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Aging And Sexing Gray Catbirds by
External Characteristics
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Ambherst, MA 01003

H. B. Suthers
Department of Biology
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Princeton, NJ 08544

ABSTRACT

Using a licld sample of 1248 Gray Catbird (Dumetella carolinensis) encounters in New Jersey, we examined various characieristics,
including thosc observed by earlier writers and those used in the Bird Banding Manual I1, 1o determine which combination of characteristics
may be uscful in aging and scxing that apparently monomorphic species. Mullivariate techniques were applied to a large field sample,
followed by closer examination of iris, mouth, and tongue color changes during the hatching year, to determine the variables that
discriminated older age groups from cach other, and the sexes from each other.

Summary information is given on age-related changes and characieristics. Some catbirds evidently may undergo a complete post-juvenal
molt. Browner plumage thought by earlier workers (o be sex related, were found to be age related. Extent of chestnut in the crissum was
individual, both agc and sex related. Wing and tail increased in length with age, particularly at the complete post-breeding molt in the second
year, and more slowly after. After-second-year and older birds were scparable from second-year birds in a pool of after-hatching-year birds
by evaluation of soft part color changes and feather measurements. Males obtained soft part color changes sooner than [emales.

Field tests on subsequent samples of catbirds resulied in age discrimination of second-year and afier-sccond-year birds from a pool of after-
hatching-year birds with 88.5% accuracy, and sex discrimination of known males and [emales with 78% accuracy. We present

classification functions and encourage other field workers 10 use and test our results.

INTRODUCTION

One of our most common species, the Gray Catbird
{Dumetella carolinensis), eludes detailed analysis of
population age and scx composition, intraspecific and
interspeeific behavior, and differential age and sex winter-
ing range ecology, because age and sex are diflficult to
determine outside of the breeding secason. The birds
appear completely monomorphic. Earlier investigators
wrote that females are paler (Audubon 1834) and duller
with brown pileum, wings, and tail (Dwight 1900), and
that males have more extensive chestnut in the crissum
(Ridgway 1907). Chapman (1916) notcd that somc fe-
malcs havc a slightly browner crown and upper parts than
the male, but that they vary too little to make the sexcs
certainly distinguishable. Dwight, writing about the first
winter plumage acquired by the molt of body feathers and
wing coverts, described the barring on the tail fcathers of
the hatching year bird and the retention of these rectrices
and remiges with their coverts in the first fall molt
whereupon young and old become practically indistin-
guishablc.

Al the onsct of this study in 1972, methods available for
aging catbirds werc according to Wood (1969), scparating
hatching year (HY) birds [rom after-hatching ycar (AHY)
birds from January through September. Birds captured
from October through December were aged unknown (U).
In 1977, when this study was well under way, the more
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detailed key in “‘North American Bird Banding Tech-
niques’’ (Bird Banding Manual Vol. II) was published.
The key facilitates discrimination of HY birds from AHY
birds Junc through Deccmber and second calendar year
(SY) birds from AHY birds January through April by iris
and mouth color. The ‘‘Notes for Further Study on
Catbirds’’ in the Bird Banding Manual Vol. II call for in-
formation on the ratc of eye and mouth color change,
suggesied by Klimkiewicz, and on the frequency of re-
tained juvenal coverts, suggested by Weske.

In the present study, drawing on a data base from a long-
term field study by the first author, we examine the
possiblc relationships obscrved by carlier writers; pursue
the abovce rccent questions; and use multivariate tech-
niqucs to detcrmine which sct of relevant variables may be
most uscful in determining the age and sex of catbirds,
multivariate tcchniques being potentially more predictive
than univariate techniques (¢f. Desrochers 1990).

Our results demonstrating that birds can be aged beyond
the second year (ASY) were first reported at the 1979
EBBA-NEBBA Joint Annual Mceting, followed by more
years of field work (o build samplc size forthe multivariate
analysis.
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METHODS

Data Collection : Caibirds were mist netted in migration
(end of April through May, and September through Octo-
ber) at a coastal barricr beach, Island Beach Statc Park,
Occan Co.,N.J., from 1972 to 1981. The study continued
inland during thc migration (May, Scptember, October)
and brceding scasons (Junc through August) in aban-
doned, overgrown hayficlds in Hopewell Township, Mercer
Co., N.J., from 1978 through 1989. Birds were initially
aged according to Wood (1969) and ‘thcn by the Bird
Banding Manual II when available in 1977 (see AGE,
Appendix). Sex was deicrmined by brood patch or cloacal
protubcerance during the breeding scason.

