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ABSTRACT
Ambiguity exists concerning the extent of the 
preformative molt in the White-eyed Vireo (Vireo 
griseus).  Some published sources indicate a complete 
molt of primaries, whereas others describe it as 
incomplete. Likewise, contradictory information 
exists concerning whether these birds replace any 
primary coverts.  I sought to clarify this information by 
examining birds at a site in Texas relatively far south 
in the breeding range. I expected molt to be relatively 
extensive and reveal the greatest possible degree of 
feather replacement in this molt.  Data came from two 
sources.  The first was the molt limits in the wings of 
second-year birds captured in the spring.  These mark the 
extent of the preformative molt because this species has 
no intervening prealternate molt.  When no molt limits 
exists within a feather group, it is difficult or impossible 
to determine whether this condition resulted from the 
replacement of no feathers or all feathers.  Therefore, 
I collected data on preformative molt in progress in 
hatching-year birds as a second source of information.  
This would reveal the starting point of molt, and I could 
infer its endpoint given certain assumptions.  I found 
evidence that most White-eyed Vireos replaced six to 
ten primaries and that about half replace some primary 
coverts.  Although most replaced three to six tertials 
and secondaries, some could replace all nine.  For 
each feather group I examined, I found evidence that 
the birds could replace more feathers than described by 
Pyle’s (1997a) guide.  Similarly, I observed White-eyed 
Vireos beginning the preformative molt at least one 
month earlier than previously reported.  Both may be a 
consequence of the southern location of my study area.

INTRODUCTION

Young White-eyed Vireos (Vireo griseus) 
undergo a preformative molt after becoming 

independent of their parents but before the 
initiation of their first fall migration (Hopp et al. 
1995).  Like other vireo species and, indeed, many 
passerines, these birds replace juvenile head and 

body feathers, secondary coverts, and tertials at this 
time (Pyle 1997a).  However, this molt is typically 
more extensive than that of other vireo species in 
that it regularly includes the replacement of several 
primaries (Pyle 1997b).  Currently, only Bell’s 
(Vireo bellii) and Black-capped (V. atricapilla) 
vireos are known to renew some primaries in this 
molt, although neither does this as regularly as the 
White-eyed Vireo (Pyle 1997b, Cimprich 2019a).
Published accounts are contradictory concerning 
the extent of the preformative molt of the White-
eyed Vireo.  Dwight (1900) wrote that this molt 
is complete, but information provided by later 
authors contradicted this.  Thompson (1973), 
George (1973), and Lloyd-Evans (1983) agreed 
that the species replaces at least some primary 
coverts.  In contrast, Pyle (1997a) indicated, 
“the primary coverts are retained.”  Further 
disagreement concerns the number of primaries 
replaced.  Thompson (1973) examined several 
young White-eyed Vireos that were actively 
growing 2-3 primaries.  Although he refers to these 
as “undergoing a complete post-juvenal molt”, 
he also confusingly wrote that some individuals 
of a species with a complete molt may fail to 
replace all feathers.  George (1973) also observed 
replacement of some primaries and concluded that 
these birds replace “most and probably all” of their 
primaries.  In their account of the species, Hopp 
et al. (1995) cited the work of both Thompson 
and George and wrote that these birds replace 
all primaries from “innermost to outermost”.  In 
contrast, Lloyd-Evans (1983) also observed young 
birds growing some primaries but concluded that 
the birds replaced only a block of the outermost 
feathers.  Likewise, Pyle (1997a, 1997b) specified 
a partial replacement of primaries in an eccentric 
pattern.
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My goal was to clarify the extent of the preformative 
molt in the White-eyed Vireo.  To accomplish this, 
I sought to sample a population that would molt 
to the greatest extent possible.  I collected data 
on these vireos in central Texas.  Pyle (1997a) 
asserted that southern populations of this species 
undergo a more extensive replacement of flight 
feathers in the preformative molt than northern 
populations.  Consequently, a study far south in 
the species’ breeding range in Texas could reveal 
the maximum number of feathers that these birds 
would replace.
METHODS
My approach was to collect data on the plumage 
of second-year (SY) birds in the spring as well as 
hatching-year (HY) birds in the summer.  White-
eyed Vireos have no prealternate molt (Pyle 
1997a) and so the molt limits (sensu Jenni and 
Winkler 1994) in the plumage of SYs result solely 
from preformative molt.  I recognized molt limits 
by the methods of Froehlich (2003), primarily by 
the presence of relatively faded, worn feathers 
adjacent to others that were brighter and less worn.  
However, if a bird showed no molt limit within a 
feather group, it would be difficult to determine 
whether this was the result of the replacement of 
all feathers or no feathers.  Furthermore, I found 
that molt limits among the primaries of this species 
could be subtle and often difficult to recognize.  
Lloyd-Evans (1983) reported the same difficulty.  
Thus, a wing with primaries that appeared uniform 
in color and wear could consist of (1) all retained 
feathers, (2) all replaced feathers, or (3) a mixture 
of both with a molt limit that I was unable to 
perceive.  I was partially able to overcome this 
difficulty by examining HY birds that were in the 
process of molting.  The missing or partially grown 
quills of these birds unambiguously showed that 
they were replacing those feathers.  Additionally, 
the HYs afforded larger samples than SYs, because 
they were often abundant and easily captured.
I conducted this investigation at Fort Hood 
Military Installation in Bell and Coryell counties.  
I examined 103 SY White-eyed Vireos from March 
through July, 2008-2020 although I failed to collect 
data on all feathers groups for some of the birds in 
the early years.  From June through September in 

