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Atypical primary molt patterns in greater sage-grouse: implications 
for age classification

Brett L. Walker and Michael A. Schroeder

B. L. Walker (https://orcid.org/0000-0003-1183-3449) ✉ (brett.walker@state.co.us), Colorado Parks and Wildlife, Grand Junction, CO, USA. 
– M. A. Schroeder (https://orcid.org/0000-0002-7246-5603), Washington Dept of Fish and Wildlife, Bridgeport, WA, USA.

Age-specific patterns of primary molt facilitate age classification of native North American upland gamebirds, a critical step 
in understanding their ecology, behavior, life history, population dynamics and harvest. However, deviations from typi-
cal molt patterns can create confusing plumages that complicate age classification. We examined data from live-captured 
greater sage-grouse Centrocercus urophasianus across seven studies in five U.S. states and wings from harvested birds in 
Oregon and Colorado for evidence of atypical primary molt. We documented atypical replacement through primary nine 
during preformative molt, atypical retention of juvenile primary 10 during second prebasic molt, and atypical retention 
of basic outer primaries during definitive prebasic molt. Atypical primary molts were observed more often in live-captured 
females (3.2%, n = 561) than males (0.8%, n = 494). Many individuals with atypical primary patterns, especially females, 
are difficult or impossible to reliably age by plumage or morphology and may bias research and harvest data.

Keywords: atypical molt, Centrocercus urophasianus, flight feathers, Galliformes, molt, prebasic molt, preformative molt, 
remiges, Tetraonidae

Understanding age-related molt cycles and resulting plum-
age patterns is an essential part of upland gamebird conserva-
tion, management and research. Accurate age classification is 
essential for understanding gamebird life histories and popu-
lation dynamics (Bergerud and Gratson 1988), generating 
age-specific vital rate estimates from marked bird popula-
tions (Connelly et al. 2011), modeling population demog-
raphy and viability (Johnson and Braun 1999, Taylor et al. 
2012, McCaffery and Lukacs 2016) and estimating produc-
tivity from harvest data (Hagen and Loughin 2008, Han-
sen et al. 2012, Braun et al. 2015). Accurate age classification 
is also essential for understanding age-specific behavioral and 
ecological phenomena in gamebirds, such as lek attendance, 
dispersal, site fidelity and migration (Schroeder et al. 2020).

Native North American upland gamebirds (including tur-
key, grouse, ptarmigan and quail) all show a similar sequence 
of annual molt cycles that facilitates age determination (John-
sgard 2008, Lyons et al. 2020; Supporting information). As 
in other species, greater sage-grouse Centrocercus urophasia-
nus have a distinct first molt cycle and all subsequent cycles 
are usually considered definitive (Pyle 2008). Birds in their 

first molt cycle grow all juvenile primaries during a complete 
prejuvenile molt (also known as the first prebasic molt; How-
ell et al. 2003) at hatch. Within the first month, birds then 
begin an incomplete preformative molt into formative plum-
age. During preformative molt, birds replace juvenile prima-
ries with formative primaries in sequence from P1 through 
P8, but typically retain the two outermost juvenile primaries, 
P9 and P10. Birds undergo second prebasic molt (and there-
fore, start their second molt cycle) in summer and fall of their 
second calendar year. Birds typically have a complete, second 
prebasic molt and complete, definitive prebasic molts in sum-
mer and fall in all subsequent definitive cycles, in which they 
replace all 10 primaries in sequence from P1 to P10.

Birds in their first molt cycle in formative plumage there-
fore normally show contrast in wear, color, markings and tip 
shape between newer, replaced, formative inner primaries 
(P1–P8) and older, retained, juvenile outer primaries (P9 
and P10). This contrast, along with the age of retained juve-
nile primaries P9 and P10, allows biologists to distinguish 
birds in formative plumage from those in basic plumage. 
Age-related primary patterns are one of the main criteria 
used to classify the age of both harvested birds in fall and 
live birds captured year-round (Braun and Schroeder 2015). 
State wildlife agencies in the U.S. classify age and sex of 
thousands of wings collected from hunters in early fall each 
year to generate indices of annual productivity, age ratios 
and sex ratios for harvest management (Hagen and Loughin 
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2008, Braun et al. 2015, Wann et al. 2020). Research and 
management studies also capture, classify age and sex, and 
mark thousands of live greater sage-grouse throughout the 
species’ range each year.

