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ABSTRACT. Red Crossbill (Loxia curvirostra percna; e.g., Type 8) is considered a distinctive taxonomic group likely restricted to the
island of Newfoundland. Although it has been speculated that the percna subspecies may be extinct, recent works continue to show
that Red Crossbills from insular Newfoundland are morphologically and vocally distinct. Large-billed Red Crossbills that may be
percna have been observed outside Newfoundland and these sightings are likely due to movements of birds to the mainland during
times of food shortages in their core range of occurrence. Red Crossbills had been previously detected on Anticosti Island, in 1963 and
in the 1980s, but subspecies or vocal type identification was not attempted at that time. In recent years, regular sightings of large-billed
Red Crossbills have been reported annually on Anticosti Island. Our main objectives with this study were to find Red Crossbills on
Anticosti Island to (1) confirm the presence of percna by collecting vocal and morphological data, and (2) determine habitat associations
of observed Red Crossbills. Morphometric and spectrographic analyses confirmed that some of the Red Crossbills present on Anticosti
during our study were percna. Our results also suggest that the island may support breeding individuals of percna, which has direct
consequences for the species’ recovery capability, because it would increase the known population of this threatened species.

Expansion de l'aire de répartition du Bec-croisé des sapins (Loxia curvirostra percna), une espèce
menacée, au Canada : nouvelles découvertes provenant de l'île d'Anticosti, Québec
RÉSUMÉ. Les Becs-croisés des sapins du type 8 (Loxia curvirostra percna) sont considérés comme un groupe taxonomique distinct,
vraisemblablement limité à l'île de Terre-Neuve. Même s'il a été avancé que la sous-espèce percna pourrait être disparue, des travaux
récents indiquent encore que les becs-croisés observés sur Terre-Neuve ont une morphologie et des vocalisations distinctes des autres
sous-espèces. Des Becs-croisés des sapins munis d'un gros bec et appartenant peut-être à la sous-espèce percna ont été observés à
l'extérieur de Terre-Neuve; ces observations sont probablement le fait d'oiseaux s'étant déplacés vers le continent lorsqu'une disette
sévissait dans le coeur de leur aire de répartition. Des Becs-croisés des sapins ont déjà été repérés sur l'île d'Anticosti, en 1963 et dans
les années 1980, mais aucune identification à la sous-espèce ou au type vocal n'avait alors été faite. Des observations régulières de Becs-
croisés des sapins à gros bec ont été rapportées chaque année sur cette île au cours des récentes années. Notre étude avait pour but de
trouver des Becs-croisés des sapins sur Anticosti pour : 1) confirmer la présence de percna en amassant des données vocales et
morphométriques; et 2) déterminer les habitats que fréquente cet oiseau sur cet île. Les analyses morphométrique et spectrographique
ont confirmé que certains des becs-croisés présents sur Anticosti durant notre étude étaient des L. c. percna. Nos résultats indiquent
aussi que cette île hébergerait peut-être des individus nicheurs de percna, possibilité qui a des conséquences directes sur le rétablissement
de cette espèce menacée, puisque la taille de sa population serait alors plus grande que ce qu'on pense.

Key Words: conifer; crossbills; habitat association; morphometric; population dynamic; species at risk; species interactions; spectrographic
analyses; vocalization; vocal type

INTRODUCTION
According to the ecological model of speciation, divergent natural
selection drives the accumulation of differences, causing
reproductive isolation among populations using different
resources or occupying different habitats (Schluter 2001). North
American Red Crossbills (Loxia curvirostra complex) are a group
where divergent selection for foraging on alternative resources has
been implicated in adaptive radiation and could potentially
contribute to reproductive isolation (Benkman 1993, 1999, 2003,
Benkman et al. 2001, Parchman and Benkman 2002). There are
at least 10 Red Crossbill “vocal types” in North America (Young
and Spahr 2017), which differ in morphology (e.g., bill size and

