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Site-infidelity by budworm-linked warblers at the edge of an area
defoliated by spruce budworm

Jeanne Moisan Perrier!, Daniel Kneeshaw?, Martin-Hugues St-Laurent ' and Marc-André Villard'
"Département de biologie, chimie et géographie, Centre d'étude de la forét, Université du Québec a Rimouski, Québec, Canada,
2Université du Québec 2 Montréal

ABSTRACT. Most songbird species show some degree of fidelity to their previous breeding location, especially after successful
reproduction. However, species associated with highly dynamic food sources (e.g., outbreaking insects) may have to adopt more flexible
strategies. Three species (Tennessee Warbler, Leiothlypis peregrina ; Cape May Warbler, Setophaga tigrina ; and Bay-breasted Warbler,
S. castanea ) show strong numerical responses to spruce budworm (Choristoneura fumiferana - SBW) outbreaks. These species, referred
to as "budworm-linked warblers", might track SBW larvae through extensive natal dispersal. Then, the superabundance of food during
outbreaks would be expected to lead to high breeding productivity which, in turn, should promote breeding site fidelity. Here, we aimed
to determine whether budworm-linked warblers were faithful to their previous year's breeding season location and, if so, whether their
probability of return was influenced by habitat characteristics such as the density of SBW larvae, stand structure, or landscape structure.
We hypothesized that return rate of budworm-linked warblers will be high, as reported in other species of New World warblers, and
we predicted that among habitat characteristics, return rate will increase with the density of SBW larvae. We banded 117 budworm-
linked warblers (94 % being males) in 75 study plots distributed along a gradient of SBW density and searched for returning individuals
within 50 m of their capture sites using song playbacks. Contrary to our hypothesis, resighting rate was very low (0-10.5%). This relative
"infidelity" suggests that breeding dispersal of budworm-linked warblers was relatively extensive. Only habitat proportion within an 8-
km radius had an important (negative) effect on the probability of resighting Bay-breasted Warbler. Budworm-linked warblers did not
exhibit strong site fidelity as adults, but instead performed breeding dispersal movements, presumably to track SBW outbreaks. This
strategy may reflect strong spatiotemporal variations in the density SBW larvae.

Infidélité au site chez les parulines de tordeuse en bordure d'une zone défoliée par la tordeuse des
bourgeons de I'épinette

RESUME. La plupart des espéces de passereaux montrent une fidélité relative a leur site de reproduction, surtout lorsque celle-ci a
été fructueuse. Cependant, les espéces associées a des ressources hautement dynamiques dans le temps et dans l'espace (p. ex. les insectes
connaissant des phases épidémiques) sont susceptibles d'adopter des stratégies plus flexibles. Trois espéces (Paruline obscure, Leiothlypis
peregrina ; Paruline tigrée, Setophaga tigrina ; Paruline a poitrine baie, S. castanea ) montrent une forte réponse numérique aux
infestations de tordeuse des bourgeons de 1'épinette (Choristoneura fumiferana - TBE). Ces especes, que 1'on appelle "parulines de
tordeuse", pourraient en principe suivre les infestations de TBE via leur dispersion natale. Par la suite, la superabondance de nourriture
durant les infestations devrait résulter en une productivité élevée, ce qui devrait promouvoir la fidélité au site de nidification. Dans le
cadre de cette étude, nous voulions déterminer si les parulines de tordeuse étaient fideles au site occupé durant la saison de reproduction
précédente et, dans un tel cas, si leur probabilité de retour était influencée par les caractéristiques d'habitat, telles que la densité de
larves de TBE, la structure des peuplements ou celle du paysage. Nous avons émis I'hypothése selon laquelle le taux de retour des
parulines de tordeuse serait élevé, tel qu'observé chez les autres espéces de parulines du Nouveau-Monde. De plus, nous avons prédit
que parmi les caractéristiques d'habitat considérées, le taux de retour augmenterait avec la densité des larves de TBE. Nous avons bagué
117 parulines de tordeuse (incluant 94 % de males) dans 75 sites d'étude distribués le long d'un gradient de densité de TBE et nous
avons cherché des individus de retour dans un rayon de 50 m de leur site de capture a l'aide de repasses de vocalisations. Contrairement
a notre hypothese, le taux de détection d'individus de retour a été tres faible (0-10.5%). Cette "infidelité" relative suggere que, chez les
parulines de tordeuse, la dispersion des adultes se fait sur des distances relativement grandes. Seule la proportion d'habitat dans un
rayon de 8 km a eu un effet (négatif) important sur la probabilité de détection d'individus de retour, et seulement chez la Paruline a
poitrine baie. Les parulines de tordeuse adultes n'ont pas montré une fidélité au site occupé 1'année précédente, suggérant qu'elles ont
effectué des mouvements de dispersion, possiblement afin de suivre la progression de l'infestation de TBE. Cette stratégie refléte sans
doute les importantes variations spatiotemporelles observées dans la densité des larves de TBE.
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INTRODUCTION

