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ABSTRACT
The dark barring marking the remiges of some 
wren species appears to be a pattern of especially 
conspicuous feather growth bars.  As such, counts of 
these bars provide an index of feather growth rates.  
If growth rates differ among molts, then the number 
of bars could also serve as an age character.  This 
study used counts of bars to compare feather growth 
rates among the three molts of the Carolina Wren 
(Thryothorus ludovicianus) and determined their 
utility for determining age.  I captured wrens in 
Central Texas over a 9-year period and counted bars 
on remiges.  Primaries grown in the prejuvenile (first 
prebasic) molt grew faster than those grown in the 
preformative and definitive prebasic molts.  At molt 
limits in both primaries and secondaries, replaced 
feathers had a greater number of bars than the adjacent 
retained feather.  This differecce is readily apparent 
and makes molt limits easy to find. Additionally, the 
fifth primary and fifth secondary of wrens in definitive 
basic plumage had more bars than the same feathers 
on birds in juvenile plumage.  Both results indicate that 
the number of bars provides a useful age character for 
this species.  Although there was some overlap between 
age classes, birds in my sample with <10 bars in their 
fifth primary or <7 fifth secondary bars were all age 
HY/SY.  Those with >10 bars on the fifth primary or >8 
bars on the fifth secondary were age AHY/ASY.  For 
Carolina Wrens that lack molt limits, this rule provides 
a means to determine the age of Carolina Wrens that is 
easy to assess and involves little subjectivity.
INTRODUCTION
Flight feathers often show slight variations in 
apparent color that form alternating dark and 
light bands roughly perpendicular to the rachis.  
Known as “growth bars”, a single dark plus an 
adjacent light band typically encompasses the 
area of feather grown during 24 hours (Grubb 
1987) although researchers have reported a 

few exceptions (Grubb 2006).  Narrow spacing 
between growth bars indicates relatively slow 
growth whereas wide spacing is indicative of rapid 
growth when the bird was in better nutritional 
condition and had more energy and materials to 
devote to feather growth. 
Growth bars are usually most visible on 
monochromatic feathers, such as the gray 
rectrices of the Carolina Chickadee (Poecile 
carolinensis) (e.g.,Cimprich and Grubb 1994) and 
can be difficult to discern on those showing a color 
pattern.  Rectrices of the House Wren (Troglodytes 
adeon) are an exception in which the bold pattern 
of narrow black bars on a brown background 
represent unusually conspicuous growth bars 
(Grubb 2006).  Froelich (2003) indicates that the 
black barring on the outer vane of the remiges 
of some wrens also represent growth bars.  To 
back up this assertion, he used the House Wren 
as an example and points out that the bars align 
across feathers in the juvenile plumage, but may 
be misaligned on older birds.  He argued that this 
is because juvenile feathers grow simultaneously 
and, therefore, were all subject to same nutritional 
conditions at the same time throughout their 
growth.  In contrast, older birds grow feathers 
sequentially so that each feather could be subject 
to different nutritional conditions resulting in 
differently spaced bars on adjacent feathers.
Birds potentially experience different and 
perhaps characteristic nutritional conditions when 
completing each of their various molts.  If so, then 
the feathers grown in different molts could have 
different and characteristic feather growth rates 
and bar spacing.  For example, the Carolina Wren 
(Thryothorus ludovicianus) has a complex basic 
molt strategy with three molts:  prejuvenile (first 
prebasic), preformative, and definitive prebasic.  
Differences in several factors including the extent 
of feeding by parents, the number of feathers 
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growing at the same time, and the foraging 
ability of the molting bird could provide the basis 
for differences in nutritional condition among 
these three molts and, likewise, corresponding 
differences in growth bar spacing. Additionally, 
natural selection likely favors rapid feather growth 
during the prejuvenile molt to facilitate the earliest 
possible departure from the nest where young 
wrens are vulnerable to a variety of predators and 
this could further influence growth bar spacing.
This investigation had two objectives. The first 
was to determine whether feather growth rates 
differ among the three molts of the Carolina 
Wren.  If variation in nutritional condition among 
molts is great enough, then the number of growth 
bars could also differ.  If the number of growth 
bars differs then this could provide a useful age 
character.  My second objective was to determine 
the utility of the number of growth bars in the 
remiges as an age character for the Carolina Wren.  
I assumed that either each dark bar was actually 
the dark portion of a growth bar or that the number 
of dark bars had a consistent relationship to the 
METHODS
I captured and banded Carolina Wrens at Fort 
Hood Military Installation in Bell and Coryell 
Counties, Texas, from 2013 to 2020.  These birds 
were lured into a 6-m mist net by broadcasting 
recordings of the scolding calls of the White-eyed 
(Vireo griseus) and Black-capped (V. atricapilla) 
vireos as well as vocalizations of the Eastern 
Screech-Owl (Megascops asio).  Most of my effort 
occurred from March through September.  I tallied 
the number of dark markings (hereafter “bars”)
on the outer vanes of certain remiges, counting 
only those that were visible without moving the 
coverts.  I considered any black or dark gray mark 
to be a bar.  If a bar was partially underneath the 
coverts, then I counted it as half a bar.