Ficld work from 197210 1986 yiclded a data basc of 1248
encounters uscd for analysis. Of these, 1045 were first
captures, 67 rcpeats, 2 forcign recoverics, and 134 rcturn
encounters involving 102 individuals of which 10 were
SY birds rcturning 1o brecd on their natal grounds, and 24
were multiple returns of two to five times. Dcterminale
ages (sce AGE, Appendix) were known for 762 encoun-
ters; 469 HY; 258 SY; 21 third year (TY); 11 fourth year
(4Y); 2fifth year (5Y); and 1 sixth ycar (6Y). Indetcrmi-
naie age birds totalled 466: 407 AHY; 30 ASY; 10 ATY;
6 A4Y;7 ASY; 5 A6Y; and 1 A7Y. There were 390 birds
of known sex: 219 males and 171 [emales. Repeats by
early arriving adults provided sex information during the
breeding season. Repeats of local fledglings provided
information on sofl part color changes.

Ficld work from 1987 through 1989 accumulated 316
further encounters, including 43 ncw SY birds, 32 older
retum encounters, and 76 males and 68 females. We used
these birds to test the age and scx discriminant functions
derived from the original data base.

Mecasurements were taken of variable physical character-
istics which were reported or observed to show promise in
determining age or scx. When it became evident during
the preliminary stage of the study that the variables
suggested by the carliest workers were inadequate alone to
distinguish age or sex, more variables were added 10 be
used in combination. In the final analyscs of age, birds
withmissing variables were climinated. The variables and
methods of evaluating them arc listed in the Appendix
with the names used in our computer analysis f(or rcferen-
tial convenicnce. These names arc in capital lctters. All
lengths are in the ncarcst millimeter. Some of the codes
and Munscll color notations are also provided, as they are
needed Lo usc the classilication functions.

Method of Analysis: Analyscs using SPSS relcasc 9.1
(Nic et al. 1975) included a t-test 1o verify that the coastal
population did not differ from the inland population on
WING and TAIL. Initially, descriptive slatistics (or the
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entire samplc and all subsamplcs defined by age catego-
rics, scx catcgorics, and their combinations were com-
puted. Analyses concemed with the prediction of age used
only thosc birds whosc placcmentin an age group could be
made with certainty (determinate age), using plumage,
time ol year, and previous capture (sce AGE, Appendix).
Birds which were aged SY usingiris or mouth color alone,
as rccommcnded by the Bird Banding Manual Vol. 11,
werc not used, as the rclationship of those variables with
age was being studicd. The analysis concerned with the
prediction of scx uscd only thosc birds whose sex was
determincd by prescnce of brood patch or cloacal protu-
berance.

The primary technique {or the age and sex analyses was the
Discriminant Function Analysis (DFA) provided by the
DISCRIMINANT f(acility of SPSS (Nie et al. 1975).
Pcarsons corrclations were computed between each of
AGE and SEX and cach of their polential predicting
variablcs. Only thosc variables whose corrclation with the
rclevant dependent variable met a criterion of o < 0.05
were retained.  Then Discriminant Function Analyses
were applicd to the surviving variables for AGE and for
SEX. EachDFA uscd the ““‘direct’’ method (simultancous
cntry of variables) with listwise deletion of missing val-
ucs. Univariate F Ratios were examined to interpret the
relative contributions of cach variable to the overall dis-
crimination task.

Woe examined indetail two questions conceming age. One
was the changesincolorvariables during the hatching year
(¢f.- Wood 1973 on iris color). We gave each HY bird
captured during the breeding scasons a ‘‘fledgling age””
(FAGE), dcflined to be the number of days between the
date of capture of the first local {ledgling of the year and
the subscquent date of capturc of cach HY bird being aged.
Correlations were computed between fledgling age and
the color variables of interest.