Dispersal plays a key role in the survival and reproductive success
of many species of animals (Bowler and Benton 2005), as well as
in their population dynamics (Clobert et al. 2009). Natal dispersal
refers to the movement of individuals between their natal site and
their first breeding site, whereas breeding dispersal is the
movement between subsequent breeding sites (Greenwood 1980,
Greenwood and Harvey 1982. With few exceptions (e.g., Dale et
al. 2005), the natal dispersal of songbirds has been shown to be
much more extensive, with distances ranging from tens to more
than one hundred km (Tittler et al. 2009), compared to breeding
dispersal distances generally <500 m (Greenwood and Harvey
1982 and references therein). Prospecting for a future breeding
site is energetically expensive (Danchin and Cam 2002, Bonte et
al. 2012) and potentially risky, whereas site fidelity allows
individuals to develop a familiarity with their territory, procuring
advantages such as greater success in dominance interactions,
better knowledge of food sources, and refuges from predators,
and thus, higher fitness (Piper 2011). Hence, returning to a
previous breeding site can be an effective life-history strategy
(Greenwood and Harvey 1982, Brown et al. 2017). In fact,
individuals are thought to use a “win-stay and lose-switch”
strategy, returning to locations where they bred successfully or
dispersing after reproductive failure (Greenwood and Harvey
1982, Haas 1998, Hoover 2003, Chalfoun and Martin 2010). In
some species, yearlings also show lower site fidelity than older,
more experienced individuals (Pyle et al. 2020, but see Burke and
Nol2001), possibly as a result of despotic behaviour by the latter
(Sherry and Holmes 1989).

Among songbirds, New World warblers (Parulidae) often exhibit
strong breeding site fidelity. For example, in Black-throated Blue
Warbler (Setophaga caerulescens), 66% of males and 46% of
females returned close (~150 m of the centroid) to their previous
year’s territory (Holmes et al. 2017), whereas American Redstart
(S. ruticilla) showed lower return rates (16% and 39% for older
and yearling males, respectively; 19% for yearling females), but
breeding dispersal was still relatively short (250 m) (Sherry et al.
2020). In the Ovenbird (Seiurus aurocapilla), 69% of territorial
males returned to the 25-ha study plot they occupied the previous
year, this proportion reaching 82% in one particular plot (Haché
and Villard 2010). In Canada Warbler (Cardellina canadensis),
mean male return rate was 52% and it was positively associated
with shrub density, number of perch trees, and canopy height
(Hallworth et al. 2008). Shrub density and number of perch trees
were both higher in territories of older males, suggesting that
these features are highly valued.

A “win-stay - lose-switch” strategy would be expected to be
successful when habitat quality is relatively stable between years
(Switzer 1993, Schmidt 2004). In less stable environments, one
would expect species to adopt much more flexible strategies
allowing them to adjust to year-to-year changes in environmental
conditions, such as the abundance of key food resources or the
availability of suitable nesting sites. Some species of Parulidae are
referred to as “budworm-linked warblers” because they show a
strong positive response to outbreaks of the eastern spruce
budworm (Choristoneura fumiferana, hereafter SBW) (Venier and
Holmes 2010). Indeed, the populations of three species, Tennessee
Warbler (Leiothlypis peregrina), Cape May Warbler (S. tigrina),
and Bay-breasted Warbler (S. castanea), have been shown to
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increase rapidly during SBW outbreaks as a result of high
fecundity (Venier and Holmes 2010). Increases in budworm-
linked warbler abundance as a function of SBW defoliation have
been observed at both local and regional scales (Drever et al. 2018,
Walker and Taylor 2020). The magnitude of this phenomenon is
so important that in California, Patten and Burger (1998) have
reported a positive correlation between observations of fall
vagrant New World warblers (including all three budworm-linked
species) and SBW densities in eastern Canada over a 23-year
period. At a regional scale, SBW outbreaks may last from 10 to
20 years, whereas at a local scale, they may last from one to 10
years, depending on forest composition, environmental
conditions, and SBW populations (Pureswaran et al. 2016). Such
conditions appear much more unstable than those experienced by
most other New World warblers, especially because many
individuals may immigrate to new SBW epicenters, at least early
in a regional outbreak. Yet, no data are available on natal or
breeding dispersal in budworm-linked warblers and, therefore,
the dispersal strategy adopted by these species is unknown.