palate structure; Benkman 1989, 1993, Groth 1993), genetics,
ecological associations, and behavior (Groth 1993, Parchman et
al. 2006, Young et al. 2012). Groth (1993) posited that each taxon
gives a unique, identifiable call when in flight. Although this still
has to be demonstrated, types may be reproductively isolated even
when they are not geographically separated (Knox 1992, Groth
1993, Edelaar 2008, Benkman et al. 2009). Thus, it is hypothesized
each of these types may represent a different incipient species
(Parchman et al. 2006). In field and laboratory studies, Benkman
et al. (2009) described a high level of reproductive isolation in
Type 9 crossbills in sympatry with other call types (e.g., 2 and 5),
either by field or laboratory observations. The Cassia Crossbill
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(Loxia sinesciuris; Type 9) is now recognized as a distinct species
on the basis of differences in genetics, morphology, and behavior
(Chesser et al. 2017).  

The percna subspecies (i.e., Type 8) of the Red Crossbill is
considered a distinctive taxonomic group likely restricted to
insular Newfoundland (Bent 1912, Payne 1987, Groth 1993).
Compared to other forms of North American Red Crossbills,
percna is larger overall, with a larger bill and darker plumage (Bent
1912, Payne 1987, Groth 1993). Although it has been speculated
that the percna subspecies may be extinct (Parchman and
Benkman 2002, Benkman et al. 2008, Benkman 2010), recent
works continue to show that Newfoundland crossbills are
morphologically and vocally distinct (Young et al. 2012, Hynes
and Miller 2014). Morphological measurements (bill depth and
bill length) from Newfoundland birds (n = 5) are near those known
for Type 8 (Young et al. 2012), and birds utter several unique call
classes, which are presumed to be associated with percna (sensu
Groth 1993).  

As for other Red Crossbills subspecies, percna is a cone specialist
seed-eater extremely specialized for foraging in coniferous habitat
(Adkisson 1996). Past records of percna in Newfoundland are
consistently reported in red pine (Pinus resinosa) stands, but very
few of these stands remain these days (COSEWIC 2016). Hence,
black and white spruce (Picea mariana and P. glauca, respectively)
and tamarack (Larix laricina) are thought to be the most
important food resources for crossbills in insular Newfoundland
(Benkman 1989). Red squirrels (Tamiasciurus hudsonicus),
introduced to insular Newfoundland in the 1960s (Payne 1976),
are known to be important cone consumers (Smith 1968, 1970,
Steele et al. 2005) and nest predators of birds (Reitsma et al. 1990,
Darveau et al. 1997), and are thought to pose an important threat
to percna (COSEWIC 2016). Further, competition for seeds
between Red Crossbills and red squirrels is thought to be
augmented by black spruce having reduced cone defenses, e.g.,
cones with more seeds, directed at squirrels due to its historical
absence in Newfoundland (Parchman and Benkman 2002).
Instead, Parchman and Benkman (2002) argue that the cone
defenses observed in Newfoundland black spruce, e.g., increased
scale thickness, are the result of a coevolutionary arms race
between black spruce and percna that occurred during the last
9000 yr.  

Observations of large-billed Red Crossbills outside Newfoundland,
i.e., in Québec, Nova Scotia, and New Brunswick, that may be
percna, are likely due to irruptions of birds to the mainland during
times of food shortages in their core range of occurrence (Newton
1967, Smith and Balda 1979, Benkman 1987, Young and Spahr
2017). In Québec on Anticosti Island, Red Crossbills were
detected during the 1984–1989 Québec Breeding Bird Atlas
(Létourneau 1995), but subspecies identification was not
attempted at that time. Since the early 2000s, regular sightings of
large-billed Red Crossbills have been reported annually on
Anticosti Island where red squirrel is absent.  

The percna population on the island of Newfoundland is
estimated to be 500–1500 individuals (COSEWIC 2016). If  Red
Crossbills of Anticosti Island comprise percna, it may have
important implications concerning conservation and recovery of
this threatened species by having the potential to increase its
global population. Thus, the main objectives of this study were

to confirm the presence of percna (Type 8) on Anticosti Island
with vocal and morphological measurements, and to determine
possible habitat associations of percna on the island.