The other question was how o best discriminate SY from
ASY catbirds in a pool of AHY catbirds. The age scale,
AGE, wasdcfined to consist ol three groups: HY birds, SY
birds, and a third group, ASY, consisting of all birds
known with certainly (o be at least in their third calendar
year. The preliminary DFA was biased by the presence of
a large sample of HY birds and included more variables
than practical. Somc variablcs were redundant and some
difficult to measure rcliably in the ficld. A second DFA
analysis was rcquired.  All older birds were pooled into
ASY, now totaling 98 cascs, necessary to obtain an
adequale bird (o variable ratio for multivariate analysis
(Tabachnick & Fidell 1983) in the older age group.
Corrclations were recomputed beltween candidate vari-
ables and the subscale of AGE containing only SY and
ASY, with the cutof[ set at a stringent o < 0.01 1o aid in
sclection of the variables most relevant to this disrimina-
tion task. Listwise deletion of birds with missing data on
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thesc variables resulted in 122 SY and 78 ASY remaining
cascs. We undertook a sccond DFA using the * “stepwise’”
method (sequential entry of variables, Wilks” lambda
being the mcasure of discriminatory power uscd to deter-
mine which variablc toenternext) todcrive amore concise
function (Tabachnick & Fidell 1983). The classification
functions were based on cqual prior probabilitics for all
groups, as the information necded for a Baycsian adjust-
ment was not available. These functions were tesicd
against the sample of recent captures and recaptures of
known age (n=61) which were not included in the sample
from which the [unctions were derived.

RESULTS AND DISCUSSION

Birds capturcd at Island Beach State Park and at Hopcwcll
did not differ on a t-test for WING and TAIL (p wing =
0.60, p tail = 0.44). Thesc populations were pooled for
analysis. Overall wing and tail measurcments of the New
Jersey birds were comparable 10 thosc of Gray Catbirds on
Long Island summarized by Raynor (1979). Averages of
asample of birds banded at Raccoon Ridge Nature Obscr-
vatory in northwestern New Jersey, of 20 Florida skins
from the University of Miami, and of 21 New Jersey skins
from Princcton University were also comparable with the
central Ncw Jersey sample, so it is assumed that clinal
differences arc not involved in this study. A x> was used
10 test the distribution of sex across age. There was no
significant depecndency (x* = 4.89, p = 0.30), so we may
assume that differences across age groups are not attribut-
able to varying proportions of sexual makcup ol those
groups, Or vice-versa.

Descriptive Results for Age -- Table 1 gives a prolile of
the average Gray Catbird within a given age catcgory. In
general, migratory HY birds in the first winter plumage
were smaller, with lower iris, mouth, and tongue scores,
withmore light gray tips on the pairs of tail feathers. Many
birds (150 of 236) in the f{irst winter plumage had detect-
able retained feathers afler molt: browner primarics and
primary coverts; and/or some or all retained greater secon-
dary coverts with browner cdges as described by Dwight;
and/or brown-cdged tertiaries. The later broods did not
have as much time to molt the secondary coverts before
day length and energy budgcts would demand a switch (o
preparation for migration (Payne 1972). Of the 236 HY
birds scored for both brood age and retained feathers,
retained feathers were detected on 55% of the carly brood
(n=144) and 77% of thc latc brood (n=92), significantly
different by %? (p>0.005).

The remaining birds (86 01 236) in the first winter plumage
had gray remiges and coverts practically indistinguishable
from adults and fresh greater secondary coverts with
lighter gray outer cdges, making age detection the follow-
ing spring possible only by iris and mouth as described in
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the Bird Banding Manual Vol. II. HY birds may have a
higher incidence of complcte molt than previously real-
ized, as suggested above by this 36% of the birds recog-
nized as HY by only iris and mouth color and short wing
and tail. A HY net casualty of 3 September 1984 with
unpncumaltized skull, gray-brown irides, pink and yellow
mouth, and gray and pink tongue (now skin #16609 at
Princeton University) showed active, symmetrical moltin
two primary and three sccondary flight feathers.

