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AGE-BASED PLUMAGE CHANGES IN THE LANCE-TAILED MANAKIN: A TWO-YEAR
DELAY IN PLUMAGE MATURATION

EmiLy H. DuVaL?

Museum of Vertebrate Zoology, University of California, Berkeley, 3101 Valley Life Sciences Building,
Berkeley, CA 94720

Abstract. | investigated the relationship of plumage
to age and sex in the Lance-tailed Manakin (Pipridae,
Chiroxiphia lanceolata) in the lowlands of western
Panama from 1999-2004. | captured birdsin mist nets,
categorized their plumages, examined them for molt,
and followed them for several years to document
plumage changes. Male Lance-tailed Manakins exhib-
ited three distinct postjuvenal plumages. Males
achieved definitive adult plumage through sequential
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1 Present address: Max Planck Institute for Orni-
thology, Postfach 1564, Haus Nr. 5, D-82319 Seewie-
sen, Germany. E-mail: ehduva @orn.mpg.de

changes that occurred in the same order as in other
Chiroxiphia manakins. Definitive male plumage de-
veloped over the same time span as reported for C.
caudata but one year faster than C. linearis. Juvenal
male plumage was similar to that of females, and 5%
of 226 females had plumage similar to formative male
plumage. Genetic sexing verified that changes ob-
served late in the formative male plumage unambigu-
oudly identified sex and age of individual birds. This
information can be used in behavioral studies to iden-
tify the age of male Lance-tailed Manakins captured
in any of the predefinitive plumage stages.

Key words. Chiroxiphia, delayed plumage matu-
ration, Lance-tailed Manakin, Panama, plumage de-
vel opment.
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Cambios de Plumaje Relacionados con la Edad
en Chiroxiphia lanceolata: Dos Afios de
Demora en la Maduracion del Plumaje

Resumen. Investigué la relacion entre el plumaje,
laedad y el sexo en Chiroxiphia lanceolata (Pipridae)
en el oeste de Panama entre 1999 y 2004. Capturé aves
con redes, clasifiqué sus plumajes, examiné la muda
del plumaje y los observé durante algunos afios para
documentar cambios en su plumaje. Los machos pre-
sentaron tres plumajes post-juveniles distintos. Los
machos alcanzan el plumaje definitivo adulto mediante
cambios secuenciales que ocurren en € mismo orden
en otros saltarines del género Chiroxiphia. El plumaje
definitivo se desarroll6 en el mismo tiempo que en C.
caudata, pero un aflo mas rapido que en C. linearis.
El plumaje de los machos juveniles fue similar a de
las hembras, y el 5% de 226 hembras present6d un plu-
maje parecido a plumaje formativo de los machos. Por
medio de anélisis genéticos de identificacion de sexos,
verifiqué que los cambios tardios observados en el plu-
maje formativo de los machos permitieron identificar
€l sexo y la edad de los individuos sin ambigliedades.
Esta informacion puede ser usada en estudios de com-
portamiento para identificar la edad de |os machos con
cualquier plumaje predefinitivo.

The Lance-tailed Manakin (Chiroxiphia lanceolata) is
a small (15.5-22 g), mostly frugivorous passerine in
the family Pipridae. This species inhabits lowland for-
ests of southwestern Costa Rica, western Panama,
northeastern Columbia, and northern Venezuela and is
notable for the elaborate cooperative lek displays of
males (Wetmore 1972, Ridgely and Tudor 1994). Like
the majority of manakin species, C. lanceolata are sex-
ualy dimorphic. Adult males have a definitive mae
plumage of black body feathers with grayish-black
rump, blue upper back, and a bright red cap of long
narrow feathers. Females are olive-green with paler
ventral regions, and some adult females have red or
orange crest feathers (Wetmore 1972). Both sexes have
bright orange legs, and dark brown or reddish-brown
irises, and central rectrices that extend 5-18 mm be-
yond the length of the other tail feathers.