the years 2007-2019, I captured and examined 310 
HYs.  I lured all of these birds into a 6-m mist net 
by broadcasting Eastern Screech-Owl (Megascops 
asio) vocalizations or the scolding calls of the 
White-eyed Vireo, Black-capped Vireo, or Black-
crested Titmouse (Baeolophus atricristatus).  I 
examined the right wing of each bird for evidence 
of past (SY) or current (HY) molt.  In some cases, 
I also examined the left wing to verify that an 
unusual pattern was the result of molt rather than 
accidental feather loss.  If the wings did not both 
have the same pattern, then I did not collect data 
for that individual.
For SY, I examined the primaries, secondaries, and 
primary coverts and, if molt limits were present, I 
noted which feathers the birds had replaced.  For 
HY,  I gave each primary and secondary a score using 
the system described by Ginn and Melville (1983).  
These range from 0-5 as follows:  0 - complete old 
feather, 1 - missing or in pin, 2 - up to 1/3 grown, 
3 - up to 2/3 grown, 4 - greater than 2/3 grown 
but not complete, 5 - complete new feather.  I also 
noted any evidence of primary covert replacement.  
I numbered primaries such that the first was the 
innermost and tenth the outermost.  I numbered 
secondaries and tertials as a single feather group 
with the first as the outermost secondary and ninth 
as the innermost tertial.

I could only use subsets of the total HY sample to 
determine the extent of molt for each feather group 
because of limitations imposed by assumptions 
that I made.  These assumptions were necessary 
because of two issues.  The first is that when I 
examine an HY bird, I only see the progress of 
its molt at that instant.  These birds may have 
completely replaced feathers before I examined 
them or may continue to replace feathers afterward.  
The second issue affected both age groups.  This 
was that completely grown replaced primaries 
(score 5) were often difficult for me to distinguish 
from old, retained feathers (score 0) and I would 
need to avoid confusing the two.   I describe my 
assumptions stemming from these issues below.
Primaries.  I determined the number of primaries 
that SY White-eyed Vireos had replaced based on 
the location of molt limits.  This method had two 
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limitations.  First, any individuals that replaced all 
ten primaries would be indistinguishable from those 
that retained all ten and so I could not determine 
the frequency of those two conditions.  Molt limits 
in the primaries of many individuals were barely 
discernable to me.  This raised the possibility that 
I may have been unable to detect some molt limits.  
This factor limited my sample to only those birds 
on which a molt limit was apparent to me.
To use data from HY, it was necessary to make 
assumptions about the start and endpoints of primary 
molt.  I observed no evidence to contradict the idea 
that these young birds molt primaries sequentially 
to replace a complete block of adjacent feathers.  
To identify that block, I needed to know both its 
starting and ending points. I needed a method 
that would not depend on my ability to correctly 
distinguish feathers with score 0 from those with 
score 5.  Molting birds often had several adjacent 
primaries growing at the same time, each at a 
different stage.  I wondered if it was possible for 
a primary to grow so rapidly that it could achieve 
score 5 (100% grown) when the next feather 
outward from it had only achieved a score 1-3 (0 
to 67% grown).  If this situation was sufficiently 
uncommon, then I could reasonably assume that 
a feather with score 1-3 and a completely grown 
feather adjacent to it on its inner (proximal) side 
would mark the starting point of molt.