METHODS

Study area
Anticosti Island is located in Québec in the Gulf of St. Lawrence
(7943 km²; Fig. 1), and belongs to the eastern balsam fir (Abies
balsamea)-paper birch (Betula papyrifera) bioclimatic region
(Saucier et al. 1998). Approximately 200 white-tailed deer
(Odocoileus virginianus) were introduced to Anticosti Island in
the late 19th century. In the absence of large predators, the
population rapidly increased, and densities now average > 20 deer/
km (Rochette and Gingras 2007). Large deer populations have
considerably modified the composition and structure of Anticosti
forests: shrubs have been virtually eradicated, the understory is
generally sparse and very open (Tremblay et al. 2005), and balsam
fir-dominated stands have gradually been converted into white
spruce stands (Potvin et al. 2003). Old forest stands (> 90 yr) now
constitute ≥ 50 % of the landscape (Potvin et al. 2003).

Fig. 1. Study sites (recording and specimen collection sites
represented by white and black circles, respectively) on
Anticosti Island (Gulf of St. Lawrence, Québec, Canada) were
affected by spruce budworm and were classified as having low
(yellow), medium (orange), and high (red) levels of defoliation.

Principal natural disturbances in Anticosti Island are spruce
budworm (Choristoneura fumiferana) and hemlock looper
(Lambdina fiscellaria). The last spruce budworm outbreak
occurred between 1975 and 1984; hemlock looper infestations last
occurred in the early 1970s (Chouinard and Filion 2005). In 2012,
new hemlock looper infestations were observed on Anticosti
(MRNF 2012), and new defoliations associated with spruce
budworm were reported in 2014 (MFFP 2015).
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Data sampling
Field data were collected from 8–16 July 2014 by two observers.
We chose study sites based on a preliminary visit to the island in
June 2014. Playbacks were played at each kilometer of forested
roads for three minutes or when Red Crossbills were encountered.
Vocalizations were recorded using a H2 Handy Recorder and a
RODE NTG-2 microphone. When possible, we mounted the
microphone on a 3-m pole to minimize the distance between the
microphone and calling birds. Vocalizations were sampled at 44.1
Hz and digitized at 16 bits. Although flight calls given by an
individual bird have been confirmed to be relatively stable over
time (Sewall 2009, 2011), call types correspond with slight
differences in morphology (Groth 1993, Benkman 1993,
Parchman et al. 2006). To confirm the identity of percna, we
attempted to collect both vocal and physical data from each
individual by using mist nets and playbacks, but birds stayed
above net height. Three birds (two adults and one juvenile) were
collected with a Crosman Phantom rifle (Environment and
Climate Change Canada Scientific permit SC-54), and have been
given to the Canadian Museum of Nature.

Acoustic analyses
Class I and II calls (Hynes and Miller 2014; also known
respectively as “flight” and “excitement” calls) have been
recognized as type- or in the case of percna, subspecies specific
crossbill calls (Groth 1993). Calls of Red Crossbills were first
classified by type based on listening and visual assessments of
spectrograms by D. Hynes and M. Young. Songs were also
isolated for visual comparisons, although we acknowledge more
study is needed on Red Crossbill song to determine if  motifs can
provide diagnostic cues for vocal type recognition. To compare
quantitatively calls with those from Newfoundland, nine
measurements were made on the fundamental frequency of Class
I calls using Raven Pro 1.5 (Bioacoustics Research Program 2014).
The selection of samples in time and frequency was guided using
the Peak Frequency Contour (PFC) tool, which provides the peak
frequency value for each spectral slice. Five acoustic
measurements were computed directly from PFC values: the
frequency at start, the frequency at end, the minimal frequency,
the maximal frequency, and the mean frequency (Fig. 2). The last
was computed as the sum of peak frequency values for all spectral
slices divided by the total number of spectral slices. Three
variables were based on 25%, 50%, and 75% quantiles of energy
distribution across calls to provide relatively robust acoustic
measurements, i.e., less sensitive to variation in signal-to-noise
ratio, reverberation, brightness and contrast settings, and human
subjectivity). The variable “duration” was the period of time
within a given selection (Fig. 2). Spectrograms were made with a
394 point (8.93 ms) Hann window (3 dB bandwidth = 161 Hz)
with 94.4 % overlap, and a 4096 point discrete Fournier transform,
yielding time and frequency measurement precision of 0.0454 ms
and 10.8 Hz.