Young males pass through multiple predefinitive
plumages before attaining their definitive adult plumage,
but the number of years required for plumage matura-
tion and the reliability of predefinitive plumages in in-
dicating age and sex of individuas is unknown. Re-
search in other Chiroxiphia manakins has demonstrated
that the time required for plumage maturation varies
across species (Foster 1981, McDonald 1993a). Fur-
thermore, the difficulty of distinguishing young males
from femaes has complicated the interpretation of
dance displays in which birds that appear to be young
males behave like females, or vice versa (Snow 1963,
Foster 1981). Here, | describe the complete sequence of
plumage changes with age in the Lance-tailed Manakin
based on repeated captures of banded individuas over
six years. This study is the first to use genetic sexing
and recaptures of known-age individuals banded in the
nest to confirm the relationship of age and sex to plu-
mage aspect in a Chiroxiphia manakin.

METHODS

This study was conducted in a 46-ha area of secondary
growth, dry tropical forest on Isla Boca Bravain Chi-
riqui Province, Republic of Panama (8°12'N,
82°12'W). Postfledging Lance-tailed Manakins were
captured using mist nets and individually marked with
a numbered aluminum and three colored plastic leg
bands. All captured individuals were weighed, mea-
sured (tarsus length, unflattened wing chord length,
nare to tip of bill, length and width of relaxed crest,
tail length, and extension of the longer of the two cen-
tral rectrices past the main tail), and scored for breed-
ing condition (brood patch or cloacal protuberance).
Plumage was categorized based on the color and mor-
phology of crest feathers; presence and extent of black
feathers on head, body, wings, and tail; presence and
extent of blue feathers on back; and location and extent
of growing, sheathed feathers indicative of molt. Lim-
ited, asymmetric feather replacement was considered
to be adventitious and not part of a molt cycle. Be-
tween 1999 and 2004, 457 postfledging individuals
were captured on the study site during a total of 2155
mist-net hours (one 12-m net open for one hour). Cap-
tures occurred between March and July, a time period
that includes the peak of breeding activity at this site
(EHD, unpubl. data). An additional 132 individuals
were banded as nestlings.

TERMINOLOGY

Molt and plumage terminology follow Humphrey and
Parkes (1959) as modified by Howell et al. (2003),
with genus-specific classifications analogous to those
of McDonald (1993a). | use the term * predefinitive”
rather than *“ subadult” to denote postjuvena plumages
that change with age, as | have no data on the repro-
ductive competence of young males (Humphrey and
Parkes 1959, Foster 1987). Age classes follow Pyle
(1997), such that a second-year (SY) bird isin its sec-
ond calendar year (1 January of the year following
fledging through 31 December of the same year). Only
physical captures of individuals were considered in
constructing the plumage maturation order, as inter-
mediate plumage stages can appear similar when
viewed through binoculars under some light condi-
tions. Molt generally began toward the end of the
breeding season, so that a male in one subadult plu-
mage during the breeding season of its second year
would molt into the next plumage (which it maintained
through the breeding season of its third year) while
still a second-year bird. Because | observed plumage
primarily in the breeding season, | describe plumage-
linked age classes as they are observed during the
breeding season.

GENETIC SEXING

Because some females have plumage characteristics
similar to those of young males, females were identi-
fied by the presence of a brood patch or were sexed
using molecular techniques. All individuals that had
no brood patch when captured in sexually ambiguous
plumages were genetically sexed. Individuals captured
with black facial plumage or more extensive mae
plumage characters were assumed to be male, and this
was confirmed by genetically sexing 47 individualsin
different male plumage categories. DNA was extracted
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seasons in this study were conducted.

from whole blood preserved in Longmire’s blood buff-
er solution (Longmire et a. 1988), and sex was deter-
mined from a PCR reaction that amplifies the CHD
genes on the W and Z chromosomes using primers P2
and P8 (Griffiths et a. 1998). Reaction conditions were
as described in Griffiths et a. (1998), using an an-
nealing temperature of 56°C. PCR products were sep-
arated by electrophoresis on a 2% agarose gel and
stained with ethidium bromide.

STATISTICAL ANALYSES

Measurements for individuals captured more than once
in the same year were averaged, and each male was
included only once in the measurement data set. For
individuals with multiple years of data, | randomly se-
lected one year of data to include. Measurements were
not normally distributed and could not be transformed
to normality, so | tested for differences among age
classes using Kruskall-Wallis tests. When the test in-
dicated significant deviation from the null hypothesis,
| tested for significant differences between age cate-
gories using Dunn’s nonparametric multiple compari-
sons test for unequal sample sizes (Zar 1999). Data are
presented as mean * one standard deviation.