Atypical primary replacement or retention, defined 
as any deviation from the typical primary molt patterns 
described above (excluding adventitious molt), can create 
confusing and sometimes contradictory plumages that lead 
to uncertainty or errors in age classification. Three previous 
studies have suggested that atypical primary molt occurs in 
greater sage-grouse (Pyle 2008, Braun and Schroeder 2015, 
Braun et al. 2020). However, evidence presented for atypical 
primary retention during definitive prebasic molt in those 
studies could instead be explained by other phenomena, such 
as temporary suspension of prebasic molt or atypical replace-
ment through P10 during preformative molt (Braun et al. 
2020). Evidence for both atypical primary retention dur-
ing second prebasic molt and atypical primary replacement 
during preformative molt is also lacking. It is also unclear 
how commonly atypical molt occurs in greater sage-grouse 
(Braun and Schroeder 2015) and whether it occurs more 
often in males than females as suggested by Pyle (2008).

For these reasons, a comprehensive review of the occur-
rence of atypical primary molt patterns in greater sage-grouse 
is warranted. In this study, our objectives were to identify 
atypical primary molt patterns in harvested and live-captured 
birds, estimate the percent of live-captured birds of each sex 
with atypical primary patterns, and identify other possible 
atypical primary patterns that require further investigation. 
We also discuss implications of atypical primary patterns for 
age classification (and misclassification) of harvested wings 
and live-captured birds.

Methods

Starting in 2003, we collected data on, and in many cases, 
photos of, atypical primary patterns on wings of live-cap-
tured greater sage-grouse that we marked during the course 
of other research in Colorado (Walker et al. 2016, 2020), 
Montana (Walker 2008), Wyoming (Doherty 2008), Ore-
gon and Washington (Sage-Grouse Conservation Partner-
ship 2015, Schroeder et al. 2019), as well as on wings of 
harvested greater sage-grouse collected by state wildlife 
agencies from parts of Colorado (2019–2020) and Oregon 
(2004 and 2012) for evidence of atypical molt. For detailed 
descriptions of Montana and Wyoming study areas, see 
Walker (2008) and Doherty (2008); for Colorado study 
areas, see Walker et al. (2016, 2020); and for Washington 
and Oregon study areas, see Sage-Grouse Conservation Part-
nership (2015) and Schroeder et al. (2019).

We defined the age of atypical birds by their calendar age 
and molt cycle at the time of harvest or capture. We used 
calendar-based age classes recognized by the U.S. Bird Band-
ing Laboratory (BBL): HY = hatch year, SY = second year, 
TY = third year, AHY = after hatch year, ASY = after second 
year and ATY = after third year. But using only calendar-
based age classes is problematic because they do not convey 
which molt cycle and plumage a bird is in (Howell et al. 
2003). Birds were therefore also classified as being in their 
first cycle, second cycle or definitive cycle. Although the sec-

ond molt cycle in sage-grouse is usually considered definitive, 
birds that have an atypical, incomplete, second prebasic molt 
would retain juvenile (or possibly formative) outer primaries, 
whereas birds that had an atypical, incomplete, definitive pre-
basic molt would retain basic outer primaries. Therefore, we 
consider second and definitive cycles separately.

Under this definition, the first molt cycle in sage-grouse 
includes HY birds and SY birds through the start of their 
second prebasic molt, the second cycle includes SY and TY 
birds from the start of their second prebasic molt though 
the start of their third prebasic molt, and definitive cycles 
include TY and older birds (including ASYs, ATYs, etc.) 
from the start of their third prebasic molt onward. Because 
each molt cycle spans two calendar years, we list two BBL 
age classes and specify either which plumage or which molt 
cycle they are in when referring to all birds within one molt 
cycle. We encourage readers unfamiliar with age class termi-
nologies based on molt cycles and plumages to review molt 
cycles, molts and plumages of greater sage-grouse in relation 
to BBL age classes and age classes commonly used in the 
gamebird literature (juvenile, yearling, adult and breeding 
age; Braun and Schroeder 2015) before proceeding (Sup-
porting information). We also cross reference these with 
age codes based on molt cycle, plumage and molt status for 
readers that use Wolfe–Ryder–Pyle terminology (Wolfe et al. 
2010, Johnson et al. 2011) (Supporting information).