Morphometric analyses
Bill depth and bill length (upper mandible) were measured on the
three individuals collected in 2014, and on 103 Red Crossbill
specimens from the Canadian Museum of Nature. Museum
specimens were collected mostly in June and July (67%; n = 69),
the same period of our field sampling. The museum specimens
originated from diverse regions across Canada (n in parentheses):

British Columbia (29), Alberta (12), mainland Québec (26),
Anticosti Island (2), Nova Scotia (5) and insular Newfoundland
(29). We did a linear discriminant analysis (LDA; Izenman 2013)
to predict a classification of red crossbills based on the
combination of bill depth and bill length of each specimen using
the function lda of  the MASS package (Ripley et al. 2016). Also,
in order to objectively evaluate the chance-corrected percentage
of agreement between actual and predicted group memberships
(agreement; Cohen 1960) of our LDA, we calculated the Cohen’s
kappa value (K) using the function confusionMatrix of  the
CARET package (Kuhn et al. 2017). All statistical analyses were
done in R v3.2.0 (R core team 2015).

Fig. 2. Examples of the spectrographic variables used in the
study. The fundamental frequency of a Class I call from a Type
8 Red Crossbill (Loxia curvirostra) recorded on Anticosti Island
is shown. Variables were taken from the peak frequency
contour (PFC; grey dashed lines) computed with Raven Pro
1.5. The variable Mean PFC was computed as the sum of PFC
samples from all spectral slices divided by the total number of
spectral slices. The variable “Duration” was derived from the
selection box drawn around the call in Raven Pro. For
standardization, the time and frequency interval between
successive samples was 0.0454 ms and 10.8 hz. (Start: PFC at
start; End: PFC at end; Min: Minimal PFC; Q25%, Q50%, and
Q75%: Frequency at the 25%, 50%, and 75% energy quantile of
the selection; Max: Maximal PFC.)

Habitat associations
To determine habitat at sites with Red Crossbills, we overlaid sites
onto digitized habitat layers. An ArcGIS Geoprocessing Wizard
(ArcGIS 10.1; ESRI 2012) was used to clip habitat types at sites.
Habitat types were established using 1:20,000 forest maps
published by the Québec Ministry of Natural Resources in 2012,
which were updated to incorporate disturbances, i.e., fires and
logging.

RESULTS

Vocalizations
Most of the recordings were of medium to low acoustic quality
(n = 14). Some recordings contained Class I calls with acoustic
characteristics that fell within the range of Class I variation of

http://www.ace-eco.org/vol13/iss1/art10/


Avian Conservation and Ecology 13(1): 10
http://www.ace-eco.org/vol13/iss1/art10/

Table 1. Descriptive statistics (grand mean ± SD, range in parentheses) for variables measured on 14 Red Crossbill
(Loxia curvirostra) calls recorded on Anticosti Island in June 2014 and 836 Red Crossbill calls recorded in
Newfoundland, 4 February 2010–2 August 2011.
 
Acoustic variables T8 Anticosti T8 Newfoundland§

(3†, 14 ‡) (72, 836)

Frequency variables (Hz)
Peak frequency contour (PFC) at start 3336 ± 98 (3230–3424) 3767 ± 330 (2870–4708)
PFC at end 2733 ± 256 (2476–2989) 3065 ± 343 (2101–4074)
Minimal PFC 2721 ± 104 (2616–2824) 2909 ± 214 (2061–3363)
25% quantile frequency 3247 ± 99 (3133–3316) 3406 ± 189 (2676–3920)
50% quantile frequency 3469 ± 7 (3464–3478) 3581 ± 185 (2816–4082)
75% quantile frequency 3568 ± 16 (3553–3585) 3740 ± 194 (2959–4316)
Maximal PFC 3650 ± 58 (3585–3696) 4116 ± 299 (3508–4841)

 
Mean PFC 3354 ± 56 (3289–3390) 3512 ± 177 (2772–4056)

 
Temporal variables (ms)
Duration 42 ± 1 (28–51) 52 ± 5 (41–63)
†n individuals
‡n calls
§Newfoundland data from Hynes and Miller (2014)