The irides of HY birds changed from gray to medium
brown and mouth and tongue color changed progressively
from yellow to mixtures of yellow, pink, gray, and black
(sce IRIS, MOUTH and TONGUE in Appendix) from the
time that local fledglings first appeared in the mist nets in
carly July until the last migrants departed in late October
(Figure 1). The correlations between fledgling age and the
color variables (Fig. 1) were significant at 0.50 for IRIS,
0.53 for MOUTH, and 0.52 for TONGUE (n=163). Only
1 ol 163 known local fledglings had adult-like dark brown
irides (codc 6), 7 had black with pink mouths (code 6), and
6 had gray tongues (code 3). Each of these exceptions had
HY characlcristics on the other color variables. Thus, ex-
treme values on all of the color variables enable one to rule
out an age of HY.

Second ycar birds charactcristically had medium brown
irides or darker brown irides with a lighter ring. Their
mouths were mostly black with pink, the residual pink
being at the corners and in the roof of the mouth. All
catbirds have pink under the tongue and in the respiratory
aperture in the roof of thc mouth. Second year tongues
were pink or some combination of pink, gray, and black.
SY birds, carrying their shorter juvenal flight feathers
until their first complete molt in the fall, were also smaller
than oldcr birds, including the 10 SY retums (SY birds in
Table 1). These feathers and retained coverts on both male
and female appeared duller or browner, noticeably faded
in contrast to the newer secondary flight feathers. Feather
tips sometimes wore ragged, especially in the tail where
some of the light gray spots were eliminated.

Third year (TY) catbirds had longer, grayer wing and tail
feathers by 1-3 mm, having gone through their first
complete molt in the fall of their second year (Table 1).
They still had the barring or watermarking on the tail, but
had fewerlight gray tips on the tail. Theirirides were dark
brown or blackberry, the black mouths showed little if any
pink at the comers, and tongucs were gray or gray and
black. By the fourth year, their mouths and tongues were
in most cascs black. New primary and tail feathers
increased on an individual basis 10 our longest recorded
length of 96 mm wing and 106 mm tail, and the chestnut
in the crissum increased 1o our longest recorded length of
30 mm dccep, 34 mm long, and 33 mm short. This trend
continucdin 14 returns of 4Y L0 6Y birds andin 32 returns
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of ATY to A7Y birds through spring of 1989. The trend
of wing and tail incrcase was also seen in the multiple
retums of 24 individuals (Wilcoxon Signcd Ranks test, p
=(0.01). Francis and Wood (1989) also report wing length
increascs in [our species of wood warblcrs from the second
to third summer, and continued increase in subsequent
molts in the Ycllow-breasicd Chat (Ictera virens).

DF A Results for AGE -- The first Discriminant Function
Analysis resulted in two significant (p. < 0.0001) func-
tions that correctly classificd 90.2% of thc sample they
were computed from. Function 1 discriminatcs HY {rom
SY and oldcr birds. The primary contributions to this
discrimination are madc by IRIS, MOUTH, and CORTIP,
the TONGUE being redundant. When other means of
aging were not availablc, such as juvcnal plumage or
retained feathers after molt, the soft part color variablcs
were sufficient in distinguishing HY and SY from AHY
birds, as described in the Bird Banding Manual Vol. I1.
Our first Discriminant Function Analysis verilicd this.
Function 2 discriminates SY from ASY. The strongest
contributors are MOUTH, WING, CULMEN, WING-
DIFF, TAIL, WINGTIP, and TONGUE.

The sccond DFA separated SY from ASY. The variables
which met the criteria for this analysis were CORTIP,
IRIS, NINETEN, TAIL, TONGUE, WING, WINGDIFF,
and WINGTIP. This analysis rcsulted in a significant
discriminant function (p < 0.0001) which correctly classi-
fied 89.0% of the cascs it was computed on (90.2% of the
SY and 87.2% of the ASY cases). WINGTIP, WING,
WINGDIFF, and TAIL had strong roles reflecling the
increased length of the new flight feathers afier that first
complete fall molt and subsequent fall molts.

The derived classification [unctions follow below. One
uses these classification [unctions by replacing the vari-
able names in each expression with the field data [or those
measures (coded as defined in the Appendix), summing
the products of cach variable times its classification
function cocfficicnt, subtracting the constant (698.542 or
777.455) from this sum, and assigning the bird to the age
class having the highestresulting classification score. The
chore of computation is greatly reduced by making a tablc
of the products of a coefficient times cach observed
measurement of its respective variable, or by using a
programmable calculator.