RESULTS
MOLTING STRATEGY

Lance-tailed Manakins follow a complex basic molt
strategy (Howell et al. 2003), with molt and breeding
occurring as an annua cycle (Fig. 1). The main molt-
ing period begins approximately in June and continues
past the end of my field seasons in July. Body feathers
of young birds are replaced approximately 2—3 months
after fledging in a preformative molt. Feather wear on
young birds captured later in their first year suggests
that this molt is partial, with remiges and rectrices re-
tained, but the completion of this molt was not ob-
served due to field season schedules. Subsequent ages
have complete prebasic molts that begin in June to July
of each year. Like other manakins, this species lacks
aternate plumages.

MALE PLUMAGE STAGES

Lance-tailed Manakins have definitive adult plumage
in the breeding season of their fourth year, after two
prebasic molts (Fig. 1, Table 1). Forty-four males were
captured at least once while in a predefinitive plumage

and again in the consecutive year. Nine of these 44
males were captured in juvenal and both predefinitive
plumages. All observed plumage changes by these
males agreed with the sequence described below.

Juvenile male Lance-tailed Manakins are green
overall, athough males may have an orangeish cap of
feathers morphologically indistinct from other head
feathers (** Tawny Cap” plumage). The formative male
plumage (‘‘Red Cap’’) consists of green body feathers,
remiges, and rectrices, and a cap of shiny red feathers
that are longer and narrower than their other head
feathers. This crest initidly grows in a “‘V" of two
feather tracts along the top of the head that diverge
posteriorly, giving the crest a ** split” appearance. Sec-
ond-year males attain black lores by the end of the
breeding season, with black sometimes extending onto
the face (“‘Black Face” plumage). The development of
Black Face plumage is somewhat variable in timing,
but develops after 10-12 months of age. Eleven ju-
venile males initially captured in Green, Tawny Cap,
or sight Red Cap plumage and recaptured in the fol-
lowing year, molted into Red Cap or Black Face plum-
age in the intervening 8-10 months (mean = 8.7 +
0.9 months).

The second prebasic molt begins at approximately
13-15 months posthatching. The resulting second basic
male plumage (‘‘Blue Back’) comprises a red cap,
black face, green-and-black body feathers giving a mot-
tled appearance, scattered blue or partialy blue feathers
on the back, and variably dark remiges and rectrices.
Several of the secondaries or rectrices of these birds are
usually black or half black. Twenty-seven malesinitialy
captured in Red Cap or Black Face plumage were re-
captured in the following year and had molted into Blue
Back plumage in the 7.5-13.5 months (mean = 11.3 +
1.9 months) between captures.

At the third prebasic molt (approximately 26 months
posthatching), males attain definitive plumage. Malesin
their first year of this definitive male adult plumage can
have dightly more greenish-black body feathers than
males in subsequent years, but these greenish definitive
males are indistinguishable from darker males in the
field. Sixteen maes captured in Blue Back plumage
were recaptured in the following year and had molted
into definitive male plumage in the 10-14 months
(mean = 12.3 = 1.6 months) between captures.
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TABLE 1. Categorization of Lance-tailed Manakin plumages from six years (1999-2004) of field studies in
the Republic of Panama. In al, this represents 570 plumage-captures of 467 postfledging individuals.

Plumage? Aspect Description Age class® Sex¢
Juvenal Green Olive-green body and flight HY male/female 1 male; 199 females;
feathers, may or may not or AHY 13 unknown
have longer crest feathers, female
but these are also olive
green
Tawny Cap Orangeish crest feathers, may HY male or 8 males; 46 females
or may not be morphologi- AHY female
cally distinct from other
head feathers
Formative Red Cap Red, elongated crest feathers; SY 56 males; 11 femaes
green body and head feath-
ers
Black Face Red Cap plumage with some 45 males; 0 females
black feathers around lores
Second basic Blue Back Red cap, some black on head, TY 72 males; O females
scattered blue on back
Third basic Definitive male  Red cap, black head and body, ATY 132 male; O females

blue on back

a Plumage terminology follows Humphrey and Parkes (1959). Plumage-type names follow McDonald (1993a).

bHY = hatch year; AHY = after hatch year; SY = second year; TY = third year; ATY = after third year.
Age classes follow Pyle (1997), such that a SY bird is in its second calendar year.

