RED COLOR BANDS REDUCE FLEDGING SUCCESS
IN RED-COCKADED WOODPECKERS

JoHN M. HAGAN! AND J. MICHAEL REED?

'Manomet Bird Observatory, P.O. Box 936, Manomet, Massachusetts 02345 USA, and
2Department of Zoology, Campus Box 7617, North Carolina State University,
Raleigh, NC 27695 USA

ABSTRACT.—An analysis of the effects of colored leg bands on Red-cockaded Woodpeckers,
in a long-term field study, showed that males that wore red bands fledged significantly fewer
young than males without red bands. Other colors were unrelated to fledging success. Band
color had no detectable effect on the fledging success of adult females. The offspring sex ratio
of breeding males wearing red bands was significantly female-biased. Offspring sex ratios
were not related to the presence or absence of red bands on breeding females. Wearing a
red band did not affect the probability of a male attracting a mate or the probability of
switching mates. For both sexes, annual age-specific survival was independent of the presence
or absence of a red band, but nestlings wearing red bands were less likely to be sighted as
fledglings. Males with red bands fledged fewer young, consistent with both the species-
recognition hypothesis and the coverable-badge hypothesis. The coverable-badge hypothesis,
which predicts that the inability to conceal a voluntary social signal (the red cockade) can
be detrimental, is the more parsimonious explanation of our results. Received 25 August 1987,

accepted 15 March 1988.

UNDER laboratory conditions colored leg
bands can affect mate selection (Burley 1981,
1986a; Burley et al. 1982), reproductive success,
sex ratio of surviving offspring (Burley 1981,
1986b, c), and longevity (Burley 1985a). Female
Zebra Finches (Poephila guttata), for example,
preferred males with red plastic leg bands and
avoided those banded with light-green, where-
as males preferred females banded with black
and avoided those with light-blue plastic leg
bands (Burley et al. 1982). Birds with “attrac-
tive” leg bands produced disproportionately
more young (Burley 1986b) and, in color-band-
ed experimental populations, offspring sex ra-
tios tended to be biased toward the sex of the
more attractive parent. Red-banded males also
lived longer than orange-banded or light-green-
banded birds, and black-banded females out-
lived orange-banded or light-blue-banded fe-
males (Burley 1985a). Males with leg bands of
preferred color had increased reproductive suc-
cess, and Burley (1986a) hypothesized that this
increase was due to females contributing great-
er parental investment to rearing the young of
males wearing attractive colors.

Band-color preferences tended to coincide
with colors that occur naturally in the plumage
and beak of this species (Burley 1986b, Burley
et al. 1982). Zebra finches preferred colors that
were found on conspecifics but absent in con-

498

geners, while less attractive color bands coin-
cided with colors present on congeners but ab-
sent on conspecifics (Burley 1986a). Such results
are predicted if color preferences are related to
the evolution of species recognition (Burley
1986a). However, preference for novel colors
(those not occurring naturally on the species)
was also demonstrated (Burley 1985b).

The effects of color bands have not been lim-
ited to the laboratory. A recent field study
(Brodsky in press) showed that male Rock Ptar-
migan with red or orange leg bands acquired
more mates than those without, even after ad-
justing for variation in the size of the red su-
praorbital comb.

Color-band effects offer potential for study-
ing behavioral processes in evolution (Burley
1981, 19864, b, c), but they also pose a potential
problem for laboratory and field studies of birds
where color-banding is used to identify indi-
viduals. Color-banding is commonly used in
field studies of demography and population dy-
namics, with an implicit assumption that bands
do not affect these processes. We found an effect
of color-banding on a natural population of Red-
cockaded Woodpeckers (Picoides borealis). Our
objectives were to determine whether band col-
or was correlated with reproductive success, age-
specific survival, or sex ratio of fledged off-

spring.
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There is little sexual dimorphism in Red-
cockaded Woodpeckers (Ridgway 1914, Ligon
1968, Mengel and Jackson 1977), and the only
sexual dichromatism is the red cockades found
on males, just above and behind the eyes. The
cockades are small tufts of red feathers that are
usually only visible when the bird is disturbed
(such as during territorial conflicts or during
intragroup conflicts) and raises the overlying
feathers (Ligon 1970). The role of the cockade
in courtship, if any, is not known. All other
plumage on this species is either black or white.
We predicted, in accord with Burley’s hypoth-
esis, that if color-band effects existed they would
more likely be related to the presence or ab-
sence of red; but this does not preclude possible
effects of novel colors (Burley 1985b).

