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Flight calls and trills of Evening
Grosbeaks can be used to map
movements and ranges of call
types 1 and 2

W. Douglas Robinson*, Maria Nanau, William Kirsch,
Caleb T. Centanni and Nolan M. Clements

Department of Fisheries, Wildlife and Conservation Sciences, Oregon State University, Corvallis,
OR, United States

Evening Grosbeak (Coccothraustes vespertinus) is a species of North American
Fringillid finch thought to be one of the fastest declining songbirds across North
America. It has been divided into five groups, potentially distinct lineages, based
in part on structure of their flight calls. The primary flight calls of each type exhibit
structural variation that has not been described and the degree to which that
variation might lead to identification errors has not been quantified. We describe
the variation in call structure of type 1 Evening Grosbeaks recorded at a spring
migratory stopover site (Corvallis, Oregon) and nearby areas in the Pacific
Northwest, USA. We recorded grosbeaks weekly from April through early June
2023. We reviewed more than 10,000 recorded call notes to characterize the
variety of calls and their configurations. We found a high diversity of call notes
including at least 11 recurring readily identifiable variants of the primary flight
calls, all of which were attributed to individuals thought to be type 1 birds.
Geographically, the nearest neighbors of type 1 Evening Grosbeaks are type 2s,
which have uncommonly been recorded in our study area but whose breeding
range appears to overlap that of type 1 in southern Oregon. We quantified
recordings of type 2 flight calls and compared them with type 1 flight calls, finding
that linear discriminant function analyses correctly identified >95% of recordings
to type. Inclusion of a metric of asymmetry in call shape improved correct
classification to 98.5%. We also found that the other dominant calls given by both
types, buzzy trills, could be identified correctly to type with a high level of
confidence. The sufficiently different characteristics of flight calls and trills
indicate that types 1 and 2 are identifiable spectrographically in most cases,
providing confidence that the geographic distribution and migratory movements
of call-type populations, despite being essentially identical in plumage, can be
documented effectively by characteristics of call notes.
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1 Introduction

Mobile organisms pose challenges for understanding their
ecology and evolution as well as their conservation (Robinson
et al,, 2010; Bridge et al.,, 2011). The intersection of ecology with
conservation policy is also affected as policies often depend on
operational designations of evolutionary lineages such as species,
subspecies and evolutionarily significant units (Moritz, 1994; Haig
et al., 2006; Winker, 2010). When such lineages are difficult to
recognize because of morphological similarity with other lineages,
tools that improve our ability to study and monitor those lineages
are needed. Variation among infraspecific groups in vocalizations
has been used to characterize distributional patterns and habitat
choice (Groth, 1993; Parchman et al., 2006; Martin et al., 2020). A
particular challenge arises when birds engage in irruptive
movements, occurring in different geographic regions from year
to year on an unpredictable schedule. Tracking the movements of
such cryptic infraspecific populations and studying details of
variation in calls can be facilitated through collaborative data
collection efforts such as the growing enterprise of citizen
scientists recording bird calls and archiving them in public online
databases (Sullivan et al., 2009; Pérez-Granados, 2023).

Many species of Fringillid finches give distinctive call notes
during flight. Such flight calls, when they are shared within
populations or subspecies and are different from flight calls in
other infraspecific groups, are referred to as call types (Groth, 1988).
Interest in the diversity of call types within species has increased in
recent decades, particularly after intensive study of Red Crossbill
(Loxia recurvirostra) flight call variation led to identification of
more than two dozen call-type groups across their Holoarctic
geographic range (Groth, 1993; Parchman et al.,, 2006; Martin
et al., 2019; Martin et al.,, 2020). Exploration of the diversity of
flight calls given by other finch species has uncovered further
infraspecific variation across the geographic distributions of those
species. In some cases, such as Evening Grosbeak (Coccothraustes
vespertinus; Figure 1), the distinctive flight call types map
approximately onto the geographic ranges of subspecies described
previously (Grinnell, 1917; Sewall et al., 2004). Those subspecies
designations were based largely on slight differences in
morphological characteristics such as plumage coloration and bill
size. When plumages vary among subspecies in subtle ways not
readily diagnosable during field observations but calls of subspecies
vary diagnostically, the possibility of mapping movements across
geography and time by recording calls creates opportunities to learn
more about the dynamic movements of call-type populations.