To test this assumption, I examined molt scores 
of adult White-eyed Vireos during their prebasic 
molt.  This molt occurs at the same time HYs are 
undergoing preformative molt.  Because adults 
replace all primaries starting with the innermost, 
any fully grown primary on the proximal side of 
a growing primary must necessarily be one with 
score 5.  I determined how frequently these score 5 
feathers were adjacent to ones with a score 1-3.  If 
there were many of these, then this would invalidate 
my assumption about identifying the starting point 
of HY primary molt.  Out of 170 molting adults, 
there were only three such cases (<2%).  This 
result supports my assumption, which, therefore, 
should have a low error rate.  Any failures of the 
assumption would cause me to underestimate the 
extent of HY molt rather than overestimate.

Next, I needed a rule to determine the endpoint of 
primary replacement for molting HYs.   I considered 
a sample of 35 SYs for which I was confident 
about which feathers the birds had retained and 
replaced.  All of these birds had replaced primaries 
from their starting point outward to the outermost 
primary.  This provided evidence that I could 
reasonably assume that the endpoint would always 
be the outermost primary.  Pyle (1997a) reported 
that primary replacement in HY White-eyed Vireos 
could arrest before replacement of the outermost 
primary, but I observed no evidence of this and 
assumed it would be rare.

It was impossible with the data from HY birds 
to estimate how frequently individuals retain all 
ten primaries.  Birds apparently having uniform 
primaries might retain all of these feathers, but 
they might also begin molt later or have a cryptic 
molt limit.

(See appendix A Figure 1-4 for the following) 
Primary Coverts:  White-eyed Vireos have nine 
primary coverts that I could easily distinguish.  It is 
unclear to me whether there is a covert associated 
with the small outermost primary.  If it exists, then it 
is diminutive and easily confused with the adjacent 
marginal coverts.  Consequently, I only considered 
the larger nine coverts for this investigation.  Molt 
limits within the primary coverts of this species 
are relatively easy to discern (Fig. 1).  For each 
SY, I noted which specific coverts the bird had 
replaced.  For HYs, I noted whether primary covert 
replacement was occurring.  Because I observed 
that replacement proceeded distally as it does with 
the primaries, I assumed that replacement would 
continue from the first covert replaced to the 
outermost covert.
Secondaries and Tertials:  Data on molt limits 
in the secondaries and tertials of SYs required no 
assumptions.  As was the case with the primaries, 
it was not possible to determine whether or how 
frequently these birds replaced all or none of these 
feathers because both conditions leave no molt 
limit.
For the actively molting HYs, determining 
which secondaries and tertials the birds would 



Vol. 45 No. 4                                               North American Bird Bander Page       154

ultimately replace did require assumptions.  I 
noted that many of the HYs that had replaced all 
three of their tertials had also replaced a block of 
the adjacent inner secondaries.  The replacement 
of these feathers began with the tertials before 
proceeding to one of the secondaries.  From this 
initial secondary, molt then continued inward 
toward the tertials until the bird had replaced all 
of the intervening secondaries.  This replacement 
pattern leaves a block of retained secondaries 
outward beyond the first renewed secondary.  For 
my sample of HY birds, I then included data for 
birds exhibiting one of three conditions:  (1) all 
tertials and a solid block of secondaries adjacent 
to the tertials either new or growing, (2) some 
tertials and secondaries new or growing but with 
intervening old secondaries, (3) some tertials new 
or growing with at least two having scores ≥4.  For 
the first and third conditions, I assumed no more 
feathers would be replaced other than those already 
growing or complete.  For the second condition, I 
assumed that the birds would replace intervening 
old feathers.  To the extent that this last assumption was 
not valid, I would overestimate the extent of molt. 

RESULTS
Primaries.  Based on the molt limits of 35 
individuals, I observed evidence that SY White-
eyed Vireos had replaced 2-8 primaries (Fig. 
2).  The earliest HY individual that I observed 
molting was on 2 July.  This bird already had two 
primaries with a score of 2 (up to 1/3 grown) and 
so would have commenced molt some days before 
I captured it.  Another, captured on 3 July, was 
already growing three primaries with one at the 
score 4 (2/3 grown to nearly complete) stage which 
indicates that it started molt sometime in late June.
Under my assumptions about the start and 
endpoints of primary replacement, I was able to 
use data from 120 HY Vireos.  The number of 
primaries these birds would replace ranged from 
two to ten and most would replace seven more 
(Fig. 2).  Although it is not possible with data from 
either age group to estimate how frequently these 
birds replace zero primaries in the preformative 
molt, renewal of fewer than four was infrequent 
suggesting to me that replacement of no primaries 
would be uncommon at most.