SY = (2.082 x CORTIP) + (3.849 x IRIS)
+(0.156 x NINETEN) + (0.677 x TAIL)
+(4.142 x TONGUE) + (14.290 x WING)
+ (1.380 x WINGDIFF) + (1.010 x WINGTIP)
- 698.542
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ASY = (1.261 x CORTIP) + (5.004 x IRIS)
+(0.028 x NINETEN) + (0.808 x TAIL)
+(5.603 x TONGUE) + (14.811 x WING)

+ (1.687 x WINGDIFF) + (1.360 x WINGTIP)
-777.455

These classilication functions tested on 61 birds of known
age caplurcd subscquently in 1987-1989 classified 54
birds, 88.5%, corrcctly. The crrors were a 4Y bird with
an unusually high CORTIP for its age classified as SY;
three TY birds with short wings classified as SY; and three
SY birds with low CORTIP score, long WINGTIP, and
black TONGUE, rcspectively, classified as ASY. Re-
tained [cathers would have annulled the error in the SY
birds.

DFA Results for Sex - The discriminant functions (pg
0.0001) which resulted from the sex analysis correctly
classificd 78.9% of the 242 birds used to derive the
function (81.8% of 132 malcs, 75.5% of 110 fcmales).

M = (1.640 x CHRISHORT)
+ (25.682 x CULMEN) + (7.292 x MOUTH)
+(.892 x TONGUE) - 257.693

F = (1.489 x CHRISHORT)
+(24.995 x CULMEN) + (6.544 x MOUTH)
+ (.432 x TONGUE) - 237.50

The samplcs were heavily weighted by SY birds (71% of
the determinaltcly aged malcs and 82% of the females) and
AHY birds (75% of the indetcrminatcly aged males and
80% ol thc [cmales). Older birds of known sex, even after
12 years of data gathcring, were sparse (24 males and 30
females), making it impracticable to treat them scparately
by age. However, wing, tail and primary feather differ-
cnces between sexes of a given age were similar as
described carlier.  The cmargination of primaries was
monomorphic.

The shorter culmen of females has strong discrimination
power, scen also in other avian sex determination models
(c¢f. Brennan et al. 1984), uscful in the catbird when
combined with other functions. The discriminant func-
tions reflect the tendency for more males than females to
obtain black mouths and tonguecs and 10 obtain them
sooncr, but the sample of known HY males and females
(scxedinsubscquent capture)is oo small Lo scparate them
outinFigurc 1. Wcneed a closer look at the variations in
mouth and tonguc color changes in fledglings; i.c., why
somec mouths in score 2 arc yellow and gray instead of
yellow and pink, and in score 3 arc pink and gray instcad
of pink with some ycllow. These may be sex differences.
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The classification functions for s¢x tested on 144 adult
birds of known scx capturcd subscquently in 1987-1989
classificd 78% correctly (74% of 76 malcs; 82% of 68
fcmales).

Practical Implications -- Using these functions we can
scparate groups of AHY birds containing both SY and
older birds into SY and ASY even when therc arc no
retaincd greater sccondary coverts in the SY birds. In
Oclober through Dccember (after the fall molt), HY birds
will still be distinguishable. The SY birds will have longer
{light feathers now resembling ASY birds and may be-
come otherwisc indistinguishable from other members of
the ASY cohort. Therefore, all doubtful non-HY birds
will have o be called AHY until January when they
become ASY, when HY birds progress to SY and the dis-
tinction can be made between these new SY birds and the
new ASY birds. A posterior probability of correct clas-
sification of age or scx can be compuled by workers
needing high conlidence of age/scx assignment from their
ficld samples. Birds bclow 95% probability of correct
classiflication can then be rejected [rom a study.  Sce
Brennan et al. 1984 for the posterior probability compu-
lation.