We made no a priori assumptions as to the
potential effect red would have on reproductive
success or longevity. If the red cockade were a
sexually selected feature associated with male
competition or female choice, then addition of
red to an individual would be predicted to in-
crease fitness. However, congeners also bear red
plumage on the head and, if the ability to cover
the cockade were a feature to allow discrimi-
nation from congeners, the artificial addition of
red might result in confusion and lower fitness.
Another hypothesis consistent with a negative
effect of red predicts that the inability to conceal
an important intraspecific social signal at will
(exposure of the cockade) may conflict with
pairing or intraspecific competitive ability
(Hansen and Rowher 1986).

METHODS

We drew on data from a long-term study of the
cooperative breeding system of the Red-cockaded
Woodpecker in the Sandhills region of south-central
North Carolina (for project description, see Carter et
al. 1983, and Walters et al. in press). The study was
initiated in 1978; the population was not extensively
banded until 1980. OQur analyses are restricted to data
collected from 1980 to 1985. On average over this time
there were 460 adults in the population at the begin-
ning of the breeding season. Each year an average of
94.5% of the population was color-banded at the be-
ginning of the breeding season, and the remainder
was banded by the end of the season, including all
nestlings. Most birds were color-banded as nestlings,
although a small number were captured and banded
as adults (see Walters et al. in press for methods). One
leg was banded with 2 or 3 colored bands that iden-
tified the group to which the bird belonged at the
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time it was banded, while the other leg carried bands,
one colored and one aluminum/USFWS band, to
identify the individual within the group. The bands
were red, hot pink, orange, purple, yellow, white,
light-blue, dark-blue, light-green, and dark-green. Hot
pink was not used after 1981 because of observer dif-
ficulty in distinguishing it from red, and was exclud-
ed from the analyses.

Each bird involved in these analyses was assigned
to either the category of wearing a specific color of
band, or not wearing that color of band. The associated
presence or absence of other colors was ignored by
necessity because the number of pairwise or 3-way
color combinations was statistically intractable.
Fledging success, defined as the number of young
fledged per annual breeding attempt (there was no
double clutching) of those birds wearing the color,
was compared to that of those not wearing the color.
It was necessary to factor out high annual variance
in fledging success (Walters et al. in press). We ex-
pressed fledging success as the deviation from the
mean fledging success for each particular year. To
reduce the non-normality of this dependent variable,
analyses were conducted on the log of the deviation
plus 3. Three was added to avoid taking logs of neg-
ative numbers or 0. Analyses of fledging success were
carried out only on adult males birds over 2 yr of
age and adult females over 1 yr of age. This avoided
confounding high variance in the fledging success of
young breeders (Manor et al. in prep.). Females usu-
ally breed a year earlier than males.

Sex ratios of fledglings were compared (Chi-square
test) to determine any relationships among the pres-
ence or absence of a band color on the parents and
the number of fledglings of each sex produced. The
set of fledglings used consisted only of fledglings
whose parents were both identified with color bands.
Given this restriction, the offspring of parents of all
ages available were used in the analyses. The same
set of fledglings were used in both analyses, being
partitioned in the 2 X 2 table according to parent
band color.

The relationship between survival and band color
was examined by comparing the numbers of individ-
uals with and without a particular color band surviv-
ing from the nestling to fledgling stage, from fledg-
ling to age 1, 1 to 2, etc. up to age 5. Annual survival
was analyzed separately for each sex because the fe-
male is the dispersing sex and has lower survival
(Walters et al. in press).

