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PTILOCHRONOLOGY REVEALS DIFFERENCES IN CONDITION OF
CAPTIVE WHITE-THROATED SPARROWS

KeNDELL D. JENKINS, Dana M. HAWLEY, CHRISTOPHER S. FARABAUGH AND
DanNiEL A. CrisToL!
Dept. of Biology, P.O. Box 8795, College of William & Mary, Williamsburg, VA 23187

Abstract. Piilochronology is a technique in which the growth rate of a feather is used as
an assay of a bird's condition. Two important questions remain regarding this decade-old
technique: (1) Does the daily rate of feather growth correspond very closely with changes
in nutritional status during feather growth? and (2) For which stressors can ptilochronology
be used as a reliable assay? Using an experimental manipulation of diet, we tested the
effectiveness of ptilochronology for assessing nutritional condition in male White-throated
Sparrows (Zonotrichia albicollis). Our hypothesis was that birds given an ample diet would
be in better condition than those given a subsistence diet, as indicated by faster feather
growth. In a second experiment, we examined the effect of a stressor, low social status, on
feather growth. We expected that dominant birds would be in better condition and regrow
feathers faster than subordinates because of their priority of access to food. Birds fed an
enriched diet weighed more, grew longer feathers, and had wider growth bars than birds
receiving a diet lower in protein and calories. Dominants retained more fat than subordinates,
but did not grow significantly longer feathers or wider growth bars. However, within flocks,
the differences in social status between the birds corresponded to differences in growth-bar
width. Our results support the validity of ptilochronology for dircctly detecting differences
in nutritional status during feather regrowth, and point to a likely influence of social status,
a density-dependent ecological stressor, on feather growth rates.

Key words: dominance, feather growth, nutrition, ptilochronology, social status, Zono-
trichia albicollis.

La Ptilocronologia Revela Diferencias en la Condicion de Individuos de Zonotrichia albicollis
en Cautiverio

Resumen. La ptilocronologia es una técnica en la que la tasa de crecimiento de una
pluma se utiliza para examinar la condicion fisica de un ave. Dos preguntas sobre esta
técnica desarrollada hace una década permanecen abiertas. Primero, jestd la tasa diaria de
crecimiento de las plumas relacionada estrechamente con cambios en el estatus nutricional
de las aves durante el crecimiento de las plumas? Segundo, ;para cudles agentes causantes
de estrés puede usarse la ptilocronologia como un examinador confiable? Mediante una
manipulacion experimental de la dieta, pusimos a prueba la efectividad de la ptilocronologia
para determinar la condicién nutricional de machos de Zonotrichia albicollis. Nuestra hi-
pétesis era que aves con una dieta rica estarfan en mejor condicién que aves con una dieta
de subsistencia, lo que seria indicado por un crecimiento mds rdpido de las plumas. En un
segundo experimento, cvaluamos el efecto de un factor de estrés (bajo estatus social) en el
crecimiento de las plumas. Esperdbamos que las aves dominantes estuvieran en mejor con-
dicién y que sus plumas crecieran mds rdpidamente que las de aves subordinadas debido a
su acceso prioritario al alimento. Las aves con dieta rica pesaron mds, desarrollaron plumas
mds largas y tuvieron barras de crecimiento mds amplias que las aves que recibieron una
dieta con menor contenido de proteinas y calorias. Las aves dominantes retuvieron mds
grasa que las subordinadas pero no desarrollaron plumas significativamente mds largas ni
barras de crecimiento mas amplias. Sin embargo, al interior de bandadas, las diferencias en
estatus social entre las aves se reflejaron en diferencias en la amplitud de las barras de
crecimiento. Nuestros resultados apoyan la validez de la ptilocronologia para detectar di-
ferencias en estatus nutricional durante el periodo de crecimiento de las plumas directamente
y apuntan a una probable influencia del estatus social (un factor ecoldgico denso-dependiente
causante de estrés) sobre las tasas de crecimiento de las plumas.

INTRODUCTION adopted as a technique for evaluating nutritional
condition in birds based on the width of sequen-
tial bands, called growth bars, on feather vanes
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During the last decade, ptilochronology has been
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24 hr of growth (Riddle 1908, Michener and
Michener 1938), and their width represents the
rate of growth of the feather Ptilochronology as-
sumes that feather growth is related to nutrition-
al status, and has been used as a proxy for over-
all condition and an assay for ecological stress-
ors (Grubb 1995).