¢ Numbers indicate unique individuals captured in each plumage class by sex. Individuals captured in more
than one plumage are counted in each observed plumage stage. Sex was determined as described in methods.
All Tawny Cap males were genetically sexed, and five of these eight males were additionally sighted in a later
male plumage. Thirteen green-plumaged birds of unknown sex were not genetically sexed.

CAPTURES OF KNOWN-AGE INDIVIDUALS

This general plumage sequence is further confirmed by
captures of twelve male chicks banded in the nest that
were later captured one or more times in mist nets,
providing information on plumage stage for males of
precisely known age (Table 2). One of these males was
captured at two months of age with Tawny Cap plu-
mage; one male captured at nine months of age had
Red Cap plumage, with the cap incomplete in ““ split”
formation; seven males captured at 10-12 months of
age were in Black Face plumage; two males captured
at 12-13 months of age showed small amounts of blue
feathers on the back; four males captured at 24.5-25.5
months had typical Blue Back plumage; and one mae
captured at 35 months was in full definitive male
plumage. The plumage stages of these known-age
birds were consistent with the general order and pro-
gression of plumages in other young males.

VARIATION IN FEMALE PLUMAGE

Young female Lance-tailed Manakins retain uniformly
green plumage after the preformative molt, and thisis
the definitive plumage of most females. The majority
of females (78% of 226 individuals) had completely
green plumage as described in Wetmore (1972). A
small proportion of individual females had male-like
plumage, as reported in some other manakin species
(Foster 1981). Approximately 5% of al females had
Red Cap plumage, and an additional 17% of females
had Tawny Cap plumage. Tawny Cap birds frequently
had only a few orangeish feathers in their crests, and
were usualy classed as green-plumage when sighted
with binoculars. The magjority of females did not

change plumage type between years, but two females
initially captured with dlight Tawny Cap plumage
gradually developed full red crests over two to three
breeding seasons. The actual age of females was gen-
eraly unknown, as most were captured as unbanded
immigrants from outside of the field site. Three fe-
males banded as chicks were recaptured on the study
site, and had completely green plumage at 12.5-13
months of age.

GENETIC SEX BY PLUMAGE TYPE

Genetic sexing of 47 individuals in Black Face or later
male plumage confirmed that al were male (9 Black
Face, 14 Blue Back, and 24 definitive male). The ge-
netic sex of birds in Green, Red Cap, and Tawny Cap
plumage was examined on a per-capture basis, as
males were frequently recaptured in later plumage
stages. Females represented 16.4% of 67 Red Cap cap-
tures, 85% of 54 Tawny Cap captures, and 99.5% of
213 birds in Green plumage (Table 1).

CHANGES IN PLUMAGE MORPHOLOGY WITH AGE

Several changes in plumage morphology were linked
with age in young males. | examined differences in
plumage characteristics of known-age birds aged by
capture in predefinitive plumage and found that the
length of rl (the longest extended middle rectrix) was
significantly different among age classes (df = 3, Z =
63.3, P = 0.001), as were the area of the red crest (df
= 2,Z = 26.8, P = 0.001) and wing chord length (df
= 3,Z = 66.0, P = 0.001; Fig. 2). Multiple compar-
isons indicated that third- and fourth-year males were
significantly different from younger birds in wing
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Plumage at
Individual Hatch date Recapture date Age (months) recapture?
248 18 Apr 2000 26 Mar 2001 11 BF (slight)
28 Apr 2001 12 BF (slight)
249 18 Apr 2000 31 May 2002 25.5 BB
06 Jun 2002 25.5 BB
283 05 May 2000 10 Apr 2001 11 BF (dlight)
23 Apr 2001 115 BF
26 Apr 2002 23.5 BB
19 May 2002 24 BB
287 10 May 2000 26 Mar 2001 10 BF (slight)
07 May 2001 12 BB (slight)
17 Jun 2001 13 BB (slight)
302 23 May 2000 22 Jun 2001 13 BB
30 May 2002 24 BB
374 20 Apr 2001 21 Jun 2001 2 TC
25 Jun 2001 2 TC
403 06 May 2001 03 Apr 2004 35 DM
422 26 Apr 2001 27 Apr 2002 12 BF (slight)
444 13 Jun 2001 26 Mar 2002 9 RC (split)
466 10 Apr 2002 09 Apr 2003 12 BF (slight)
29 Apr 2003 12.5 BF (slight)
03 Apr 2004 24 BB
535 16 Jun 2002 08 Apr 2003 10 BF
546 17 Jun 2002 10 Apr 2003 10 BF (slight)