RESULTS

Reproductive success.—Of 436 breeding at-
tempts of male Red-cockaded Woodpeckers,
those involving individuals wearing at least 1
red color band produced significantly fewer
fledglings than those involving males that did
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TABLE 1.
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Deviations from mean number of fledglings produced for each sex based on the presence or absence

of a red color band. Deviations are computed from annual means to remove annual variation in fledging
success. Probabilities of a greater F represent the Type III Sum of Squares, after variation in fledging success
due to the presence or absence of red on a bird’s mate had been accounted for.

Red-banded Non-red-banded
Sex n Mean 1SD n Mean 15D P>F
Males 147 —0.061 1.05 289 0.193 1.09 0.01
Females 99 0.022 1.05 231 —-0.077 1.02 0.63

not wear red bands (Table 1). This was true even
after adjusting for variance in the dependent
variable that could be accounted for by the pres-
ence or absence of a red color band on his mate.
Based on 5 yr of data, red-color-banded males
produced 0.25 fewer fledglings per breeding
attempt than those without red bands. The
amount of variability for which red accounts in
the model was small (r> = 0.015), but the pres-
ence or absence of red accounted for a signifi-
cant proportion of the variance explained by
the model. Our goal was to identify sources of
variation related to band color, not to generate
a predictive model of fledging success. Red-
banded males did not do worse because of more
frequent nest failures (0 fledglings produced).
Of 289 non-red-banded-male breeding at-
tempts, 69 (23.9%) were failures, while 43 (29.2%)
of 147 red-banded-male breeding attempts failed
(x*=147,df=1,P =0.22).

In contrast, the 330 breeding attempts by fe-
males showed an opposite trend. The red-band-
ed females produced, on average, 0.10 more
fledglings per attempt than those without red.
This difference was not significant statistically
(Table 1). There are more males than females
involved in the analyses because young birds
were excluded, and females breed at an earlier
age and have a higher mortality rate than males
(Walters et al. in press). No other colors were
related significantly to fledging success for either
males or females.

It has not been demonstrated whether help-
ers at the nest effect fledging success in Red-
cockaded Woodpeckers. However, to ensure that
the result from the male fledging success anal-
ysis above was not due to helper bias, we com-
pared the number of helpers at red-banded and
non-red-banded males’ nests. The mean num-
ber of helpers per breeding attempt was 0.35
for red-banded males (n = 147) and 0.45 for non-
red-banded males (n = 289). This difference was
not significant (P = 0.12, Wilcoxon 2-sample
test).

Although we restricted our analyses to males
> 2 yr of age, an age bias could still account
for observed differences in fledging success.
However, the mean age of 31 known-aged red-
banded males used in the analysis of males did
not differ significantly from 58 known-aged
non-red-banded males (P = 0.875, Wilcoxon
2-sample test).

Mate choice.—1f red-banded males were per-
ceived as unattractive, then red-banded males
might show a higher mate-switching rate than
non-red-banded males. This was not indicated
by this analysis. Red-banded males showed a
mean annual mate-switching rate of 0.74 (n =
75,1 SD = 0.29) and non-red-banded males had
a rate of 0.76 (n = 142, 1 SD = 0.28). This dif-
ference was not significant (Wilcoxon 2-sample
test, P = 0.76). The switching rates did not differ
significantly for any other colors. Switching
rates of 1 implies a new mate annually.

Occasionally male Red-cockaded Woodpeck-
ers occupy a territory but fail to attract a mate
(Walters et al. in press). An analysis of all after-
hatch-yr males showed no relationship be-
tween the probability of occupying a territory
alone and wearing a red color band (n = 1,017,
x2=1.41,P = 0.24). The absence of a white band
was related to occupying a territory alone, and
white-banded birds were more likely to have a
mate (n = 1,017, x* = 6.32, P = 0.012).

TaBLE2. Number of male and female fledglings pro-
duced by red- and non-red-banded males and fe-
males relative to expected frequencies (parenthetic)
if male presence or absence of red was independent
of fledgling sex ratios.