Type 8 birds found on the island of Newfoundland (Table 1).
Several Class I calls from Anticosti Island had (1) a high degree
of modulation, with individual calls containing at least three
abrupt frequency changes (e.g., “M-shaped” frequency
modulation; Fig. 3A-B); (2) most of the energy concentrated
around 3.5 kHz; and (3) audible qualities like those of
Newfoundland Red Crossbills. Means of three robust quantile
frequency measurements fell near the respective values derived
from Newfoundland birds, which were previously identified as
Type 8 by Hynes and Miller (2014), and standard variation values
indicate high overlap between regions and types (Table 1).
Interestingly, both the audible qualities and spectrographs of
Class I calls also suggest that several other Red Crossbill types
may occur on Anticosti Island, i.e., calls without several abrupt
frequency changes (Hynes and Miller 2014) that do not resemble
the letter “M” (Young et al. 2012). In these cases, calls were more
similar to Types 1 and 2, which are two call types known from
nearby areas of mainland eastern North America (Fig. 3C-E).
Our Anticosti sample also contained some Red Crossbill “song,”
e.g., groups of sounds with a rhythmic or melodic character.
Several song motifs were uttered with short notes and trills similar
to those from individuals on the island of Newfoundland (D.
Hynes, unpublished data).

Morphological measurements
LDA classified Red Crossbills based on the combination of bill
depth and bill length with an acceptable level of agreement (K =
0.47). The first linear discriminant (LD1), associated with bill
depth, explained 92% of the between-group variance among Red
Crossbill specimens (Fig. 4; Table 2). The five Red Crossbill
specimens from Anticosti were included in the range of those from
Newfoundland and produced a centroid closest to the one
representing Newfoundland birds (Fig. 4), which explained the
posterior probability of classification of specimens from
Anticosti was highest for Newfoundland (0.58 ± 0.21). Specimens
from Newfoundland presented the highest posterior probability
of classification for their province (0.67 ± 0.24; Table 3). Figure
5 shows an example of a male Red Crossbill collected on Anticosti.

Fig. 3. Exemplars of Class I calls recorded from Red Crossbills
(Loxia curvirostra) Type 8 on (A) Anticosti Island (AI; from
this study) and (B) insular Newfoundland (NF; from Hynes
and Miller 2014). Some individuals recorded from Anticosti
Island resembled Type 2 (C, D; original recordings archived at
the Museum of Vertebrate Zoology and the Macaulay Library
(catalogue number ML106639), respectively) and Type 1 (E;
ML106639) Red Crossbills. Several individuals on (F) Anticosti
Island also uttered a song motif  with short notes and trills
similar to those from individuals on (G) the island of
Newfoundland (Hynes and Miller 2014; exemplars from two
individuals shown). Each Class I call in the figure represents an
individual and vertical bars separate individuals from different
regions.

Habitat associations
Most of the forest stands (75%; 15/20) on Anticosti Island with
Red Crossbills were dominated or codominated by white spruce
while 45% (9/20) where dominated or codominated by balsam fir.
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Table 2. Mean and SD of bill depth and length (mm) of Red Crossbill (Loxia curvirostra) specimens (n in parentheses)
from six different regions.
 

British Columbia
(26)

Alberta
(12)

Québec
(26)

Anticosti
(5)

Nova Scotia
(4)

Newfoundland
(24)

Bill depth 9.1 ± 0.5 8.3 ± 0.3 9.3 ± 0.7 10.2 ± 0.3 9.4 ± 0.7 10.3 ± 0.8
Bill length 16.3 ± 1.4 14.7 ± 0.8 15.6 ± 1.7 17.4 ± 0.7 17.0 ± 1.5 16.9 ± 0.9

Sixty percent (12/20) of forest stands with Red Crossbills were 30
yr stands that originated from past spruce budworm outbreaks
(1975–1984). Red Crossbills were observed at four different sites
(20%; 4/20) that had ongoing spruce budworm defoliation (Fig.
1). Interestingly, one of the birds collected had its crop full of
spruce budworm larvae (M. Gosselin, personal communication).