Primary Coverts.  Forty-six of 92 SYs (50%) 
had replaced some of their primary coverts.  The 
number replaced ranged from two to seven and, in 
all but two cases, these consisted of a block of the 
outermost coverts.  The two unusual birds retained 
one and two feathers in the middle of otherwise 
complete blocks of replaced coverts.  Comparison 
of the number of replaced coverts and primaries 
(not counting the outermost primary) revealed 
that 12 of 15 birds replaced 1 to 3 more primaries 
than coverts.  Two replaced the same number of 
feathers from both groups and one replaced two 
more coverts than primaries.  
Results for HYs were similar to those for SYs with 
65 of 132 birds (49%) replacing some primary 
coverts.  Also like the SYs, these birds were set 
to replace two or more coverts.  Three birds (2%) 
were replacing their innermost primary coverts 
(Fig. 3) and it is, therefore, possible that these 
could renew all nine.
I did not systematically examine birds for 
replacement of alular quills.  Nonetheless, I noted 
on four individuals the symmetrical replacement on 
both wings of all three quills.  Without systematic 
data, I cannot estimate how frequently this occurs, 
but can note that it does sometimes occur during 
the preformative molt of this species.
Secondaries and Tertials.  My sample of 67 SY 
birds had replaced two to eight secondaries and 
tertials with most having replaced four or five (Fig. 
4).  Of those that had replaced some secondaries (n 
= 53), all but one had also replaced the three tertials.  
That individual had replaced quills 6, 8, and 9, but 
not 7.  Another individual replaced all three tertials 
and just the outermost two secondaries leaving a 
block of four retained secondaries, in the middle 
of the wing.

I was able to use a sample of 81 HY birds and these 
were set to replace two to nine quills with many 
replacing four or five much like the SYs (Fig. 
4).  However, 19 of these birds (23%) had begun 
secondary replacement at the outermost secondary 
and so appeared set to replace all of their tertials 
and secondaries.  It is possible that all of these birds 
did not do so and, instead, retained a block of inner 
secondaries like the one SY mentioned above.  
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However, one bird that I examined on 5 September 
had definitely replaced all nine secondaries.  I 
recognized that all of its secondaries and tertials 
were indeed new by comparison with the bird’s 
retained inner three primaries.  Data from 14 more 
of these HYs suggests to me that they too could 
ultimately replace all secondaries and tertials.  I 
captured these birds during the last 11 days of July.  
Because I routinely capture many HY White-eyed 
Vireos in this area until late September, these birds 
still had nearly two months before migration, 
possibly enough time to finish replacement of all 
secondaries and tertials.

DISCUSSION
The population I sampled commenced preformative 
molt in late June and early July.  This is considerably 
earlier than the early to mid-August dates reported 
by others (Dwight 1900, George 1973, Thompson 
1973, Lloyd-Evans 1983) and likely consequence 
of the relatively southern location of my study area.
My data indicated that the preformative molt of the 
White-eyed Vireo could be more extensive in the 
primaries, secondaries, and primary coverts than 
indicated by Pyle (1997a).  Pyle (1997a) wrote that 
birds could replace one to eight primaries in this 
molt whereas I observed evidence that they could 
renew all ten.  Pyle (1997a) noted that the primary 
coverts are retained, but I observed that about half 
of the birds in my sample replaced at least some of 
these feathers.  Finally, Pyle (1997a) indicated that 
birds replace one to five secondaries and tertials, 
but I observed evidence that they may replace all 
nine.
Some of the differences between my results and 
those of Pyle (1997a, 1997b) may stem from the 
fact that my samples are exclusively from Texas, 
far south in the breeding range of the species.  It is 
not clear where the specimens examined by Pyle 
were collected, but they likely originated from 
multiple locations.  
My observation that White-eyed Vireos often 
replace primary coverts agrees with George (1974), 
Thompson (1974), and Lloyd-Evans (1983) who 
all reported the replacement of these feathers.  
Because these previous investigations took place 
relatively far north in the breeding range and mine 