To determine whether feather growth rates differed 
among the three molts, I used the number of bars 
on primary 5 (hereafter, “p5”) as an index of that 
rate.  To represent the prejuvenile molt, I used bar 
counts from birds completely in juvenile plumage 
in that molt.  I recognized these birds primarily by 
their loosely textured undertail coverts, a character 

that is particularly obvious in this species.  To 
represent the preformative molt, I used data on 
HY/SY birds that had replaced p5.  To represent 
the definitive prebasic molt, I used data from 
three categories of birds.  I chose these categories 
because I needed to be certain that the resulting 
data would be from birds that were indeed in 
definitive basic plumage.  This was important 
because some HY/SY Carolina Wrens replace no 
remiges in their preformative molt and could be 
mistaken for older birds due to their lack of molt 
limits (Pyle 1997a).  The first category included 
recaptured birds whose original capture was long 
enough in the past that they had to be in definitive 
basic plumage.  The second category included birds 
near the end of what was obviously a complete 
molt.  Because only the definitive prebasic molt 
is complete in this species, these birds had to be 
mostly in definitive basic plumage.  The final 
category included non-molting birds with no molt 
limits but bars that had clear misalignments across 
the remiges.  I compared the three molts using a 
Kruskal-Wallis test followed by Dunn’s multiple 
comparison (Zar 1999).

I did two comparisons to evaluate counts of bars 
as an age character.  First, I considered HY/SY 
birds that had molt limits in their remiges.  I 
counted bars on two adjacent feathers at the molt 
limit, one retained, the other replaced.  I did this 
for molt limits in the primaries as well as those in 
the tertials and secondaries.  To have any utility as 
an age character, the number of bars would have 
to differ across these molt limits.  In this species, 
primaries 9 and 10 and the two inner tertials are 
shorter than the other remiges and, consequently, 
have fewer bars.  I did not include data from birds 
on which the molt limit involved one of those 
feathers.  I also noted the positions of the molt 
limits to evaluate the extent of feather replacement 
in the preformative molt.  I compared the number 
of bars across molt limits separately for primaries 
and secondaries/tertials using Mann-Whitney 
Rank-Sum tests (Zar 1999).
For the second comparison, I examined bars on 
Carolina Wrens in juvenile and definitive basic 
plumage.  Both plumages lack molt limits.  If bar 
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counts are a good indicator of age, then I expected 
these two groups to differ.  I counted the number 
of bars on p5 and secondary 5 (hereafter, “s5”).  
Again, I expected these age groups to differ if the 
number of bars is a useful age character.  These 
data also provided a better estimate for the range 
in number of bars for each age group than the 
molt limit data because I counted them on the 
same feather of every bird.  Again, I compared 
the number of bars using a Mann-Whitney Rank-
Sum test.  I evaluated all statistical results for 
this investigation at α = 0.05 using the program, 
SigmaPlot version 12 (Systat 2011).
RESULTS
As indexed by the number of bars on p5, feather 
growth rates varied among the three molts (H2 = 
67.5, P< 0.001).  Pairwise comparisons detected 
differences between the prejuvenile molt and 
each of the other two molts.  I failed to detect a 
difference between the preformative and definitive 
prebasic molts. 
At the molt limit, retained and replaced primaries 
differed such that all replaced feathers had a 
greater number of bars than the corresponding 
retained feather (U = 9.5, P< 0.001) (Table 1, Fig. 
1).  The relationship was the same for molt limits 
in the secondaries and tertials (U = 14.5, P< 0.001) 
(Table 1).  The average difference in number of 
bars for pairs of feathers at the molt limit was 3.1 
for primaries and 2.1 for secondaries.