Here, we wanted to investigate site fidelity (or lack thereof) in
populations of budworm-linked warblers. We hypothesized that
most individuals would be faithful to their previous year’s
breeding location because food is abundant in the early stages of
a SBW outbreak and, therefore, most individuals would be
expected to breed successfully, a factor that promotes site fidelity
(e.g., Thériault et al. 2012). Further, we predicted that SBW
density at a given site in year 1 would be positively correlated with
the probability of resighting local individuals in year 2.

METHODS
Study area

The study was conducted in the Gaspésie and Bas-Saint-Laurent
regions of eastern Québec, Canada (see Moisan Perrier et al.
2021), where a SBW outbreak had been ongoing for 8 years
(MFFP 2017a). Surveys were conducted in the balsam fir - yellow
birch and balsam fir - white birch forest types. These forest types
are dominated by balsam fir (4bies balsamea) and white spruce
(Picea glauca), the two main tree hosts of SBW, along with white
birch (Betula papyrifera) or yellow birch (B. alleghaniensis). The
study area is characterized by extensive plateaus with a maximum
elevation of 500 m, dissected by broad valleys (Robitaille and
Saucier 1998). We selected 75 study plots along gradients of larval
density and according to their stand composition and landscape
configuration. We used density estimates derived from ground
(SOPFIM 2017a, 2017b) and aerial surveys (MFFP 2017b) to
assess SBW density at both local and regional scales and to select
study plots spanning a gradient of SBW density. For logistical
reasons (mainly access), study plots were clustered in groups of
3 to 6. Within a cluster, study plots were separated by at least 250
m.

Bird surveys

From 7 June to 16 July 2017 (hereafter year 1), we captured and
banded Tennessee, Cape May, and Bay-breasted Warblers. We
used a 6-m mist net and playbacks of conspecific vocalizations
to capture individuals. Field protocols were approved by
Université de Moncton’s Animal Care Committee (CPA-17-06).
In some cases, more than one individual was caught at the same
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Table 1. Description of independent variables included in candidate models.

Variables Description Mean + SD Min-max

Basal area of SBW host trees Plot level basal area of SBW host trees (mz/ha) 39.71 £9.59 17-59

Canopy depth Distance between the first branch with foliage and the 9.44 +2.33 49-16.3
top of the tree (m)

% Cumulative defoliation Percentage of cumulative defoliation over the 3 83.07 £ 61.81 17.09 - 211.01

previous years

Elevation Mean elevation within a 500 m radius (m) 399.89 £ 97.07 230.70- 566.69

Proportion of deciduous trees Proportion of basal area represented by deciduous 0.12+0.12 0-0.44
trees

Habitat proportion Proportion of budworm-linked warbler habitat within 0.51+0.14 0.23-0.75
an 8-km radius

SBW abundance Log (number of spruce budworm larvae/branch tip +1) 1.88 +1.13 0-3.99

location (12/75 study plots, i.e., ~15%). Following capture, birds
were fitted with a numbered metal federal leg band on the right
leg and aged based on plumage and molt patterns as either
yearlings (SY; second calendar year) or older birds (after second-
year; Pyle 1997). One open wing, the open tail and the bird’s profile
were photographed for verification of aging by Dr Peter Pyle
(Institute for Bird Populations), who did not participate in field
work.

From 4 to 17 June 2018 (hereafter year 2), we returned to each
capture site. We used playbacks of conspecific vocalizations to
attract as many individuals as possible of each focal species to
determine whether individuals banded in year 1 had returned to
the vicinity of their capture site. We searched for 30 min. within
a 50-m radius of each capture site using binoculars and we
classified each individual of the focal species we saw as banded,
unbanded, or unknown (i.e., birds whose right leg could not be
seen). Because we only used metal bands, individual identification
was only possible upon recapture. Thus, each time a banded bird
was detected, we attempted to capture it to read its band number.