Female fledgling Male fledgling

Male parent color

Non-red 309 (322.9) 336 (322.1)

Red 142 (128.1) 114 (127.9)
Female parent color

Non-red 323 (321.4) 319 (320.6)

Red 128 (129.6) 131 (129.4)
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TaBLE 3. The probabilities of red-, white-, and light-
green-banded nestlings reaching fledgling age.

Prob.
n fledging  P-value®

Red 530 0.789
Non-red 1,288 0.838 0.011
White 557 0.851
Non-white 1,261 0.812 0.044
Light-green 544 0.794
Non-light-green 1,274 0.837 0.029

> Significance of x? statistic for contingency table analysis.

Offspring sex ratio.—Between 1980 and 1985,
901 fledglings were produced by parents who
were both color-banded. Non-red-banded male
parents produced 47.91% females and 52.09%
males (Table 2). Red-banded males produced
55.47% females and 44.53% males. This rela-
tionship between sex ratio and the presence or
absence of red on the male parent was statis-
tically significant (x> = 4.19, df = 1, P = 0.041).
No other colors showed a significant relation-
ship to offspring sex ratio.

For the same 901 fledglings, non-red-banded
female parents produced 50.31% females and
49.69% males (Table 2). Red-banded females
produced 49.42% females and 50.58% males.
There was no relationship between the pres-
ence and absence of a red band on the female
parent and sex ratio of fledglings (x* = 0.081,
df = 1, P = .776). No other colors had a statis-
tically significant relationship to offspring sex
ratio.

Survival. —With 6 yr of data we were able to
examine age-specific annual survival through
age 5. Red-color-banded nestlings were signif-
icantly less likely to reach the fledgling stage
(Table 3). However, we do not know whether
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the actual death occurred in the nest, or sub-
sequent to fledging and before a researcher vis-
ited the group. Groups were usually visited
within 1 week of the last fledging bird. Red-
banded birds were significantly less likely to
survive from the time of banding as a nestling
to the time of the first sighting as a fledgling.
We did not analyze sexes separately because
nestlings could not be sexed at the time of band-
ing. Nestlings with light-green bands were also
less likely to survive this period, and nestlings
wearing a white band were more likely to sur-
vive this period. Neither relationship was as
strong as that for red bands (Table 3).

There was no relationship between annual
age-specific survival of red- and non-red-band-
ed males through age 5 (Table 4). Similarly, red
bands did not affect the age-specific survival of
females during that time (Table 4). A purple
band was related to an increased probability of
a fledgling reaching age 1 for both males (x* =
4.495, n = 504, df = 1, P = 0.026) and females
(x* = 4.418, n = 481, df = 1, P = 0.036). This
result for purple was not observed for older age
classes, nor did the presence or absence of any
other color relate to age-specific annual surviv-
al.

The question of female age-specific survival
from age 0 to 1 is the same as asking whether
or not females disperse successfully. Most fe-
male Red-cockaded Woodpeckers either dis-
perse to another group or die in their first year
of life (Walters et al. in press). If band color
affects social status or courtship behavior of fe-
males, the presence or absence of a color on
females may influence the probability of be-
coming established in a group at age 1. From
the age-specific survival analyses above we con-

TaBLE4. Annual age-specific survival probabilities in relation to the presence or absence of a red color band.

Red Non-red
Sex Age Prob. n Prob. n P-value®
Males 0-1 0.412 155 0.424 354 1.00
1-2 0.423 78 0.426 162 1.00
2-3 0.417 36 0.452 84 0.84
3-4 0.500 18 0.436 39 0.78
4-5 0.500 2 0.461 13 1.00
Females 0-1 0.282 124 0.322 357 0.43
1-2 0.386 44 0.422 116 0.85
2-3 0.474 19 0.444 63 1.00
3-4 0.461 13 0.409 22 1.00
4-5 0.333 3 0.500 8 1.00

* Fisher’s exact test comparing red to non-red survival.



502

clude that female fledglings wearing purple
bands are more likely to successfully disperse.