Five subspecies of Evening Grosbeak aligning approximately with
five flight call types have been described (Sewall et al, 2004). The
structure of each call type, as displayed in spectrograms, appears to be
consistently different from other call types (Sewall et al, 2004).
However, the degree to which the primary flight call notes vary
structurally within each call type has yet to be quantified. Within-
call-type variation is important to quantify because 1) most finch
species with infraspecific call type diversity utter more than the
stereotypical flight calls, so recognition of the range of vocabulary
elements finches possess may ensure that call types are identified
correctly based on examination of the most informative call elements;
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FIGURE 1

Evening Grosbeaks are currently divided into five call types whose
geographic ranges have been mapped approximately but where the
exact locations of range boundaries remain unknown. In particular,
the dynamics of year to year variation in geographic ranges of these
often highly irruptive call-type populations have yet to be studied
carefully. Illustration by Tara Kate Designs.

and 2) studies of call type variation in Red Crossbills revealed that
many birds can be correctly typed based on examination of flight call
characteristics, but geographic variability in the structural
characteristics of flight calls is non-trivial suggesting accurate
identification of call types can sometimes be difficult and nuanced
(Tanttu et al,, 2006). In the case of Evening Grosbeaks, their vocabulary
is incompletely described and the variation in structure of their primary
flight calls has not yet been fully explored.

We focused our analysis on type 1 Evening Grosbeaks, a group
known to breed primarily in the Pacific Northwest and to wander
widely across western North America, overlapping in occurrence
with at least three of the remaining four call types, especially type 2
in the Sierra Nevada Mountains of California (Gillihan and Byers,
2020). Critical evaluation of variability in type 1 calls and
comparisons with type 2 calls, however, are needed to minimize
identification errors for several reasons. First, we still have a lack of
clarity regarding location of the geographic range boundary
between types 1 and 2, the extent to which each range overlaps
and the degree of dynamism across years in those range boundaries.
Second, type 1 birds are known to wander widely across western
North America and overlap extensively with type 2 birds during the
non-breeding seasons. Third, type 2 birds have been detected
increasingly north of their traditional Sierra Nevada Mountains
geographic range. Our objectives were to: 1) describe the variety of
call notes given by Evening Grosbeaks by recording them during
their annual spring migration through our study area; 2)
characterize the range of variation in the primary flight calls of
type 1 birds; 3) assess the degree to which their call notes might be
confused with calls of type 2, the only other type known to co-occur
in the Pacific Northwest USA; 4) determine if other call notes aside
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from the primary flight calls may be used to distinguish type 1 from
type 2 birds; and 5) determine the level of confidence with which
calls may be used to track movements across geography and time.

2 Methods
2.1 Study area

The campus of Oregon State University in Corvallis, Oregon
(44.56570, -123.27890), is a well-known spring migratory stopover
site where Evening Grosbeaks forage on tree seeds for several weeks
before continuing their migration to breeding sites (Robinson et al,
2022). In the 1970s, 150,000 to 250,000 birds gathered on campus to
consume elm seeds but in recent decades the numbers have declined to
10,000 or fewer birds. We surveyed campus two to four times per week
from late March through late May, 2023, by walking 5 km of transects
routed along paths passing by the 140 elm trees growing on campus.
We also augmented our Corvallis recordings by searching nearby
forests in the Coast Range mountains of Benton County, adjacent to
Corvallis. As grosbeaks are social and noisy birds, we listened for their
calls to locate them. Once discovered, we counted them (see Robinson
et al., 2022 for further details) and recorded them.

2.2 Sources of recordings

Recordings were made by positioning ourselves beneath trees
containing perched Evening Grosbeaks. Flying flocks were also
recorded when possible. When birds were perched, we aimed to
obtain 1-2 minutes of recordings per flock. We used several types of
recorders, including microphones built into smart phones (Apple
iPhone XR and Samsung Galaxy) running the Voice Record Pro
app, Zoom H5 Handy recorder and a Sennheiser ME-420 with
parabolic mic. The same devices were also used to record birds
discovered during ad hoc surveys across Corvallis and the nearby
Coast Range woodlands in western Oregon. All recordings were
archived in the Macaulay Library (https://www.macaulaylibrary.org)
in association with eBird checklists. We also downloaded recordings
from eBird/Macaulay Library and quantified calls in recordings made
by other observers across western Oregon. Type 2 calls were
downloaded from Macaulay Library from sites in Oregon and the
Sierra Nevada Mountains, California.