The power 10 distinguish SY and ASY birds in a pool of
AHY birds gives a handle on questions in catbird breeding
biology and wintcring ecology. Light colors of the soft
parts and the abundant light gray tail tips on the HY birds
may be signals of rccognition that have somc mcaning in
the interactions of young and adult on nalal territorics.
The discriminant functions used on 22 birds of unknown
agce banded in January on winter grounds in Mexico, Gua-
temala and Costa Rica, resulted in 9 SY birds and 8 ASY
birds. None of the SY birds had detectable retained
feathers, suggesting a possible dilfcrential migration be-
tween broods. A local fledgling banded at Island Beach
State Park, NJ, by K. G. Price was recovered in Guatemala
(personal communication) suggesting the extent of winter
range of Ncw Jersey birds. In spring, SY birds’ soft parts
colors and fadcd, retained juvenal fcathers may be a sign
of immaturity that affects territorial delensc and malc
selection (¢f. Lyon and Montgomeric 1986). There may
be an advantage, thercfore, 1o an carly-brooded bird 1o
acquire the indistinguishable adult plumage color as soon
as possible, during the post juvenal molt. Finally, there
may be an advantagc ol being apparently scxually mono-
morphic on winter grounds, where catbirds were obscrved
defending food resources (H.B. Suthers, unpublished).
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Figure 1. Change of Color Variables in Fledglings
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Change of IRIS, MOUTH, and TONGUE average scorcs in fledglings from time of first appcarance in the mist nets
to the last capture during fall migration, compared with scorcs of adult birds up to six years. The dip in values at
week 6 reflects the appearance of late broods. Maximum possible Sum is IRIS 7+ MOUTH 7 + TONGUE 4 = 18.
Lincar regression slopes are: Sum, y = 3.018 + 0.627x, RA2 = 0.927; Iris, y = 1.686 = 0.211x, RA2 = 0.871; Mouth,
y = 0.864 + 0.289x, RA2 = 0.896; Tonguc, y = 0.467 + 0.128x, R* = 0.797. Samplc sizes arc 163 HY, 181 SY, 21

TY, 114Y,25Y and 1 6Y.
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Table 1. Agc Charactcristics of the Gray Catbird.
(Mecasurcments in mm * Standard Error of the Mean)
(Sec Appendix for measurcments and soft part color scores.)

WING

WINGDIFF

NINETEN

WINGTIP

TAIL

CORTIP

CRISSHORT

CULMEN

IRIS

MOUTH

TONGUE

<aflter molt

Vol. 15, No. 2

AGE

HY* SY TY 4Y Y oY ATY

86.6 859 89.2 89.5 89.5 92.0 95.0
0.16 0.18 0.39 0.62

37.2 36.4 39.6 38.8 39.0 38.0 42.5
0.16 0.20 041 0.98

25.2 25.0 26.2 25.7 26.0 26.0 27.0
0.14 0.18 0.35 0.45

13.6 13.0 14.2 14.3 15.0 14.0 16.0
0.15 0.16 0.48 0.67

89.8 89.6 94.2 93.7 92.0 94.0 98.0
0.24 0.25 0.91 1.25
5.1 4.2 3.2 3.7 5.0 6.0 4.5
0.07 0.11 0.28 0.50

18.0 17.7 17.6 21.7 21.5 220 14.5
0.36 0.31 1.47 1.26

15.2 164 16.4 16.6 18.0 16.0 17.0
0.06 0.06 0.22 0.20
3.6 5.3 59 6.4 6.0 6.0 6.0
007 - 0.07 0.33 0.20
2.8 6.2 6.4 6.8 7.0 7.0 6.5
0.08 0.06 0.16 0.18
1.6 2.5 3.0 32 4.0 3.0 3.0
0.06 0.07 0.17 0.28

229 181 21 11 2 1 2

7 62 10 6 2 1 0
2 75 11 5 0 0 2
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APPENDIX: DESCRIPTION OF VARIABLES

AGE: Birds with juvenal characteristics. through fall migration were aged hatching year (HY). Spring birds with retained, faded
Juvenal primaries and coverts and/or with retained juvenal greater sccondary coverts that were brown edged and shorter
in contrast Lo the new coverts were aged sccond year (SY). Gray plumaged spring birds with iris and mouth scores ol 5
or less, comparable 1o the BBL Manual Vol. Il key, werc aged SY. Adult-looking birds with dark or blackberry irides,
black mouth, and gray plumage were aged after hatching ycar (AHY). Rcwurns were aged according to age at banding.
In the DFA analyscs, the ASY catcgory consisted of all returncd birds known o be at Icast in their third year, whether
originally aged "determinately” as HY or SY, or "indcicrminatcly” as AHY.