Despite wide acceptance, criticism has been
leveled at the technique of ptilochronology.
Growth bars are often difficult to see, and the
majority of successful applications of the tech-
nique have been carried out by only a few in-
vestigators. More importantly, Murphy and King
(1991) found that “Only lethal kinds or levels
of nutritional privation consistently slowed
feather growth. Moderate or even severe suble-
thal privation did not produce consistent effects
on feather growth.” In addition, Murphy (1992)
argued that the technique involves too many un-
tested assumptions and unresolved limitations,
and that not enough is known about the role of
nutritional condition in feather growth rate.

Two fundamental questions must be resolved
before ptilochronology can be applied as a tech-
nique rather than a hypothesis (Murphy 1992).
First, does growth-bar width correspond closely
enough to nutritional status to be used as a re-
liable record of condition during feather re-
growth? Second, if ptilochronology does mea-
sure these changes in nutritional status, which
types of ecological stressors, if any, can be re-
liably detected with this technique?

To evaluate the reliability of ptilochronology
as an indicator of nutritional status, we measured
feather growth rates in captive White-throated
Sparrows (Zonotrichia albicollis) using a manip-
ulation of diet. We predicted that feather growth
rates would be higher for birds of better nutri-
tional status, which would support the use of
ptilochronology as a direct assessment of con-
dition. In a separate experiment, we examined
whether ptilochronology could detect stress re-
sulting from low social status in captive flocks
of White-throated Sparrows. This species is
known to establish dominance hierarchies on the
wintering grounds (Falls and Kopachena 1994).
Dominant birds have greater access to resources
because they can feed at safer sites and times of
the day and can supplant subordinates from food
(Schneider 1984, Piper 1990, Piper and Wiley
1990). Free-living dominant White-throated
Sparrows had greater fat rescrves and higher
survival between years than subordinates (Piper

and Wiley 1990), but no one has measured the
direct effect of social status on feather growth
rates in this species. We tested the prediction
that dominant birds would have higher feather
growth rates than subordinates.

METHODS
EXPERIMENT [: DIET AND FEATHER GROWTH

The purpose of experiment 1 was to determine

~ whether differences in nutritional status could be

detected as differences in feather growth rates.
From 18 January to 2 February 2000, 72 White-
throated Sparrows were captured in a 4-ha wood
lot in Williamsburg, Virginia. Unbaited mist nets
and baited ground traps were used at three trap-
ping stations 100 m apart along the edge of the
woodlot. Only birds with =74-mm unflattened
wing length were used, which eliminated varia-
tion due to sex since birds this size arc known
to be males (Piper and Wiley 1991). Age could
not be determined reliably in late January when
we caught most of these birds (Pyle 1997). We
randomly assigned the birds to one of two large
outdoor cages located adjacent to the woodlot
(8.3 X 2.4 X 2.1 m [height]). The birds accli-
matized to the cages for 10-14 days before the
diet manipulation commenced.

Beginning 10 February, one cage of birds (n
= 36) reccived a subsistence diet for the dura-
tion of the experiment, while the other group (n
= 36) received a diet more than sufficient in
quantity and quality. The group receiving the
subsistence diet (hereafter Low) was given 200
g daily of food containing four parts cracked
corn, thrée parts white millet, and two parts red
millet in eight food dishes. This quantity was
slightly in excess of the birds’ caloric needs,
based on the observation that there was a small
amount of grain, usually just corn, left in the
dishes each morning. Spilled grain was always
removed before refilling dishes so that a consis-
tent amount of food was available, and so that
less-preferred seeds would not accumulate. The
birds recetving the ample diet (hereafter High)
were given 500 g daily of a mixture containing
four parts cracked corn, three parts white millet,
two parts red millet, two parts sunflower hearts,
one part thistle, and one part high-protein turkey
starter, as well as 2-3 Tenebrio larvae per bird,
and ad libitum carrots, boiled eggs, and parsley,
also in eight food dishes, such that preferred
foods were available to all birds at all times.




This quantity was far in excess of the birds’ ca-
loric needs based on the amount of seed left at
the end of each day. Spilled food was allowed
to remain for several days to increase availabil-
ity away from the food dishes. Both groups re-
ceived ad libitwm vitamin/mineral fortified wa-
ter, grit, and cuttlefish bones.