2.3 Data analysis

We used Raven Pro (Cornell Lab of Ornithology, 2023) to view
spectrograms of each recording and explore the diversity of calls
made by Evening Grosbeaks in our study area (Figure 2). We
categorized calls as primary flight calls, trills and other calls. We
then visually sorted repeating patterns we observed among the
primary type 1 flight calls to capture the range of variation in those
calls. We visually inspected spectrograms of more than 10,000 calls.
We did not attempt to count exactly the number of calls reviewed.
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The number of calls per second in the 160 recordings we inspected
ranged from 0.2 to 10, across the 250 minutes of recordings. Next,
we grouped calls into categories based on subjective assessment of
recurring structural shapes. Subsequently, we randomly selected 40
recordings for type 1 and type 2 birds then chose at random within
each of those recordings a flight call to measure quantitatively. We
measured maximum and minimum frequency (Hz), difference
between the maximum and minimum frequency (Hz), duration
(s) and asymmetry of call shape. Asymmetry was a proportion
where the difference between the maximum frequency of each call
and the initial starting low frequency was divided by the difference
between the maximum frequency and terminal low frequency. Calls
with shorter initial elements had lower ratios than calls with initial
and terminal elements that were similar in frequency span. We used
the same process for selection of trills and measured the same
characteristics (except for asymmetry). We also included a
characteristic unique to trills, a count of the number of frequency
peaks in each trill call, which indexed the ‘speed’ of the trills
(number of peaks/second). Other calls were rare so we did not
quantify their structures.

We compared characteristics of type 1 and type 2 calls to
determine the degree to which the variability of calls in each call
type might lead to inaccurate identifications. To do so, we compared
with one-way analysis of variance the duration, low and high
frequencies and the change in frequencies of flight calls and trills,
plus the number of trills per unit time in trill calls and our measure
of asymmetry. We used discriminant function analysis (DFA) to
assess accuracy of identifications of each set of calls to type. In the
DFA, we explored the combinations of our measurements that
allowed the highest accuracy of identifications, utilizing the linear,
common covariance approach. We used all possible combinations
of our variables with exceptions. High and low frequencies were
uncorrelated but low frequencies were negatively related to delta
frequency (high minus low frequency within each call) and high
frequencies were positively related to delta frequency. Therefore, we
did not combine low or high frequency measurements with delta
frequency in our DFA. All analyses were conducted with JMP
(JMP, 2018).

3 Results

We observed two main categories of call notes in Evening
Grosbeaks in our study area (Figure 2). Primary flight calls and
trills composed almost all of the calls but a variety of other rare
vocalizations, which we did not characterize further, were recorded.

We recognized 11 recurring shapes of type 1 flight calls
(Figure 3). These corresponded to 3 of the call shapes categorized
by Sewall et al. (2004) plus 8 other variants. The primary flight calls
were dominated by descending constrained whistles lasting
approximately 0.15 sec, initiated at a mean high frequency of 4625
Hz and ending at mean frequency of 2540 Hz. Typically, the flight
calls descended and included an inflection near the midpoint of the
calls where the rate of decline in the frequency slowed briefly.
Elaborations of the simple descending note were responsible for the
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Evening Grosbeaks have two major categories of call types, including flight calls and trills. Left column of spectrograms are all Type 1 calls and right
column is Type 2. Examples of typical flight calls (A, D) and trills (B, E) are depicted. Additional calls, such as the click of type 1 birds (C) were rarely

encountered. X-axis is time and tick marks are spaced at 0.1 sec intervals

range of variation we observed. Most often a brief (less than 0.05 sec)
upward inflection was appended immediately prior to and
continuous with the main descending call note. Extensions of the
duration of the midpoint frequency stabilization were noted in many
variations and other calls were structured with longer initial sections
that rapidly modulated frequency in a narrow band and so resembled
brief trills. Occasionally, we observed calls we categorized as flight
calls that included similar initial sections but largely lacked or had
greatly reduced down-slurred whistles, which caused the images to
appear spectrographically similar to typical flight calls of type 2 birds
(Figures 3], K).