Fig. 4. Scores, centroids (bold dots), and 95% confidence limits
(dashed lines) from a linear discriminant analysis based on bill
measurements of Red Crossbill (Loxia curvirostra) specimens
from six different regions (AB: Alberta (n = 12); AN: Anticosti
(n = 5); BC: British Columbia (n = 26); NF: Newfoundland (n 
= 24); NS: Nova-Scotia (n = 4); QC: mainland Québec (n = 26).
The mean and SD of bill measurements can be found in Table
2.

Fig. 5. Photo of a male Red Crossbill (Loxia curvirostra)
collected on Anticosti Island during July 2014 (Environment
and Climate Change Canada Scientific permit SC-54). Photo
by Yann Rochepault.

DISCUSSION
This study documented the presence of adult and juvenile Red
Crossbills on Anticosti Island during June 2014 and provided
evidence that some of the observed individuals represent L. c.
percna (Type 8). Among the specimens we sampled, bill depth
values from Anticosti Red Crossbills were most similar to those
of Newfoundland Red Crossbills, percna subspecies (Groth 1993,
Benkman 1999, Young et al. 2012), than to those of Red Crossbills
from other provinces. Also, some of Anticosti Red Crossbill Class
I calls fell within the range of variation of calls from
Newfoundland that had been previously described as Type 8 and
percna (Young et al. 2012, Hynes and Miller 2014). Our results
also suggest that the Anticosti Island may support breeding
individuals of percna (and other call types), which has direct
consequences on the recovery capability by increasing the known
population, and range of this threatened species in Canada.  

Although our study is based on limited sample sizes of both
morphological and vocalizations, the congruent results from these
two distinct data sets strongly suggest establishment of percna 
Type 8 on Anticosti Island. Some frequency measurements, i.e.,
mean PFC, which are less sensitive to audio quality recording,
fell within the range of Newfoundland individuals, which are
vocally distinct from mainland Red Crossbills (Hynes and Miller
2014). Other acoustic variables (nonquantile frequency, duration,
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Table 3. Posterior probabilities of classification (mean [SD]) of Red Crossbill (Loxia curvirostra) specimens (n in parentheses) from a
linear discriminant analysis based on bill measurements. Bolded results represent the highest paired associations of a region (by column).
 

British-Columbia
(26)

Alberta
(12)

Québec
(26)

Anticosti
(5)

Nova Scotia (4) Newfoundland (24)

British Columbia 0.43 (0.18) 0.30 (0.12) 0.27 (0.18) 0.09 (0.10) 0.41 (0.19) 0.06 (0.03)
Alberta 0.12 (0.17) 0.51 (0.22) 0.12 (0.20) 0.00 (0.00) 0.11 (0.21) 0.00 (0.00)
Québec 0.31 (0.20) 0.17 (0.14) 0.36 (0.24) 0.16 (0.12) 0.21 (0.06) 0.14 (0.14)
Anticosti 0.02 (0.03) 0.00 (0.00) 0.04 (0.06) 0.14 (0.06) 0.07 (0.11) 0.11 (0.05)
Nova Scotia 0.07 (0.05) 0.02 (0.01) 0.04 (0.04) 0.03 (0.02) 0.07 (0.06) 0.02 (0.02)
NewFoundland 0.04 (0.06) 0.00 (0.00) 0.17 (0.27) 0.58 (0.21) 0.13 (0.21) 0.67 (0.24)

and intensity variables) are more sensitive to recording quality,
and these variables may have been degraded by using field
recorders of relatively low quality. We highlight the importance,
for diagnostic reasons, to obtain high quality recordings of Class
I and II calls by using adequate recording equipment. Our
recordings were not made with a directional microphone, or a
parabola, both of which can increase gain, i.e., amplification of
sounds, when birds are relatively far off.  