On 7 February, between 09:00 and 12:00, we
weighed each bird and scored their furcular tat
deposits (on a scale of 0-5), and then plucked
their two outermost right rectrices (in case of
damage to one of the replacement feathers).
Thereafter, birds were handled only once every
seven days, at approximately 10:00, to check
health and obtain a fat score and mass. After 52
days in captivity, one induced rectrix was pulled,
allowing us to measure the length and growth-
bar widths of the original and induced feathers.
We measured the outermost rectrix unless it was
damaged (n = 3), in which case we used the
penultimate original and induced feathers. Birds
were released at site of capture at the end of the
experiment.

To measure feather growth rate we followed
Grubb’s (1989) procedure: (1) the feather was
attached to a card; (2) a point one-third of the
distance from the distal end was marked; (3) the
edges of the ten growth bars centered on this
point were marked on the card with size O in-
sect-mounting pins; and (4) the width of each
growth bar was measured to the nearcst 0.1 mm
with dial calipers and the mean calculated. If
fewer than ten growth bars could be detected,
the mean of all detectable bars was used instead.
This procedure was carried out by an observer
who was blind to the treatments, with original
and induced feathers for all birds. In addition,
the length of all feathers was measured from the
distal end to the superior umbilicus. Since most
of the feathers from Low birds had not com-
pleted regrowth, while most of those from High
birds had recently completed regrowth, total
length produced in 52 days provided a highly
conservative comparison of growth rate.

EXPERIMENT 2: SOCIAL STATUS AND
FEATHER GROWTH

Because we found a strong relationship between
nutritional condition and feather growth in ex-
periment 1, we examined the data from a pre-
vious study (experiment 2) for evidence of a re-
lationship between social status and feather
growth rate. As there is ample evidence from
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free-living White-throated Sparrows that domi-
nants have greater access to food, we predicted
that ptilochronology would detect lower feather
growth rates in subordinates. White-throated
Sparrows were caught between 6 January and
28 February 1999 in the same woodlot as de-
scribed above. Our sample consisted mainly of
males (all wings =72 mm) that were either year-
lings caught early enough to detect incomplete
skull ossification (n = 42) or of unknown age
(n = 14). Fourteen flocks of four sparrows with
unique color-band combinations were estab-
lished in outdoor cages adjacent to the woodlot
(3.1 m % 2.4 m X 2.1 m). A separate study had
established with reasonable certainty that the
colors of bands we used did not have detectable
effects on dominance status (Johnson 1999).
Dominance hierarchies were observed from
09:00-12:00 for two days (until all birds had
interacted aggressively at least five times and
one member of each dyad had won >90% of the
interactions). Each bird was then given a domi-
nance score based on the proportion of flock-
mates dominated. The difference in proportion
of flockmates dominated by the highest and low-
est-ranked birds differed between flocks as a re-
sult of ties and nonlinearities and is a measurc
of the degree of despotism.

The penultimate rectrix on both sides of the
tail was pulled. This method left the outer rectrix
in place to prevent abrasion of replacement
feathers, but was not used in experiment 1 be-
cause it was difficult to monitor accurately the
replacement of penultimate feathers without
handling birds. Replacement feathers were al-
lowed to regrow for 36 days, during which the
flock was left entirely unhandled and undis-
turbed except for brief, twice-daily feedings
(09:00 and 14:00). Flocks were given a total of
35 g of corn, millet, sunflower hearts, thistle,
and turkey starter mash, and eight Tenebrio lar-
vae daily in one dish. This resulted in ad libitum
availability of less preferred food items such as
corn, while preferred items such as Tenebrio lar-
vae, sunflower hearts, and thistle ran out ap-
proximately one hour after cach feeding. We
provided 9.5 g of extra seeds on cold days (high
temperature <0°C).

To determine if dominance hierarchies result-
ed in differential access to food, we conducted
foraging observations three times per flock be-
tween 09:30 and 12:00 at seven-day intervals.
Each flock was deprived of food for one hour,
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and then the following variables were recorded
for each bird: time spent waiting within 0.2 m
of food while another bird occupied the dish,
time spent on food dish, number of visits to food
dish, latency to enter food dish, number of Te-
nebrio larvae obtained, latency to eat first Te-
nebrio larva, and number of pecks while on food
dish.