When statistically comparing the type 1 and type 2 flight calls,
all measurements overlapped (Table 1). A comparison of means,
however, showed individual type 1 calls were briefer in average
duration, spanned a wider range of frequencies, and extended to
higher and lower frequencies than type 2 calls (Table 1). Type 1
flight calls were also more asymmetric in shape than type 2 calls.
The initial upward element of type 1 calls begins at a higher
frequency (and is often completely missing) than the initial
element of type 2 calls but both end at similar frequencies as the
final elements terminate. Overall, despite extensive overlap in most
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characteristics of the type 1 and type 2 primary flight calls, they were
statistically significantly different, particularly with respect to
duration and asymmetry of shape.

Trills were also quite variable within type 1 birds (Figure 4).
Comparing structure of trills with type 2 birds, we found patterns
similar to those when comparing flight calls except for duration
(Table 2). Mean duration differed by only 0.01 sec. Frequency peaks
during each cycle of trill calls also overlapped between type 1 and 2
birds but type 2 birds averaged 3 more peaks per unit time and so
had faster trills. The frequency range of individual type 2 trill calls
had lower low and higher high frequencies than those of type 1
trills, which also produced a wider difference in low to high (delta)
frequencies, on average, within type 2 trills.

Discriminant function analyses revealed misclassification rates as
high as 55% for flight calls and 42% for trills when single
characteristics were inspected (Table 3). Dramatic reduction of
misclassification errors was achieved when multiple call components
were combined. Misclassification of flight calls to correct call type were
lowest (1.3%) when duration was combined with asymmetry. If
asymmetry information was excluded, misclassification rates based
on only frequency and duration measurements were still robust at 2.5-
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Variation in Type 1 flight calls revealed at least 11 repeated variants within the approximately 10,000 calls we reviewed. Of the 11 variants shown,
(A—G) were common while (H-K) were rare. X-axis is time and tick marks are spaced at 0.1 sec intervals.

5%. Using duration alone, only 3.8% of flight calls were misclassified to
call type. Trills were more often incorrectly classified to call type based
on our set of characteristics but the combination of number of trill
peaks, duration and delta frequency produced the lowest
misclassification rate (8.8%).

TABLE 1 Duration (s), frequency and asymmetry characteristics of the
primary flight calls of type 1 and type 2 Evening Grosbeaks.

Type 1 Type 2 F

Duration (min-max) 0.105-0.207 0.100-0.253
Duration (mean + SD) 0.148 0.225 231.1,

+0.021 +0.024 p<0.0001
Low Frequency (min-max) 2183-3063 2093-3123
Low Frequency (mean + SD) 2540 + 223 2679 + 199 8.7, p=0.0042
High Frequency (min-max) 4083-4923 4160-5324
High Frequency (mean 4625 + 190 4824 + 244 16.7, p=0.0001
+8D)
Delta Frequency (min-max) 1328-2653 1455-3164
Delta Frequency (mean 2085 + 303 2145 + 352 0.7, p=0.4145
+8D)
Asymmetry (min-max) 0-0.61 0.49-1.0 3234,
Asymmetry (mean + SD) 0.23 +0.20 0.85 + 0.09 p<0.0001

Minimum and maximum values of duration, low, high and high minus low (delta) frequencies
(Hz) and asymmetries are reported. Asymmetry is the proportion calculated by dividing
frequency difference between maximum and lowest initial frequency by the difference between
maximum and lowest ending frequency. Statistical comparisons of means are reported.
Sample sizes were N=40 for both call types 1 and 2.
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4 Discussion

Type 1 Evening Grosbeaks have primary flight calls composed
of a core element, a descending, frequency-inflected whistled teew.
Deviations from the core element are diverse and include addition
of initial ascending elements, addition of brief (<0.03 sec) bursts of
rapidly frequency-modulated notes prefacing the downward whistle
and reduction of the differences between the maximum and
minimum frequencies within notes. Despite the substantial
variation in these notes, primary flight calls produced by type 1
birds were accurately separated from the most likely other call type
to occur with them in our region, type 2, in 98% of cases.
Furthermore, we discovered that trills, calls commonly given by
both types 1 and 2 Evening Grosbeaks, were identified accurately to
type based on a small set of measured characteristics in 91% of
cases. Although all characteristics of flight calls and trills that we
measured overlapped extensively among the two types, average
differences and differences of multiple characteristics assessed in
combination permit accurate identification to type in nearly all
cases. The key differences were duration, which averages shorter in
type 1 birds, and asymmetry in call shape. The first half of most type
1 calls spans a narrower range of frequencies than the second half
whereas in type 2 calls the first and second halves of primary flight
calls appear to span similar frequency ranges quite consistently.