DiscUSSION

We found that red color bands used on male
Red-cockaded Woodpeckers can reduce their
fledging success and affect sex ratios of their
offspring. Nestlings with red bands had a lower
probability of being resighted subsequent to
fledging. However, controls normally desired
of a field experiment designed to test the effects
of color bands were not possible. We assumed
that red bands were assigned to individuals in
the population at random. In fact, both indi-
vidual color bands and group colors were as-
signed in a haphazard rather than random fash-
ion (J. Walters pers. comm.). Inspection of the
location of red and non-red individuals re-
vealed no obvious spatial pattern or correlation
with habitat quality. In addition, the mean age
of known-aged red-banded males in the anal-
ysis of male fledging success was not signifi-
cantly different from known-aged non-red
males, nor was there a difference in the number
of helpers to red and non-red males. Thus fledg-
ing success differences between these 2 groups
could not be attributed to age, group-size, or
spatial biases.

In the fledging success analyses breeding at-
tempts by the same individual in different years
were treated as independent observations. We
ignored the fact that some individuals may have
been more fecund than others. The observa-
tions between red and non-red males were in-
dependent because birds never switched band
color categories. There was no difference in the
number of breeding attempts per individual in
the 2 red color categories.

Red-banded males produced significantly
fewer male offspring than males without red
bands. This was consistent with the hypothesis
that red bands are perceived as unattractive, and
females may invest less parental care in male
offspring when mated to an unattractive mate.
This hypothesis could be tested by comparing
time budgets of females mated to red-banded
males with budgets of females mated to non-
red-banded males.

Burley (1986a) found that colors applied to
Zebra Finches that were naturally present in a
congener were “non-preferred,” possibly re-
flecting a role in the evolution of species rec-
ognition. This hypothesis was consistent for the
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Red-cockaded Woodpecker because the male has
less red than males of all other southeastern
U.S. species of woodpecker, and has the unique
ability to conceal it at will. This capability could
have evolved directly as a species recognition
mechanism. It could be a secondary function,
with the development of the original ability to
conceal resulting from some other advantage.
It is unlikely that the concealment evolved by
chance or drift from the more primitive state
of non-concealment. The species recognition
hypothesis is consistent with our hypothesis
that red is unattractive only if the red cockade
is not used in courtship.

An alternative explanation is that the red
cockade functions as a “coverable badge.” Han-
sen and Rowher (1986) assert that the ability to
hide or expose a ““badge,” such as the red epau-
lets of Red-winged Blackbirds (Agelaius phoe-
niceus), confers appropriate benefits to the sig-
naler, depending on the social circumstances.
Although this has not been formally studied in
Red-cockaded Woodpeckers, behavioral obser-
vations (Blue and Repasky pers. comm.) indi-
cate that display of the cockades is correlated
with agonistic encounters with other family
groups and with single intruders.

One reason that red leg bands on male Red-
cockaded Woodpeckers could reduce fledging
success is that red functions as a signal of
aggression, and that this signal (displayed con-
stantly by the leg bands) cannot be concealed
at will. This unintended message could keep
individuals in an abnormally agitated state and
reduce the quality or quantity of parental care
for the nestlings. Further, males with colored
leg bands may incite more intergroup aggres-
sion because of their inability to express sub-
missiveness. If the species recognition hypoth-
esis operated in Red-cockaded Woodpeckers, we
would expect an excess of red-banded males to
occupy territories alone due to female confu-
sion during pair formation.

Color banding is an essential tool for avian
field studies. Therefore, workers must mini-
mize potential effects of color-banding. It would
be wise to avoid the use of colors which accen-
tuate conspecific colors or sympatric congener
colors. In addition, care should be taken to ap-
ply colors to individuals randomly to facilitate
subsequent analyses of possible band effects.
An examination of color-band effects should be
routine, and results should be reported in the
methods that color-band effects were, or were



July 1988]

not, detected. We suggest avoiding the use of
red bands on the endangered Red-cockaded
Woodpecker.
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