are handed as in the middie
back. Margins of the median wing covents, primary
coverts, and covents it the bend of the wing arc dark
purple (darker than lesser wing coverts). Tiny coverls
al the edge of the wing (best seen by raising the wing
slightly) are tipped with chestnut. Greater wing caverts
are¢ dark bronzy purplish-brown. Flight feathers arc
dull hlack, tinted with purplish-brown. Outer vane of
outermost primary is huff proximally, gradually dark-
ening roward the 1ip 10 dark brown (similar to pruneiiei
and coeligena). Underwing coverts dark brownish-
hlack, intermediate between prunellei and coeligena.

Auriculars of cocligena are brown with some buffy-

white barbs. Feathers of the chin, throat, malar region,
and upper hreast are scalloped: feathers are hrownish-
hlack with wide pale margins, cither white or white
faintly tinted with grayish-buff. Feathers of the lower
breast, lanks, and abdomen are hronze to dark brown,
paler and grayer toward the midline. Undenail covens
are dark hrown, broadly edged with bulf,

Auriculars, throat and upper hreast ol prunellei are
hlack. Feathers of the central throut are tipped with
brilliant steel hlue to light purple uisks, forming a gor-
get. An elliptical white patch occurs at the side of
breast anterior 10 the bend of the wing in muscum
skins. The lower breast. flanks, and belly are hlack.
less lustrous near the midline. The undertail covens
are black, broadly margined with whiie.

The ventral plumage of purpurea is nearly inter-
mediale 10 that of eovligena and prinellei. FFeathers of
the chin, uuricular margins, and thraat are dark brown-
ish-black {margined on the lower chin, throat, and ma-
lar arca with pule buffy-white. When viewed head-on,
the dark subterminal disks of the central throat emit a
dull purple iridescence—irideseence was not observed
at other angles of inspection. Tn prunetle:, the exposed
portions of the longest feathers that composc the white
shoulder patel are silky white thronghout their length.
The shoulder patch of purpurea is similar to that of
prunellel, but the marginy are less well defined. the
feathers less ustrous, narrowly to broadly fringed with
dark brownish-black (same color as rest of ventsul
plumage). The breust, Aanks, and abdomen of purpn
rea are dark brownish-black. with scattered buft or
brown barb tips, especially along the madline. The un.
dertail coverts are almost perfectly termediate in col-
or between those of prunellei and coeligena. The den-
sity of welanin in the central fanceolate spat inereases
with coven size. A couple ol very shont coveris are
mostly bisff (with dark brownish-black hases). Feather
margins become progressively paler with increasing
feather size. buffy to rufous in short Teathers, very pale
buffy-white in the longest feather. The sccond speci-
men of purpureda differs from the type in having the
smaller underail coverts mare extensively fringed with
huff and rufescent. The tihial pluimes arc dark brown-
ish-black, tipped with brown barhs.

The unmarked rectrices of purperea are intermedi-
ate in color and intensity of irtdescence hetween those
of primellei (black, faintly tinted with purple) and coe-
ligena (hronze or olive-hronze).

Feet and tarsi of primellei are pale brownish-yellow
(rose red in life, Hilty & Brown 1986), the claws are
dark brown, but, on occasion. may be yellow. The feet
and tarsi of cocligena are light brown with dark brown
scutes. whereas the claws are dark brown. The feet and
tarsi of purpurea are yellowish brown with medium
brown scutes (¢laws hrown). The maxillary ramphoth-
eca 1s hlack n prunellei, coeligenu, and purpurea. The
mandibular ramphotheca is black in prosellei, medivm
brown in coeligena, and hrownish-hlack in purpurea.