Several aspects of vocal characteristics require further study to
build our understanding of sources of variation in call structures
and potential additional opportunities or limits to application of
audio recordings for tracking grosbeaks by call type. First, we
analyzed recordings but rarely knew additional information about
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Trills of Type 1 birds (A=1) were also quite variable in duration, number of frequency peaks per unit time, and frequencies spanned but were largely
distinct from trills of Type 2 birds (e.g., Figure 2), which averaged more peaks per unit time. X-axis is time and tick marks are spaced at 0.1

sec intervals.

identity of the calling birds such as sex or age. Careful observation of
specific individuals might reveal relationships we could not detect.
We did note a small tendency for frequency characteristics of type 2
flight calls and trills to be bimodal, which could possibly relate to

TABLE 2 Duration (s) and frequency characteristics of the trills of type 1
and type 2 Evening Grosbeaks.

Type 1 Type 2 F

Duration (min-max) 0.116-0.351 0.147-0.235
Duration (mean + SD) 0.193 0.184 1.1, p=0.307

+ 0.051 +0.022

Low Frequency (min-max) 2430-3308 1550-3325
Low Frequency (mean + SD) 2785 + 210 2539 + 462 9.38, p=0.003

High Frequency (min-max) 4253-5096 4327-5088
High Frequency (mean 4523 + 399 4955 + 657 12.6,
+8D) p=0.0007

Delta Frequency (min-max) 889-2490 770-4324
Delta Frequency (mean 1739 + 384 2415 £ 751 25.8,
+SD) Pp<0.0001

Trill peaks (min-max) 3-8 5-13
Trill peaks (mean + SD) 50+ 1.18 7.9 +2.42 46.6,
p<0.0001

Minimum and maximum values of duration, low, high and high minus low (delta) frequencies
(Hz) are reported. Statistical comparisons of means are reported. Sample sizes were N=40 for
both call types 1 and 2.

Frontiers in Bird Science

sexual dimorphism. We did not see evidence of bimodal
distributions in type 1 birds.

Second, the question of whether primary flight calls are limited
to flying birds or also given by perched birds remains to be
rigorously answered. Anecdotally, we observed that the full range
of variants of flight calls in type 1 birds were recorded in the large
foraging (perched) flocks at our primary study site. We consider it
possible that flying birds give a more limited set of calls while
commuting but note that sample sizes of flying birds may be
naturally smaller because birds quickly move out of range of
microphones. Again anecdotally, the most frequently heard type 1
flight call variant at our study site was the pure descending whistle
(Figures 3B, C), which is quite different from any type 2 call. We
have no evidence type 2 birds ever give descending whistles like that
type 1 call. This observation, if supported by additional quantitative
analysis, would indicate that separation of type 1 from type 2 birds
when detected as fly-overs, for example, with automatic recording
units should not cause concern about misclassification errors.

We found that a limited and easily measured set of variables aids
in the correct classification of more than 98% of primary flight calls
and 90% of trills to type 1 versus type 2. We are not aware of any
confirmed records in our study area of the other three types reported
to occur in North America. Nevertheless, additional quantitative
comparisons of the range of variability in types 3 and 4, especially,
should be conducted as type 1 may co-occur at least in some years
with each. Additional quantitative analysis of variation of types 2
versus 4 should be conducted as those types appear to be the most
similar (Sewall et al., 2004). Given evidence that both types 3 and 4
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TABLE 3 Rates of correct vs incorrect classifications of Evening
Grosbeak call types as determined from discriminant function analysis.

Category Characteristic(s) % Entropy
of call Misclassified R-square
Flight call | Duration 3.8 0.670
Low Frequency 30.0 0.076
High Frequency 31.3 0.142
Delta Frequency 55.0 0.006
Asymmetry 5.0 0.868
Duration + Low 2.5 0.854
Duration + High 3.8 0.669
Duration + Delta 2.5 0.680
Duration + Low 2.5 0.686
+ High
Asymmetry 1.3 0.904
+ Duration
Asymmetry + Low 5.0 0.888
Asymmetry + High 5.0 0.878
Asymmetry + Delta 5.0 0.869
Asymmetry + Low 3.8 0.900
+ High
All five 1.3 0.910
Trill | Duration 42.5 0.010
Low Frequency 338 0.083
High Frequency 33.8 0.109
Delta Frequency 27.5 0.222
Duration + Low 38.8 0.088
Duration + High 312 0.133
Duration + Delta 25.0 0.240
Duration + Low 25.0 0.243
+ High
Low + High 21.2 0.228
Trill peaks 27.5 0.347
Trill peaks + Duration 25.0 0.402
Trill peaks +Low 25.0 0.388
Trill peaks + High 12,5 0.524
Trill peaks + Delta 13.8 0.540
Trill peaks + Duration 8.8 0.623
+ Delta
Trill peaks + Low 13.8 0.540
+ High
All five 10.0 0.639