Ptilochronology was carried out as described
for experiment 1, except that two rectrices were
measured instcad of one. When birds regrew
both rectrices the average of the two feathers
was used. If only one rectrix regrew (n = 2) that
one measurement was used. When either the
dominant or subordinate did not replace either
plucked feather (n = 10), the next closest bird
in the dominance hierarchy was used as a sub-
stitute. Because all induced feathers were col-
lected before growth was complete, we used to-
tal length produced in 36 days to determine
growth rate. Stored fat reserves and mass were
measured at approximately 10:00 on the days
that the original and induced feathers were
pulled. Because all birds in each flock replaced
their feathers under identical conditions, but
flocks may have differed somewhat in environ-
mental factors (for example exposure of cages
to sunlight) we used a paired statistical design
comparing only the differences between the
dominant and subordinate in each flock. To
eliminate any differences between flocks that
might have arisen from differential degrees of
despotism, we used linear regression to examine
whether flocks with greater differences in dom-
inance scores between the dominant and subor-
dinate birds also had greater differences in feath-
er growth rate between these birds.

STATISTICAL ANALYSES

Analyses were performed using JMP (SAS In-
stitute 1995). Two-tailed r-tests were used for
two-sample comparisons except where data did
not conform to a normal distribution. We used
nonparametric Wilcoxon rank-sum tests when
data could not be normalized. We used ANCO-
VA to compare length or growth-bar width of
induced feathers between treatments in experi-
ment 1 using length, or growth-bar width, re-
spectively, of the original feathers as the cova-
riate. We used paired r-tests to compare vari-
ables for dominant and subordinate birds from
the same flock in experiment 2. When compar-
ing induced feathers we divided by the corre-

sponding measurement from each bird’s original
feather to correct for size, and then proceeded
with paired tests. We used linear regression to
examine the relationship between difference in
rank and difference in induced feather length or
growth-bar width in experiment 2. For these re-
gression analyses we corrected induced length
or growth-bar width by the corresponding values
from the original feathers to correct for size dif-
ferences. Data are presented as untransformed
means * SD in the text (means * SE in the
figure).

It should be noted that experiment | was
pseudoreplicated: all birds from one treatment
were housed together in a large cage, while
those from the other treatment were housed to-
gether in an adjacent cage of identical dimen-
sions and layout. We used this experimental de-
sign because we wanted to measure the respons-
es of birds living in a semi-natural setting where,
for example, they could engage in social inter-
actions with familiar flockmates, experience nor-
mal weather fluctuations, compete for food, and
exercise their flight muscles extensively. As a
result, we violated the assumption that every
bird was an independent data point and our sta-
tistical conclusions must be interpreted with cau-
tion. We hope that what we sacrificed in statis-
tical rigor by not caging birds separately was
more than balanced by increased applicability of
our results to free-living birds.

RESULTS
EXPERIMENT 1: DIET AND FEATHER GROWTH

The High and Low diet birds did not differ in
fat scores at either the beginning or end of the
treatment (Table 1). Both groups of birds de-
clined in fat score, and this change did not differ
significantly between groups (Wilcoxon rank-
sum test, Z = 1.5, n = 71, P = 0.13). At the
start of the experiment there was no difference
in body mass of the two groups; however, by the
end the High birds weighed significantly more
than their Low diet counterparts (Table 1).

All birds replaced their plucked rectrices.
While the lengths of the original feathers of the
two groups did not differ, the induced feathers
of the High birds grew significantly longer than
those of the Low birds (Table 1). Likewise, there
was no difference between groups in the width
of the growth bars of the original feathers (z,, =
1.6, P = 0.13), but the induced growth bars of



TABLE 1. Comparisons of fat, mass, and feather
growth for White-throated Sparrows receiving an am-
ple dict (High, n = 36) or subsistence diet (Low. n =
35) in experiment 1.

Treat- Test
ment Mean * SD statistic P
Fat score
Start High 1907 19 0.06
Low I15+09
End High 03 +08 03 >0.5
Low 03 £0.5
Mass (2)
Start High 21 +19 04 >0.5
Low 284 =22
End High 259 =19 29° <001
Low 246 = 19
Feather length (mm)
Original ~ High 706 =24 120 0.23
Low 713 =19
Induced High 69.1 =27 36.5¢ <0.001
Low 625 % 6.1

a Wilcoxon rank-sum tests, 7.
b rtest.
¢ ANCOVA, Fys.

the High group were significantly wider than
those of the Low birds (f, = 6.7, P < 0.001;
Fig. 1).