Carolina Wrens in definitive basic plumage had 
a greater number of bars on p5 than those in 
juvenile plumage (U = 4.0, P< 0.001) (Table 2).  
The median number of bars was 12 for definitive 
basic plumage and 9 for juvenile plumage.  The 
relationship was the same for s5 (U = 36.5, P< 
0.001) (Table 2) with 9 as the median number of 
bars for definitive basic plumage and 7 for juvenile 
plumage.
Based on the location of molt limits, I determined 
that Carolina Wrens replaced 5-9 primaries and 
1-7 secondaries when their preformative molt was 
incomplete (Table 3).  Most of these birds replaced 
5-7 primaries and 3-4 secondaries (Table 3).

DISCUSSION
Juvenile Carolina Wren remiges consistently had 
fewer black bars than those of later plumages, 
indicating that this character is useful for 
determining age.  The difference in number of bars 
makes molt limits easy to detect in this species.  For 
example, the median difference between replaced 
primaries and an adjacent retained primary was 
large enough to be readily apparent even without 
actually counting (Fig. 1).  Another strength of 
this character is that is can help reveal age when 
no molt limits are present in the remiges.  The 
preformative molt of this species can be partial 
involving replacement of no remiges or only 1-3 
tertials.  If an individual replaces no remiges, then 
no molt limit would be present, but one could 
still easily determine age by counting bars.  A 
further strength of this character is that it is easy 
to assess, requires minimal experience, and lacks 
the subjective aspect of characters like the shape 
of primary coverts.
Juvenile remiges are commonly shorter than adult 
feathers (Alatalo et al. 1984) and so it might seem 
possible for the difference the number of bars 
across molt limits or between age groups to be 
simply a consequence of this length difference.  
However, differences in length are not great 
enough to account for the large differences in the 
number of bars.  When I measured the total length 
of both the replaced and retained primaries at a 
molt limit on one SY bird, the difference was just 
1 mm.  The combined length of one dark plus one 
light bar on the retained feathers of this bird was 
5 mm.  To have four more bars like the adjacent 
replaced feather, it would have to be 20 mm longer. 
It is possible to create simple rules based on the 
results shown in Table 2 for determining the age of 
Carolina Wrens that lack molt limits by excluding 
the zones in which age groups overlap in the 
number of bars.  Thus, wrens having <10 p5 bars 
or <7 s5 bars would be age HY/SY.  Those having 
>10 p5 bars or >8 s5 bars would be AHY/ASY.  
Note that these rules use the word, “or” rather than 
“and”.  This is because I considered the number of 
bars on primaries and secondaries independently 
from one another.  Thus, a given bird does not have 
to satisfy both the p5 and the s5 criteria to fit into 
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an age category.  One is sufficient.  Furthermore, 
no bird I examined had a number of p5 bars that 
fit one age and a number of s5 bars to fit the other.  
In all cases in which a bird did not fit one or both 
p5 and s5 criteria for a single age group, it was 
because the values were in the zone of overlap 
between the groups.
Three Carolina Wrens of known age provide a test 
of the efficacy of the rules detailed in the previous 
paragraph.  None of these birds showed molt limits 
in their remiges and their bar counts were not part 
of the data that I used to create the rules.  I found the 
first bird dead on a road in Preble County Ohio, on 
23 October 2017.  Its incompletely pneumaticized 
skull indicated an age of HY.  Its p5 showed 9 bars 
and its s5 had 7.  Thus, its age would be correctly 
determined by the bar count rules.  Robert Placier 
(pers. comm.) recaptured the other two birds in 
Vinton County, Ohio, on 13 October 2021. Their 
original capture dates were long enough in the past 
that both had to be in definitive basic plumage.  
One had 11 bars on p5 and the other 12 so that 
their age would be correctly determined by the bar 
count rules.  These birds are, admittedly, a small 
sample for validating the rules, but they provide 
tentative support.  Furthermore, the fact that these 
birds were from Ohio, far from my central Texas 
study site, suggests that the rules may apply across 
a large geographic area.