a Plumage-stage codes are as follows: BF = Black Face, BB = Blue Back, TC = Tawny Cap, DM = Definitive
male, and RC = Red Cap. “‘Slight” indicates plumage which meets the plumage stage definitions in Table 1
but which may be mistaken for the previous plumage when viewed with binoculars. *“ Split” indicates a V-

shaped, developing red cap with feathers emerged in two distinct tracts on the head.

chord and cap area (P = 0.05 indicated by Qgess >
2.8), but not different from each other. Third- and
fourth-year males were different from each other and
from younger birds in tail extension length (Fig. 2).

DISCUSSION

Predefinitive male plumages in the Lance-tailed Man-
akin arereliable indicators of age for second-year (Red
Cap or Black Face) and third-year (Blue Back) males.
Furthermore, individuals in Black Face and later plu-
mages are unambiguously male. The mgjority of fe-
males have al-green plumage, athough some have
orangeish or red caps indistinguishable from those of
hatch-year or second-year males.

Throughout the genus Chiroxiphia, the acquisition
of adult male plumage elements occurs in the same
genera order: males start with a green base plumage;
then gain a cap of elongated red feathers, next black
feathers on the face or lores; then blue back feathers
and some black body, tail and flight feathers; and fi-
nally replace remaining green with black or blue feath-
ers (Foster 1987, McDonald 1993a). The timing of
molts and overall length of time to attain adult male
plumage in C. lanceolata is more similar to C. caudata
(Foster 1987) than to C. linearis (McDonald 1989).
Male C. caudata (Foster 1987) and C. lanceolata at-
tain definitive plumage by the breeding season of their
fourth year, while C. linearis attain definitive adult
plumage by their fifth year (Foster 1977, Foster 1987,
McDonald 1993a). The timing of the Red Cap, Black
Face, and Blue Back plumage stages in C. linearis is

debated. Foster (1987) reported that the Red Cap and
Black Face stages occur in only one year class (sec-
ond-year), and she separated Blue Back malesinto two
year stages (third- and fourth-year). McDonald (1993a)
divided Red Cap and Black Face males into two age
classes (second- and third-year), but combined all Blue
Back males in one age class (fourth-year). This study
demonstrates that in C. lanceolata, the Red Cap and
Black Face plumages are included within one age class
and molt stage, as reported for C. caudata. Also asin
C. caudata, Blue Back males in C. lanceolata are de-
fined by one molt and age class, though the extent of
blue on the back and the degree of dark body feathers
and remiges varies by individual and may change dur-
ing a protracted molt.

Species-level differences in delayed plumage mat-
uration may be related to differences in the time re-
quired to attain a breeding position (Foster 1987,
McDonald 1993b). Only males of alpha or beta status
perform courtship displays for females (McDonad
1989), and alpha and betamalesin C. linearis are usu-
aly at least 8 years old (McDonald 1993b). In contrast,
male C. lanceolata may become betas at 4 or 5 years
of age (EHD, unpubl. data).

My results demondtrate that the plumage of young
male Lance-tailed Manakins may be used to estimate re-
ligbly the age of individuals captured in any of the distinct
predefinitive plumage classes. Thisis of particular utility
in long-term studies of banded individuals, as plumage
can be used to determine accurately the age of adult
males previoudly captured in predefinitive plumages.
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FIGURE 2. Differences in male plumage morpholo-
gy by age class. Hatch-year and second year males
have shorter central rectrices and wing chord lengths
than males in their third year or older. Second-year
males also have significantly smaller crest areas than
older males. Letter codes indicate that groups differed
significantly (P = 0.05, Dunn’s nonparametric multiple
comparisons test for unequal sample sizes, Zar 1999).
Codes for age classes refer to Table 1. Graphs repre-
sent mean (= SD) of plumage measurements with
sample sizes shown below each bar. Males of known
age in their fourth (n = 15) and fifth (n = 6) years
were pooled into one age class, 4Y +.