We calculated occurrence as the percent of individu-
als with atypical primary molt in samples of live-captured 
birds. We did not attempt to quantify the percent of har-
vested birds with atypical molt because the presence of active 
primary molt in early fall often makes it difficult or impos-
sible to reliably identify individuals with atypical primary 
patterns, especially among birds in their first cycle that have 
not yet completed preformative molt.

Because morphometric data is often informative regard-
ing age in grouse (Pyle 2008, Braun and Schroeder 2015), 
we measured primary lengths, tail length and mass of live-
captured females in Lake and Harney counties, Oregon and 
Douglas Co., Washington and fully-grown primaries of har-
vested females in Oregon. Primaries were measured to the 
nearest mm from the proximal side of a feather’s insertion 
point to the tip of the straightened feather. Tail length was 
measured to the nearest mm from the insertion point to the 
tip of the center of the tail (longest feathers). This allowed 
comparison of measurements from females with atypical 
molt against measurements from females with typical pri-
mary patterns in each age class.

Results

We documented 31 cases of atypical primary molt, 23 cases 
among 1055 live-captured greater sage-grouse and 8 cases 
among 1327 harvested birds (Supporting information). We 
documented 10 cases of atypical primary retention. We con-
firmed atypical retention of two basic outer primaries (and 
corresponding primary coverts) following definitive preba-
sic molt in one marked female known to be > 3.5 years old 
(F1505 in the Supporting information; Fig. 1A). This female 
was banded in November 2009 as an AHY and recaptured and 
recorded as an ASY in April 2012. Based on her age in 2009, 
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this female was in at least her fourth molt cycle (and therefore 
in a definitive cycle). This female represents the first confirmed 
evidence of atypical retention of basic primaries during defini-
tive prebasic molt in greater sage-grouse. We also documented 
seven other females presumed to be ASY or ATY birds that 
appeared to have retained from two to five outermost basic 
primaries following a definitive prebasic molt (Supporting 
information; Fig. 1B, C; but see Discussion). We also identi-
fied two atypical males that had retained juvenile P10 during 
second prebasic molt. One TY male in spring (2140 in Sup-
porting information) had a retained juvenile P10, but it was 
in definitive basic plumage and all of the bird’s measurements 
unambiguously matched those of typical ASY males captured 
in spring, including mass (2880 g). Another male (M3536 in 
Supporting information) was captured and color-banded in 
March 2013 with juvenile P10 on both wings (Fig. 1D). It 
was described as ‘adult-looking with 10th primary juvenile’ 
and had a long, pointed tail typical of an ASY male (Fig. 1E). 
Its mass (~2450 g) was intermediate between SY and ASY 
males captured in spring. This male was also recorded as an 
ASY when resighted on four occasions by three observers that 
spring. We therefore classified M3536 as a TY male that had 
retained juvenile P10 during its second prebasic molt.

We observed atypical primary replacement during pre-
formative molt (i.e. replacement through P9 rather than P8) 
in two SY males captured in spring in formative plumage 
with retained juvenile P10 (2107 and M3125 in the Sup-
porting information; Fig. 1F). Measurements for male 2107 
clearly matched those of SY males captured in spring. Male 
M3125 had asymmetric primary molt, with juvenile P10 on 
one wing and juvenile P9 and P10 on the other, and mass 
(2500 g) that was intermediate between SY and ASY males 
captured in spring.