Despite earlier ornithological expeditions to Anticosti Island in
1862 (Verrill 1865), 1881 (Brewster 1883) and 1922 (Lewis 1924),
Red Crossbills were not reported there until 1963 (Ouellet 1969).
White-winged Crossbills (Loxia leucoptera) were reported for the
first time on the island in 1881 (Brewster 1883). The large white-
tailed deer population induced habitat changes on the island as
early as 1910, when tree recruitment likely began shifting away
from balsam fir and toward white spruce dominance, which later
led to further changes in forest stand composition (Potvin et al.
2003). Knowing that age of cone production of white spruce is
about 30 yr (Boulet 2013) and that Newfoundland Red Crossbills
are suspected to prefer spruce cones when available (Parchman
and Benkman 2002), we speculate that the forests of Anticosti
may have offered abundant food resources in the 1950s and 1960s.
At this time, Red Crossbills may have colonized Anticosti Island
if  food resources had failed elsewhere (sensu Newton 1967, Smith
and Balda 1979, Benkman 1987) and Newfoundland birds may
have been forced to disperse in greater numbers once red squirrels,
a primary conifer seed consumer, were introduced (Payne 1976).
Introduced to insular Newfoundland in the 1960s, red squirrels
(Smith 1968, 1970, Steele et al. 2005) are better competitors for
cone seeds than Red Crossbills (Benkman 2010). Furthermore,
cones on Anticosti may have characteristics favoring colonization
of percna given that cones there coevolved in an environment free
of squirrels (Benkman 1987). Accordingly, Red Crossbills are
more efficient in foraging on closed cones than White-winged
Crossbills and the predicted foraging efficiency of percna is higher
than other Red Crossbills mainly based on the size of its bill
(Benkman 1987). Thus, we speculate large-billed crossbills like
percna may have had an advantage over other colonizers of
Anticosti Island, e.g., White-winged Crossbills or other Red
Crossbill taxa, when foraging on a seed resource consisting of
mostly closed conifer cones. Evidence that such a scenario may
have occurred can be seen in the relative changes in abundance of
Red Crossbill and White-winged Crossbill by other observers. For
example, in the early 2010s, there was a coinciding decrease in
White-winged Crossbills and an increase of Red Crossbills on the
island during the second breeding atlas of Québec (Québec

Breeding Bird Atlas 2016). Further, Red Crossbills were among
the most abundant bird species on Anticosti during ornithological
excursions in July 2016, while White-winged Crossbills were
relatively uncommon (B. Drolet and J. Ibarzabal, all checklists
are available on eBird).  

We expected Red Crossbills to be associated with mature forest
stands, but most of our Red Crossbill observations occurred in
relatively young forests stands dominated by white spruce,
although we acknowledge that we surveyed only the central region
of the island. Indeed, a recent study reported that Red Crossbills
are indicators of mature conifer forests with high deer density on
Anticosti Island (Bachand et al. 2014). Although our results are
not congruent with Bachand et al. (2014), spruce budworm
infestations during our survey may have influenced foraging
behaviors of Red Crossbills. Accordingly, 20% of Red Crossbill
observations occurred in forest stands mapped as infested by
spruce budworms, and up to 75% of observations were within 1
km of mapped infested stands. Furthermore, one of the three Red
Crossbills collected had its crop full of spruce budworm larvae.
Impacts of spruce budworm outbreaks on Red Crossbill
populations have been described in a negative light because
outbreaks reduce the extent of mature forests at the regional scale
(sensu Bolgiano 2004). However, as we observed, Red Crossbills
may benefit from outbreaks by feeding on larvae during
infestations. Further study is needed to better understand the
short and medium term relationships between spruce budworm
outbreaks and Red Crossbill populations.

CONCLUSION
Our results may have important conservation implications for the
recovery and persistence of percna because the Newfoundland
population is thought to be relatively small and the subspecies
faces major threats. Some Red Crossbill populations exhibit
densities up to 20 times higher in the absence of red squirrels
(Benkman 2010), and Anticosti Island may act as refugia for
percna (Type 8). Further baseline studies are needed to better
understand the population dynamics of Red Crossbills on
Anticosti Island, especially with respect to percna; levels of
demographic and genetic exchange between Newfoundland and
Anticosti Island populations; and the relative proportions of Red
Crossbill types on Anticosti. Urgently needed are baseline studies
that aim to define the relationship between morphometric
measurements of percna and their Class I calls. To do this, physical
and vocal data need to be collected from individual birds.
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