Comparisons are based on different combinations of duration, low, high and delta frequencies
(for flight calls and trills) and asymmetry (for flight calls) and number of trill peaks (for trills).
Frequency variables were correlated with Delta Frequency so not all combinations are
represented. Lowest misclassification rates for each category of call are in bold. Sample
sizes were N=40 for each call type in each category of call.
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wander widely across the boreal and eastern North America (type 3)
or the Rocky Mountains (type 4) correct classification of those types
will be enhanced by a fuller understanding of the diversity of calls
those types produce. Overall, our evidence from analysis of variability
in types 1 and 2 aligns with the previous conclusion that the four
main types in North America should be diagnosable with confidence
(Sewall et al,, 2004) but we encourage additional quantitative
comparisons. Such analyses may reveal a previously unappreciated
diversity of variants in flight calls and, as we found, that other calls
(such as trills) given by each call type may also provide additional
evidence for correct identification to call type.

In conclusion, accurate identification by sound provides
confidence that these different populations, otherwise inseparable in
the field based on morphology alone, can be identified and tracked
through time and across their ranges with a high level of confidence.
The rapidly increasing number of recordings collected by community
scientists and archived in public databases such as the Macaulay
Library (eBird) and xeno-canto.org (Figure 5), provides an
unparalleled opportunity to monitor the movements and map the
geographic ranges of Evening Grosbeaks. Type 1 grosbeaks, in
particular, appear to engage in fairly consistent spring migration
patterns, appearing in Pacific Northwestern woodlands each spring
(Robinson et al., 2022). However, dynamism exists in their patterns of
migratory movement and selection of breeding range, neither of
which have been well quantified. We conclude that confidence in
correct identifications from audio recordings and the widespread
coverage of western North America by birders contributing
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FIGURE 5

The availability of sound recordings of Evening Grosbeaks has increased
dramatically since the publication of Sewall et al. (2004). The increase
accelerated when eBird implemented drag and drop tools for
contributors to add sound recordings to their eBird checklists. The
recordings accumulated in the Macaulay Library much faster after that
time. Differences across the call types (T1, T2, etc) are inconsistent with
type 1 being the most frequently recorded and type 5 (not shown)
containing less than 10 total recordings as of 2023. Illustration of
Evening Grosbeak: © 2023 Jack Hobe | www jackhobe.com.
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recordings should help reveal in finer detail the irruptions and
interannual variation in distribution of type 1 birds. Such data are
a first step toward unraveling potential causes of distributional shifts
of type 1 populations. Improvements in knowledge of movements,
causes of irruptions and drivers of population fluctuations will also
inform on-going efforts to conserve and restore populations of
Evening Grosbeaks, such as with the Road 2 Recovery Project in
Canada and the United States. To our knowledge, aside from the
widely studied Red Crossbills, Evening Grosbeaks are among a
unique group of birds that can now be tracked by call type. Given
that each call type of Evening Grosbeak may be directly linked to
subspecific status and each appears to largely occupy a distinct
geographic region for breeding, monitoring to inform conservation
and management of the different populations appears feasible.

As our confidence in the utility of call types for tracking
movements of infraspecific-level groups grows, the variety of
ecological questions we can address increases. How dynamic are
the geographic ranges of each call type from year to year and how
much overlap occurs? Are call-type groups simply geographically
separated subdivisions or are they potentially also divided into
ecotypes specializing on particular food resources as at least some
Red Crossbill call types do (Centanni et al., 2024)? Are the call-type
groups cohesive lineages, perhaps even cryptic species, or do mixed-
group pairings occur at geographic range boundaries? Which call-
type groups are the most irruptive and what drives the irruptions?
Knowledge of the biology of this species of conservation concern
can improve rapidly using audio recordings to achieve identification
to call-type populations, putatively subspecies, in the field.
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