We were unable to reliably age the remaining 19 atypical 
birds with retained juvenile P10 only (Supporting informa-
tion) because we were unable to determine if they were HY 
or SY birds in formative plumage that had replaced through 
P9 during preformative molt or SY or TY birds in second 
basic plumage that had retained juvenile P10 during sec-
ond prebasic molt (Fig. 1G, H). Of those 19, two females 
(P95/1104 and 1006) were asymmetrical, with a juvenile 
P10 on one wing and an adult P10 on the other wing (Sup-
porting information).

Females with atypical primary molt could not be assigned 
to age based on morphological criteria alone. Our analysis of 
measurements from sage-grouse in Oregon showed distinctly 
different distributions for mass, tail length and lengths of 
P1 and P2 between typical HY and SY females in formative 
plumage and typical SY or ASY females in second or defini-
tive basic plumage (Fig. 2). However, two of three presumed 
ASY and ATY females in definitive basic plumage with 
retained old, rounded outer primaries (MAS0400 and 1114; 
Supporting information) also had extremely small measure-
ments that would normally suggest a HY or SY female in 
formative plumage, despite having unambiguous older and 
adult-like (i.e. basic or formative) outermost primaries with 
rounded tips (Fig. 2). In contrast, four females captured in 
spring that retained only juvenile P10 (951, 1016, 1017 and 
1131 in the Supporting information) had relatively large 
measurements that would normally suggest an ASY female 
in second or definitive basic plumage (Fig. 2).

Atypical primary molt was less common in our sample of 
live-captured males than females (Table 1). Across studies, 
the percent of birds with atypical primary molt varied by 
sex from a low of 0.8% of 254 males to a high of 9.5% of 
74 females across seven studies (Table 1). Separating capture 
records by sex and including only studies with ≥ 30 indi-
viduals per sex (to exclude estimates based on small sample 
size), occurrence rates varied from 1.0 to 9.5% across studies 
in females and 0.0–3.1% across studies in males (Table 1). 
Based on a total of 1055 live-captured birds, the percent of 
individuals with atypical primary molt was four times higher 
in females (3.2%, n = 561) than males (0.8%, n = 494) 
(t1053 = 2.832; p = 0.0047).

Discussion

Greater sage-grouse are often presumed to be easy to clas-
sify by age based on published criteria. This is probably the 
case for live-captured males, in which differences in mass and 
in formative and basic plumage facilitate ageing. However, 
atypical molt patterns can produce contradictory plumage 
features that lead to confusion and age misclassification of 
harvested wings and live-captured birds of both sexes, but 
especially females. Our data suggest that atypical birds may 
represent, in some cases, up to 9.5% of live-captured females 
and 3.1% of males, with most being problematic for age 
classification. Error rates that high for females could sub-
stantially bias demographic studies of marked greater sage-
grouse.

The inability to differentiate atypical HY or SY females 
that replaced through P9 (rather than P8) during preforma-
tive molt from atypical SY or TY females that retained juve-
nile P10 (rather than replace all primaries) during second 
prebasic molt reveals some of the complexities of age classifi-
cation caused by atypical molt. We attempted to understand 
this complexity by examining morphological measurements 
that show the least overlap between known age classes. 
However, despite differences in average morphological mea-
surements between typical HY and SY females in forma-
tive plumage and typical SY and ASY females in second or 
definitive basic plumage, overlap in distributions prevented 
atypical females from being reliably aged by morphology 
alone. This problem is exacerbated by the fact that, if there 
are no differences in primary patterns, HY and SY females in 
formative plumage are often indistinguishable from SY and 
ASY females in basic plumage.