BARRING: presence or absence of barring or watcrmarking on the rectrices (Dwight 1900), not 1o be confused with stress bars.

CORTIP: the number of pairs of tail fcathers with pale gray corners and tips.

CRISDEEP: the length of the chestnut coloring on a center [cather of the crissum as mcasured along the midrib of the feather.

CRISLONG: the length of the chestnut coloring on a center fcather of the crissum as measurcd along the longer chestnut edge.

CRISHORT: the Iength of the chestnut coloring measured along the shorter chestnut edge.

CULMEN: the length of the exposed culmen.

EMARG: cmargination ol the primarics.

IRIS: iris color, scored from 1 o 7 as it progressed from fledgling's gray through brown (o reddish black in steps of Munsch
neighbors of (1) gray (10YR 5/1, 4/1), (2) brownish gray (7.5YR 5/2, 4/2), (3) grayish brown (5YR 5/4, 4/4), (4) reddish
brown (2.5YR 4/4,3/4), (5) reddish brown with lightcr ring (10R 3/2 with 10R 5/4), (6) dark brown (7.5R 3/2), (7) reddish
black (5R 1/1). This is an claboration of Wood's (1973) method of scparating AHY (rom HY by iris color, using the
Munscll (1969) color ratings. We used the preferred system of letter-number notations (ASTM 1969), and we renumbered
the 2.5-unit hue steps with a more managcable scale from 1 1o 7, where 1 unit = 2.5 Munscll units.

MOUTH: mouth color, scored 1 to 7 as it progressed from (ledgling's yellow through pink and gray to black in steps of Munsell
neighbors of (1) yellow (10YR 8/8), (2) mostly ycllow with some pink (7.5YR 9/2, 8/4) and/or gray (5YR 5/1), (3) mostly
pink (5YR 9/2, 8/4), with some ycllow, often at the folds of the mouth, and/or gray, (4) pink (2.5YR 8/4, 7/4), (5) mostly
gray (10R 5/1) with pink (10R 8/4, 7/4), and/or black, (6) mostly black with some gray (7.5R 5/1) and/or pink (7.5R 8/
4, 7/4), (7) black. We renumbered the 2.5-unit hue steps with a morc manageable scalc from 1 to 7, where 1 unit = 2.5
Munscll units.

NINETEN: the distance between the tips of primary #10 and primary #9, wing partially unfolded, underside.

PILLONG: the pilcum length (rom the basc of the exposed culmen 1o the back edge of the pilcum.

PILWIDE: thc width of the pileum measured behind the eyes.

PLUMAGE: scored from 1 to 5 as it progressed from (1) juvenal, (2) hatching year molting, (3) HY with retained greater secondary
coverts, (4) HY or SY with retained primarics and primary coverts 10 (5) all new [eathers; and the additional category (6)
for AHY in molt.

SEX: by brood patch or cloacal protuberance scored 0 10 4 for none, small, medium, maximum, or receding, respectively.

TAIL: 1ail length, taken by a ruler slipped between the center pair of feathers until it touched the body.

TAILDIFF: the dilference in length between the longest, innermost (ail feather #1 and the shortest, outermost #6.

TONGUE: tonguc color, scored () to 4 as it progressed [rom (ledgling's yellow through pink and gray (o black in steps of
Munscll neighbors of (0) yellow (10YR 8/8, 9/2), (1) pink (SYR 8/4, 7/6) with {adcd yellow remaining at the Lip, (2)
pink (10R 7/4) or a mix of pink, gray (10R 6/1) and/or black, (3) gray (5R5/1) and black, or dark gray (5R 3/1), (4)
black. We renumbered the 5-unit hue steps 10 a more manageable scale of 0 1o 4, where 1 unit = 5 Munsell units.

WING: wing chord, with the wing folded naturally, unflatened.

WINGDIFF: the differcnce in length from the underside, betwen the shortest, outcrmost primary #10 and the longest
primary #6.

WINGTIP: the diffcrence between the longest primary and the longest secondary, with the wing slightly unfolded.
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