Counts of bars can allow specific age 
determination beyond the time when it is usually 
possible.  For example, I captured an individual 
that was near the end of a complete molt on 18 
September.  The only feathers the bird had yet 
to replace were secondaries 5 and 6.  That it was 
undergoing a complete molt was sufficient for me 
to recognize it as age AHY.  However, both of 
the old secondaries had only five bars, allowing 
me to be assign the more specific age SY.  Pyle 
(1997a) indicates that <5% of SY Carolina Wrens 
can be determined as being that age in September.  
I have observed that Carolina Wrens commonly 
finish their definitive prebasic molt throughout 
September at my location and it seems likely that 
>5% of those completing this molt for the first 
time could be specifically aged as SY based on 

Some of the Carolina Wrens I examined had 
replaced more remiges than expected in their 
preformative molt.  Pyle (1997a, b) indicated that 
these birds could replace 4-6 outer primaries and 
3-6 inner secondaries and tertials.  I examined 
individuals that had replaced 1-3 more primaries 
and one more secondary than this.  Pyle (1997a) 
indicated that southern populations of this species 
undergo a more extensive replacement of flight 
feathers in the preformative molt than northern 
populations.  Thus, the southern location of my 
study site likely accounts for this molt being more 
extensive than previously reported. 

I made two other observations that can amend the 
information in Pyle’s Guide.  This guide indicates 
that juvenile undertail coverts of this species lack 
a barred pattern, but I frequently observed them 
with barring.  Although I recorded no data on its 
frequency of occurrence, my impression was that 
25-33% of juveniles showed barring.  My other 
observation was of wrens replacing the two larger 
alular quills during their preformative molt.  I did 
not check every individual and so I cannot estimate 
the frequency with which this occurred.  However, 
I noticed it on three individuals in September that 
were also actively replacing remiges.  On two, the 
two shorter alular quills were missing.  The third 
was growing all three alula feathers such that each 
was just beginning to break free of its sheathing.  
In each case, alular molt was symmetrical.  To my 
knowledge, this is the first report of a Carolina 
Wren replacing either of the two larger alular 
quills during the preformative molt.

This study provides evidence that Carolina Wren 
remiges grow more rapidly in the prejuvenile molt 
than in subsequent molts.  At present, the only 
other species known to do this is the White-winged 
Snowfinch (Montifringilla nivalis) (Winkler and 
Winkler 1985).  The opposite, juvenile feathers 
growing more slowly than those of succeeding 
molts, is known for four species:  Ring-necked 
Pheasant (Phasianus colchicus), Long-eared Owl 

counts of bars on feathers that had not yet been 
replaced.
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(Asio otus), Siberian Jay (Perisoreus infaustus), 
and Sky Lark (Alauda arvensis) (Sutter 1971, 
Wijandts 1984, Gienapp and Merilä 2010, Jenni 
and Winkler 2020).  Apparently, few researchers 
have compared the relative growth rates of feathers 
in different molts to date, but further investigation 
might elucidate why some species grow juvenile 
feathers relatively rapidly but others do not.

Concerning the Troglodytidae, Pyle (1997a) wrote 
that, “There are few plumage differences among 
the age and sex classes”.  This study provides 
evidence of a previously unknown difference 
in plumage between age classes of the Carolina 
Wren.  It would be worth investigating the utility 
of this character for other wren species.  Indeed, 
bar counts might even be a useful age character for 
other kinds of birds with heavily barred plumage.

Figure 1.  Molt limits in the remiges of Carolina Wrens are readily apparent because replaced feathers have 
a greater number of dark bars than retained feathers.  Black arrows mark the positions of two molt limits in 
the wing of this SY wren photographed on 6 July 2020.  
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Table 1.  Replaced remiges showed more dark bars than adjacent retained remiges at molt limits in 
HY/SY Carolina Wrens.  Figures in cells indicate the numbers of birds that showed various numbers of 
bars.  For simplifi cation, I combined birds showing a half bar with those having the next higher number 
of bars.

Table 2.  Carolina Wrens in defi nitive basic plumage had more dark bars on their fi fth primary and 
fi fth secondary than those in juvenile plumage.  Figures in cells indicate the numbers of birds that 
showed various numbers of bars.  For simplifi cation, I combined birds showing a half bar with those 
having the next higher number of bars.

Table 3.  HY/SY Carolina Wrens in central Texas replaced more remiges in their preformative molt 
than previously reported for the species.  Figures in cells indicate the numbers of wrens that had 
replaced various numbers of feathers.
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