In spring, misclassification of live-captured, atypical, TY 
females that retained juvenile P10 during second prebasic 
molt as atypical SY females that replaced through P9 during 
preformative molt, and vice versa, may bias estimates of age-
specific female survival and reproductive success in research 
studies. However, misclassification of birds with atypical 
molt in fall should have little influence on harvest data. 
First, HY females in formative plumage with retained juve-
nile P10 are probably rarely harvested due to the timing of 
preformative molt (Braun and Schroeder 2015). Harvest in 
most states typically occurs in September, and preformative 
molt typically finishes in late September through October 
(Pyle 2008, Braun et al. 2020). Second, wings of atypical TY 
females with retained juvenile P10 harvested in fall would 
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Figure 1. Examples of atypical outer primary (and primary covert) retention and replacement in greater sage-grouse: (a) F1505, a recaptured 
ATY female > 3.5 years old in definitive basic plumage with old, retained definitive basic primaries P9 and P10 and retained corresponding 
primary coverts on both wings; (b) P77/1107, a captured, presumed ATY female with three retained, old, basic primaries (P8–P10) and ≥ 
2 retained basic outer primary coverts on both wings; (c) MAS0401, a harvested, presumed ATY female with no active primary molt and 
four old, retained, basic primaries (P7–P10); (d, e) M3536, a TY male captured in spring that retained juvenile P10 (again) on both wings 
following its second prebasic molt; (f ) 2107, an SY male captured in spring that replaced through P9 during its preformative molt; (g) 
A82/1099, a female captured in spring that was either an SY bird that replaced through primary P9 during its preformative molt or a TY 
bird that retained juvenile P10 following its second prebasic molt; and (h) unmarked D, a female harvested in fall while undergoing preba-
sic molt that was either an SY bird that replaced through primary P9 during its preformative molt or a TY bird that retained juvenile P10 
following its second prebasic molt. See text and Supporting information for more information about each individual.

Downloaded From: https://complete.bioone.org/journals/Wildlife-Biology on 28 Mar 2024
Terms of Use: https://complete.bioone.org/terms-of-use



5

Figure 2. Lengths of primary 1 (P1) and primary 2 (P2), tail length and mass for female greater sage-grouse captured or harvested in Oregon 
between 2004 and 2015. ‘First cycle HY and SY’ includes HY and SY birds in their first molt cycle in formative plumage with typical 
primary patterns (i.e. formative P1–P8 and retained juvenile P9 and P10). ‘Second/definitive cycle SY and ASY’ includes SY and ASY birds 
in basic plumage in their second or definitive molt cycles, respectively, with typical primary patterns (uniform, basic P1–P10). Sample sizes 
for each age category are in parentheses. Atypical individuals are shown in red, and the numbers above them refer to individuals described 
in the text, in Supporting information or both.
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be misclassified as atypical SYs, but this is less consequential 
because both classes are considered AHY (i.e. breeding-age) 
birds in age ratios used as indices of productivity (Con-
nelly et al. 2003, Hagen and Loughin 2008).

The morphological analysis revealed an unexpected pat-
tern. Two atypical females presumed to be ASY or ATY 
birds in definitive basic plumage had the shortest P1 and 
P2 lengths among all atypical females we measured, and sev-
eral atypical females with retained juvenile P10 (that would 
most likely be classified as SY birds in spring) had measure-
ments near the top of the range for SY and ASY females in 
second or definitive basic plumage. This phenomenon may 
be related to the amount of energy, nutritional resources or 
time breeding birds have available to complete prebasic molt 
in fall. One hypothesis is that an energy or nutritional defi-
ciency sufficient to cause an incomplete second or defini-
tive prebasic molt also results in slower feather growth (i.e. 
protein deposition) and therefore, shorter primary and tail 
lengths (Murphy et al. 1988, Grubb 1989, Møller and De 
Lope 1999). In contrast, birds with an energy or nutritional 
surplus sufficient to allow replacement of additional prima-
ries during preformative molt may be more likely to grow 
longer feathers. Regardless, our findings suggest that mea-
surements of P1, P2 and tail may sometimes be misleading 
indicators of age in females with atypical primary patterns.

Atypical primary retention (i.e. incomplete prebasic 
molt) is most commonly attributed to higher reproduc-
tive effort that delays initiation of molt or induces a molt-
breeding tradeoff (Braun and Schroeder 2015). As in other 
grouse species (Zwickel and Dake 1977), female sage-grouse 
delay molt until they finish nesting (Pyle 2007, Braun et al. 
2020). Some ASY females attempt three nests (Taylor et al. 
2012) and therefore, may not initiate prebasic molt until the 
end of July. In contrast, males typically finish strutting in 
May, initiate prebasic molt in May or early June, and com-
plete prebasic molt earlier than females (Pyrah 1954, Pyle 
2007, Braun et al. 2020). Our results from live-captured 
birds are consistent with this hypothesis, with retained pri-
maries being more common in females than males (contra 
Pyle 2008). This suggests that earlier timing of prebasic 
molt in males offsets the extra resources they need to grow 
larger feathers (Pyle 2008). If the extent of prebasic molt is 
determined by reproductive effort, atypical primary reten-
tion should be more common among females that success-
fully renest than among females with successful first nests 
or unsuccessful nests. However, it remains unclear whether 
atypical primary retention is more common during second 