This research would not have been possible without
the dedicated field assistance of B. Carter, K. Janaes,
R. Lorenz, J. Lorion, K. Manno, E. Reeder, M. West-
brock, and P White. I'm grateful to M. Foster, S. N.
G. Howell, A. Krakauer, D. McDonald, and UC Ber-
keley’'s Bird Group for comments that greatly im-

proved earlier drafts of this manuscript. E. Y. de Koh-
ler assisted with the Spanish translation of the abstract.
This project was supported by funding from the Na-
tional Science Foundation (DDIG #0104961), UC
Berkeley Museum of Vertebrate Zoology, Smithsonian
Tropical Research Institute Short-term Research Fel-
lowship program, Animal Behavior Society, American
Ornithologists Union, American Museum of Natural
History, Manomet Bird Observatory Kathleen S. An-
derson Award, and Sigma Delta Epsilon Graduate
Women in Science.

LITERATURE CITED

FosTeER, M. S. 1977. Odd couples in manakins: a study
of social organization and cooperative breeding in
Chiroxiphia linearis. American Naturalist 111:
845-853.

FosTer, M. S. 1981. Cooperative behavior and social
organization of the Swallow-tailed Manakin (Chi-
roxiphia caudata). Behavioral Ecology and Socio-
biology 9:167-177.

FosTeR, M. S. 1987. Delayed maturation, neoteny, and
socia system differences in two manakins of the
genus Chiroxiphia. Evolution 41:547-558.

GRIFFITHS, R., M. C. DousLE, K. ORRr, AND R. J. G.
Dawson. 1998. A DNA test to sex most hirds.
Molecular Ecology 7:1071-1075.

HoweLL, S. N. G., C. CorseN, P PrLE, AND D. |. RoG-
ERs. 2003. The first basic problem: areview of molt
and plumage homologies. Condor 105:635-653.

HumpHREY, P S, AND K. C. PARKES. 1959. An ap-
proach to the study of molts and plumages. Auk
76:1-31.

LoneMIRE, J. L., A. K. LEwis, N. C. Brown, J. M.
BuckINGHAM, L. M. CLARK, M. D. JonEs, L. J.
MEeINCKE, J. MEYNE, R. L. RATLIFF, E A. Ray, R.
P WAGNER, AND R. K. Moyzis 1988. |solation and
molecular characterization of a highly polymor-
phic centromeric tandem repeat in the family Fal-
conidae. Genomics 2:14-24.

McDonNALD, D. B. 1989. Cooperation under sexual se-
lection: age-graded changes in a lekking bird.
American Naturalist 134:709—-730.

McDonNALD, D. B. 1993a. Delayed plumage maturation
and orderly queues for status: a manakin manne-
quin experiment. Ethology 94:31-45.

McDonNALD, D. B. 1993b. Demographic consequences
of sexual selection in the Long-tailed Manakin.
Behavioral Ecology 4:297-309.

PvLE, P 1997. Identification guide to North American
birds, Part 1: Columbidae to Ploceidae. Slate
Creek Press, Bolinas, CA.

RiDGELY, R. S., AND G. Tupor. 1994. The birds of
South America. Val. Il. The suboscine passerines.
1st ed. University of Texas Press, Austin, TX.

Snow, D. W. 1963. The display of the Blue-backed
Manakin, Chiroxiphia pareola, in Tobago, W.I.
Zoologica 48:167-179.

WETMORE, A. 1972. The birds of the Republic of Pan-
ama. Part 3. Passeriformes: Dendrocolaptidae
(Woodcreepers) to Oxyruncidae (Sharpbills). Vol.
150. Part 3. Smithsonian Institution Press, Wash-
ington, DC.

ZAR, J. H. Biostatistical analysis. Prentice Hall, Upper
Saddle River, NJ.



	AGE-BASED PLUMAGE