EXPERIMENT 2: SOCIAL STATUS AND
FEATHER GROWTH

As predicted, subordinates spent significantly
more time than dominants waiting near the food
dish while another bird occupied it, and made
significantly more visits to the food bowl than
dominants (Table 2). There were no rank-related
differences in other measured feeding variables
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FIGURE 1. Original and induced growth-bar widths
(+ SE) for White-throated Sparrows fed an ample diet
(High, n = 36) or a subsistence diet (Low, n = 35).

(Table 2). Dominant and subordinate sparrows
differed in change in fat scores, with subordi-
nates decreasing and dominants increasing lev-
els of stored fat over the 36 days of the exper-
iment (f,, = 2.3, P < 0.05; Table 3). Fat score
did not differ by social rank at the start of the
study and, although subordinates lost fat during
the experiment and dominants gained, this ap-
parent difference was not significant (Table 3).
The mass changes of the two groups did not dif-
fer (t;, = 1.9, P = 0.08) with the result that
dominants did not weigh significantly more than
subordinates at the end of the experiment (Table
3). These data suggest that the diet and degree
of competition for the food bow] were austere
enough to push fat reserves of dominants and
subordinates in different directions, but not se-
vere enough to produce significant differences
in fat or mass.

The mean length or growth-bar width of in-
duced feathers did not differ between dominant
and subordinate birds across all flocks (Table 3).

TABLE 2. Comparisons of foraging by the dominant (D) and subordinate (S) individuals from 14 captive

flocks of White-throated Sparrows in experiment 2.

Status Mean = SD t P

Time around food (sec) b 31263 2.2 <0.05
S 214 =359

Time on food (sec) D 573 £ 324 0.9 0.39
S 68.5 * 304

Number of visits to food D 32+ 16 2.5 <0.05
S 44 22

Latency to food (sec) D 186.8 = 130.3 0.1 >0.5
S 183.7 £ 174.8

Number of Tenebrio D 06 £05 1.2 0.26
S 0.9 +09

Latency to Tenebrio (sec) D 440.3 * 136.8 0.9 0.38
S 3504 = 240.7

Peck rate (pecks sec!) D 0.6 = 0.1 0.3 >0.5
S 06 £ 02
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TABLE 3. Comparisons of feather growth and con-
dition parameters for dominant (D) and subordinate (S)
White-throated Sparrows from 14 captive flocks in ex-
periment 2. Means of dominants and subordinates did
not differ significantly (all ¢ < 1.7, all P > 0.11)

Status Mean = SD

Start fat score D 14 +05
S 1.6 = 0.6

End fat score D L7 £ 0.7
S 1.3 207

Start mass (g) D 270 = 1.4
S 274 £ 1.7

End mass (g) D 272 =27
S 268 + 2.5

Original length (mm) D 785 £ 23
) S 789 £ 25
Induced length (mm) ) D 62.2 £ 10.3
S 60.0 = 11.3

Original growth-bar width (mm) D 32 0.2
S 32203

Induced growth-bar width (mm) D 2.6 =03
S 26 =02

The difference between dominants and subordi-
nates in feather length was significantly related
to the difference in ranks (2 = 0.31, F,,, = 5.0,
P < 0.05; Fig. 2), indicating that in flocks with
a high degrec of despotism the dominants grew
feathers faster than subordinates, while that was
not the case where dominants were less despotic
toward lower-ranking birds. However, this pat-
tern was pot apparent for measures of growth-
bar width (»? = 0.09, F|, = 0.9, P = 0.38),
indicating that the daily growth bars we mea-
sured were not responsible for the relationship
between overall length produced and degree of
despotism.

DISCUSSION

As predicted, birds in one large flock provided
with more and better food were heavier and
grew feathers faster than birds in another large
flock held under identical conditions but on a
diet lower in quantity and quality. This finding
supports the fundamental assumption of piilo-
chronology, that diet influences nutritional con-
dition, which in turn affects feather growth on a
regular basis. Since replacing feathers is a pro-
ductive process and requires excess energy and
nutrients (King 1974, King and Murphy 1985),
it is not surprising that feather growth varies ac-
cording to nutritional condition. However, stud-
ies on a congener of our study species failed to
find consistent effects of nutrition on feather
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FIGURE 2. Relationship between difference in the
size-corrected induced feather length and difference in
dominance score within 14 flocks of White-throated
Sparrows (y = 0.59x — 0.33). Flocks with greater de-
grees of despotism had greater differences in feather
growth rates.