prebasic molt in SY birds or during definitive prebasic molt 
in ASY birds because we could not reliably age most females 
with retained juvenile P10 only. Second-year females typi-
cally have lower reproductive effort (Connelly et al. 2011, 
Taylor et al. 2012) and initiate prebasic molt earlier than 
ASY females (Braun et al. 2020), so we suspect that atypical 
primary retention in females is less common during second 
prebasic molt than during definitive prebasic molt.

If the extent of preformative molt is regulated by energy, 
nutritional resources or time (e.g. before a photoperiod 
threshold is reached in fall), replacement through P9 (and 
possibly P10) during preformative molt in the first molt 
cycle may be more common among HY birds that hatch 
early (Schmutz and Hoffman 1991), are in better body 
condition, or are raised in more productive years or higher-
quality brood-rearing habitat. Food availability is known 
to influence early juvenile mass gain in greater sage-grouse 
chicks, but not feather growth rate (Huwer et al. 2008), and 
no information is available regarding its effect on the extent 
of preformative molt.

Surprisingly, until their mention by Pyle (2008), Braun 
and Schroeder (2015) and Braun et al. (2020), we found no 
mention of atypical molt patterns in sage-grouse in 23 other 
studies from 1900 to 2020 that we reviewed (Supporting 
information). Combined with the low occurrence (< 10%) 
of birds with atypical primaries we documented among live-
captured birds, this suggests that atypical primary molt is 
uncommon overall. Similarly, Pyle (2008) detected atypical 
primary molt in only two (6.5%) of 31 AHY museum speci-
mens examined (P. Pyle, pers. comm.).

The percent of birds with atypical primary patterns we 
documented may be biased low for several reasons. First, 
some atypical birds may have been overlooked. Document-
ing atypical molt patterns was not the focus of these research 
studies, and capture and processing often occurs at night 
(with headlamps), in challenging weather conditions, and 
under time constraints to minimize stress on captured birds. 
Second, and more importantly, a difference in retention or 
replacement of only 1–2 additional primaries would produce 
at least two additional atypical patterns that would essen-
tially be undetectable in live-captured females. For example, 
unless juvenile primary coverts or juvenile S1 was retained, 
most HY or SY females that had replaced all 10 primaries 
during preformative molt (as suggested by Braun et al. 2020) 
would be indistinguishable from, and consistently misclassi-
fied as, typical AHY or ASY females, respectively. The win-
dow of time in which to detect atypical replacement through 

Table 1. Percent of live-captured birds with atypical primary molt across seven studies of greater sage-grouse in the western U.S.

Location (County, State) Years

No. captured
No. birds with 

atypical primaries Occurrence (% atypical)