relatively far south, covert replacement likely 
occurs to some extent in all populations.  Lloyd-
Evans (1983) indicated, “Primary coverts molted 
with their corresponding primary”.  I also observed 
that each pair grew concurrently, but, of course, this 
only occurred when these birds actually replaced 
the corresponding covert and this frequently was 
not the case.
That White-eyed Vireos often replace the outer 
primary coverts in the preformative molt eliminates 
one age character listed in Pyle’s (1997a) account 
of the species.  He indicated that banders could use 
the shape of the outer primary coverts to recognize 
HY/SY birds.  However, if the bird had replaced 
these feathers, as I frequently observed, then they 
would have the same shape as those of older birds 
and would thus be a misleading age character.  
Furthermore, although I have not specifically 
evaluated primary covert shape as an age character 
in this species, it appeared to me that there is 
complete overlap in shape between age groups.  I 
have previously (Cimprich 2019b) found the shape 
of these coverts to be an unreliable age character 
for the Black-capped Vireo, a closely related 
species (Slager et al. 2014).
The replacement of primary coverts during 
the preformative molt appears to be relatively 
uncommon.  Pyle (1997b) documented it for only 
43 North American species that also replace some 
of their primaries during partial or incomplete 
preformative molts.  Two additional species, the 
Black-capped Vireo and Field Sparrow (Spizella 
pusilla), likewise replace some primaries coverts 
during the preformative molt (Small et al. 2013, 
Cimprich 2019a).
My results have clear implications for determining 
the age of White-eyed Vireos.  When attempting 
to separate birds in formative plumage from older 
birds, one should first look for a molt limit in the 
primary coverts.  Molt limits are relatively easy 
to detect in this feather group.  Next, examine the 
tertials and secondaries.  Molt limits here can also 
be relatively easy to detect.  Molt limits within the 
primaries are often subtle.  However, if you seek 
to find them, the best technique can be to look for 
color differences between the shafts of adjacent 
primaries, brown for retained feathers vs. blackish 
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brown for replaced.  If no molt limits appear to 
exist within any of these feather groups, re-examine 
the primary coverts to determine whether they are 
juvenile or definitive, that is, whether a molt limit 
exists between them and adjacent feather groups.  
To do this, I recommend holding the wing nearly 
closed and tucking the trailing edge of the alula 
under the leading edge of the wing to expose the 
marginal coverts beneath.  One can then compare 
the primary coverts in a single view to the adjacent 
greater coverts, carpal covert, and marginal 
coverts, all of which White-eyed Vireos replace in 
the preformative molt.  They should thus contrast 
with juvenile primary coverts.
If some HY White-eyed Vireos replace all of their 
primary coverts, like the three I observed appeared 
set to do, then such birds would falsely appear to 
be older based on the approach I described above.  
These same three birds also began primary molt 
with the innermost feather and secondary molt 
with the outermost quill and thus appeared set to 
replace completely the feathers in these groups as 
well.  If they did this, their plumage would lack 
molt limits.  However, these birds had another 
unusual aspect, namely, that I captured all three at 
the same location on the same day.  This suggests 
to me that they may all have been subject identical 
and unusual conditions that allowed such extensive 
molt.  If so, then banders may encounter such birds 
only rarely.  If my samples were representative, 
then the erroneous age determination of such birds 
would only occur for about 2% of HYs.  Eye color 
and degree of skull pneumaticization could still 
allow banders to recognize the true age of these 
birds and so I recommend examining all possible 
age characters.
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Figure 1.  Molt limits in the primary coverts of HY/SY White-eyed Vireos are relatively easy to detect.  
The coverts are numbered with 1 as the innermost to 9 as the short outermost quill.  The bird depicted 
here, captured on 12 Sep 2019, has retained its inner five juvenile coverts and replaced the outer four.

Figure 2.  The number of primaries replaced in the preformative molt by White-eyed Vireos based on two samples, 
one from age SY birds and the other from age HY.  The molt of the HY birds was in progress and assumptions 
were required for determining the number of feathers that they would ultimately replace.  See text for details.

APPENDIX A
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Figure 3.  An example of an age HY White-eyed Vireo that could potentially replace its primaries and primary 
coverts completely in the preformative molt.  The primaries and their corresponding coverts are numbered.  This 
individual, with molt in progress when captured on 25 Jul 2019, began replacement in both tracts with the innermost 
feathers (as evidenced by their darker color) and has thus far proceeded outward to primary 5 and covert 4, which 
were both in pin on this date and hidden in the picture due to their small size.

Figure 4.  The number of secondaries and tertials replaced in the preformative molt by White-eyed Vireos based on two 
samples, one from age SY birds and the other from age HY.  The molt of the HY birds was in progress and assumptions 
were required for determining the number of feathers that they would ultimately replace.  See text for details.