growth rate. White-crowned Sparrows (7. leu-
cophrys) maintained on various marginal diets
or deprived of specific amino acids lost body
mass, but showed no consistent, significant de-
clines in feather growth rates {Murphy and King
1991). Our results agree with two other studies
on captive birds in which inadequate quantity
(Grubb 1991} or protein content (Pehrsson 1987)
slowed feather regeneration, and thus our data
provide additional support for the basic assump-
tion of ptilochronology. The fact that mass dif-
fered at the end of the experiment between birds
on our ample and subsistence diets, but stored
fat reserves did not differ (both were low), sug-
gests that birds on the subsistence diet had me-
tabolized some muscle, but we did not measure
muscle mass. We conclude that feather growth
rates can be used to assay nutritional condition
over periods of weeks or months under semi-
natural living conditions ranging from chronic
food restriction to ad libitum resources.

In a second experiment with 14 small captive
flocks, subordinates made more visits to food
dishes and spent more time near but not in them,
suggesting that they were foraging less efficient-
ly than dominants. Dominant birds gained fat
and subordinates lost it during the course of the
experiment, consistent with results from free-liv-
ing White-throated Sparrows (Piper and Wiley
1990). When interflock differences in despotism
were controlled, the data supported our predic-
tion that dominants would grow feathers faster
than subordinates, although this was true only
for feather length, not growth-bar width, Despite
these differences, several other measures of for-
aging success, including time in food dish, failed
to indicate greater access to food for dominants



under our experimental conditions. In addition,
the rank-related difference in direction of change
in fat reserves did not result in differences in
mass or fat at the end of the experiment. We
conclude that we probably produced only slight
differences in access to resources, severe enough
that subordinates spent more time waiting for
food, but mild enough that nutritional condition
and feather growth were affected only in flocks
with highly despotic dominant birds.

There have been several previous studies that
used ptilochronology to directly measure the ef-
fects of dietary manipulation, and the technique
has succecded in detecting the predicted effects
in most cases (e.g., Grubb and Cimprich 1990,
Waite 1990, Nilssen et al. 1993; but see Murphy
and King 1991). Ptilochronology has also been
used previously as an assay for the effect of an
ecological stressor on condition. For example,
numerous studies on social organization or hab-
itat quality have detected the predicted effects
(Hogstad 1992, Grubb and Yosef 1994, Carlson
1998, Carrascal et al. 1998). In contrast, a sim-
ilar number of studies on increased molt or re-
productive effort have revealed no effect on
feather growth (Mauck and Grubb 1995, Lang-
ston and Rohwer 1996, QOgden and Stutchbury
1996, Scnar et al. 1998; but see White et al.
1991). Likewise, a number of studies on climatic
variables, both specific (wind chill) and more
general (region or season) have failed to detect
consistent effects. For instance, White-crowned
Sparrows grew feathers more slowly in cold
temperatures (Murphy and King 1991), but wind
chill did not slow growth of White-breasted Nut-
hatch (Sitta carolinensis) feathers (Zuberbier
and Grubb 1992). In another example, feather
length, but not growth-bar width, was affected
by day length in American Tree Sparrows (Spi-
zella arborea; White and Kennedy 1992). Thus,
ptilochronology has reliably detected ecological
stressors originating from changes in density-de-
pendent factors such as territory size, soctal
rank, or degree of competition, but not neces-
sarily those stressors related to density-indepen-
dent factors such as wind chill or day length, or
internal physiological changes such as molt or
reproductive effort.

In experiment 1, birds on better diets weighed
more and grew longer replacement feathers with
wider growth bars than their counterparts main-
tained on a protein and calorie-restricted, but not
lethal, diet. Our results, along with those of oth-
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ers in the literature, validate the use of ptilo-
chronology to assay nutritional condition in
birds. In experiment 2, we found that under a
dietary regime severe enough only to cause sub-
ordinates to wait for food, rank-related differ-
ences in feather growth were detectable when
interflock differences in despotism were con-
trolled statistically. Clearly, ptilochronology can
detect changes in nutritional condition. including
those brought about by certain stressors, such as
subordinate social status, but effects may be sub-
tle. Numerous studies (examples cited above)
suggest that some types of ecological stressors,
such as those resulting from climate. molt or re-
productive effort, are not consistently detected
by ptilochronology. We conclude that only cer-
tain stressors, possibly those that are density-de-
pendent, diminish nutritional condition in ways
that affect feather growth. Practitioners of ptilo-
chronology should use the technique as an assay
only for those stressors that it can detect reliably,
and future research should be directed at length-
ening the list of reliably detectable stressors.
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