Total F M F M Total F M

Bighorn, MT/Sheridan, WY 2003–2007 271 222 49 6 0 2.2% 2.7% 0.0%
Garfield, Rio Blanco, CO 2008–2010 48 46 2 2 0 4.2% 4.3% –
Garfield, Rio Blanco, CO 2012–2014 76 2 74 1 0 1.3% – 1.4%
Moffat, CO/Sweetwater, WY 2007–2009 209 209 0 2 0 1.0% 1.0% –
Moffat, CO/Sweetwater, WY 2010–2013 254 0 254 0 2 0.8% – 0.8%
Harney, Lake, Malheur, OR 2011–2015 124 74 50 7 0 5.6% 9.5% 0.0%
Douglas, Yakima, WA 2012–2020 73 8 65 0 2 2.7% – 3.1%
Total 1055 561 494 18 4 2.1% 3.2% 0.8%
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P10 in HY birds, which is after P10 has started growing 
but before the bird has replaced all diagnostic juvenile wing 
coverts, is probably extremely short. Birds that had an atypi-
cal, complete, preformative molt during their first cycle 
followed by an atypical, incomplete, second prebasic molt 
would also show a primary pattern identical to that of atypi-
cal ASY or ATY birds that retained basic primaries during an 
incomplete definitive prebasic molt. In fact, seven atypical 
females in our study (M94/1047, P77/1107, 1167, 1180, 
1114, MAS0400, MAS0401 in the Supporting informa-
tion, including the female shown in Figure 4 in Braun and 
Schroeder 2015), as well as the two atypical males reported 
by Pyle (2008), could actually be SY or TY birds in second 
basic plumage with retained formative primaries rather than 
ASY or ATY birds in definitive basic plumage with retained 
basic primaries. Similarly, SY or TY birds that retained both 
juvenile P9 and P10 following an atypical second preba-
sic molt could be challenging or impossible to distinguish 
from typical HY and SY females with juvenile P9 and P10 
in formative plumage. For these reasons, we suspect that the 
occurrence of atypical primary patterns is higher, and pres-
ents a larger problem for age classification, than indicated 
by our data from live-captured birds. These issues could also 
cause age misclassification of harvested wings of both sexes.

These atypical primary patterns should be looked for 
in other gallinaceous species with similar molt sequences. 
Atypical primary molt has been reported in wild turkeys 
(Williams and Austin 1970, Schmutz and Hoffman 1991), 
white-tailed ptarmigan Lagopus leucura (Braun and Martin 
2001), dusky grouse Dendragapus obscurus (Zwickel and 
Bendell 2020), sooty grouse Dendragapus fuliginosus (Ben-
dell 1955), and chukar Alectoris chukar (Johnsgard 2017), 
but to our knowledge, have not been documented in other 
native North American grouse, prairie-chicken or quail spe-
cies (Pyle 2008) or in gray partridge Perdix perdix. Nota-
bly, in some species (e.g. ruffed grouse, Bonasa umbellus), 
juvenile primaries (particularly P9) are not as distinct as in 
greater sage-grouse, so atypical primary molts in other spe-
cies may have been overlooked.

Conclusions and recommendations

Due to the potential for misclassification of greater sage-
grouse with atypical primary patterns, we encourage capture 
crews and inexperienced observers to review the most recent 
key for classifying age (Braun and Schroeder 2015), annual 
molt cycles, plumages and timing (Pyle 2007, 2008; Sup-
porting information), and atypical primary patterns likely 
to be encountered (Supporting information, Fig. 1). We 
reiterate the importance of reviewing multiple criteria to 
accurately classify age, not just contrast between inner and 
outer primaries, and not just typical primary molt progres-
sion (Beck et al. 1975, Connelly et al. 2003). Careful docu-
mentation of atypical birds and wings is needed to improve 
our understanding of atypical molt in greater sage-grouse. 
Specifically, biologists should look for HY birds that replaced 
through P9 or P10 but still have juvenile wing coverts in 
early fall, SY birds and TY birds with 1–2 retained juvenile 
outer primaries following second prebasic molt, and ASY 
or ATY birds with retained basic outer primaries following 

definitive prebasic molt. However, HY and SY birds in for-
mative plumage that replaced through P10 during preforma-
tive molt and SY and TY birds that retained formative (rather 
than juvenile) outer primaries during second prebasic molt 
may not be identifiable. Examination of the primaries, pri-
mary coverts and secondaries of known-aged, marked birds 
most likely to exhibit atypical molt (e.g. early hatched HY 
birds and successful SY and ASY females with late-hatching 
renests) in late fall may be valuable for confirming such pat-
terns. Research on marked females to identify diagnostic dif-
ferences between formative and basic contour feathers would 
also help resolve problematic atypical patterns. Until then, 
many, if not most, greater sage-grouse with atypical primary 
patterns, especially females, will be difficult or impossible to 
reliably age and may need to be excluded from age-specific 
demographic or behavioral analyses.
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