Explanatory variables
Spruce budworm sampling

Ateach study plot, we sampled SBW larvae using extendable pole
pruners in 2017. We clipped two 45-cm long branch tips from the
mid-crowns of three SBW host trees (i.e., balsam fir or white
spruce) following Morris (1955). Using the software BioSim 11,
we predicted the dates at which larvae would reach 4™ instar (L4)
(Régniére et al. 2017). Thus, we sampled L4 larvae between 14
and 28 June 2017. The sampled branches were also used to
estimate cumulative defoliation by summing percentages of
defoliation of the three previous years (i.e., 2016, 2015, and 2014).
As SBW defoliate almost exclusively the current year’s growth,
defoliation estimates can be made for current and preceding years
based on the number of internodes from the current year (Dorais
and Hardy 1976).

Stand and landscape characteristics

Stand characteristics were estimated within a 50-m radius around
the centroid of each study plot. We characterized stand
composition and structure using estimates of basal area of SBW
host tree species (i.e., balsam fir, white spruce, and black spruce),
percentage of basal area represented by deciduous trees, and

canopy depth (i.e., distance between the first branch with foliage
and the top of the tree). To account for the influence of host tree
density on SBW abundance (Bognounou et al. 2017), we included
the basal area of SBW host trees in each model.

Budworm-linked warblers are associated with stands dominated
by balsam fir and spruces with a minimum canopy height of 7 m
(Baltz and Latta 1998, Venier et al. 2020, Rimmer and McFarland
2020). To account for the influence of such stands on return rate,
we classified forest polygons on 1: 20,000 ecoforest maps
published by the Ministére des Foréts, de la Faune et des Parcs
du Québec (hereafter referred toas MFFP) as “habitat” and “non-
habitat” for budworm-linked warblers. Polygons were then
converted into 25 x 25 m pixels to calculate habitat amount within
the following radii: 100 m, 250 m, 500 m, 1 km, 2.5 km, 5 km, 8
km, 10 km, 12 km, and 15 km. Following Lesmerises et al. (2018),
we used Akaike’s information Criterion corrected for small
samples (hereafter AIC ) to select the most appropriate buffer size
for each species. Thus, only the buffer size with the lowest AIC,
was included in model selection for each species. The elevation
(in m) of each plot was extracted from a digital elevation model.
For modelling purposes, we used mean elevation within a 500-m
radius of each study plot.

Statistical analyses
Return rate

We estimated return rate as a function of the number of banded
individuals resighted in year 2 divided by the number of
individuals banded in year 1. We also estimated sampling intensity
by dividing the total number of individuals seen in year 2 by the
number of individuals banded in year 1.

Influence of stand and landscape characteristics on breeding site
fidelity

To test the prediction of a positive influence of SBW density on
the probability of return of budworm-linked warblers, we
combined explanatory variables (see Table 1 and the section above
for a description) into candidate models (Table 2). The set of
candidate models was built hierarchically, i.e., most models
included the same SBW-related variables but stand and landscape
variables differed. We modelled the probability of return of an
individual using binomial generalized linear mixed models
(GLMMs) for each warbler species separately, contrasting
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Table 2. Delta AICc and weight of each model used to assess the effects of habitat characteristics on the probability of return of a

Bay-breasted Warbler. Independent variables are described in the appendix A. “+” represents an addition and

interaction. The most parsimonious model is shown in bold.

3% T4

represents an

Variable groupings Model ID  Independent variables AAIC weight
SBW Ml SBW+ Basal area of SBW host trees 5.70 0.036
M2 SBW + % cumulative defoliation + Basal area of SBW host trees 8.24 0.010
M3 SBW * % cumulative defoliation + Basal area of SBW host trees 10.89 0.003
SBW, stand structure and M4 M1 + canopy depth + % deciduous trees 5.02 0.050
composition M5 M2 + canopy depth + % deciduous trees 7.81 0.012
M6 M3 + canopy depth + % deciduous trees 10.57 0.003
SBW and landscape structure M7 M1 + % habitat + elevation 4.90 0.053
M8 M2 + % habitat + elevation 7.30 0.016
M9 M3 % habitat + elevation 10.24 0.003
M10 SBW * % habitat + elevation 7.21 0.016
Stand structure and composition M1l Canopy depth + % deciduous trees + Basal area of SBW host trees 3.81 0.091
Landscape structure M12 % habitat + elevation 0.00 0.618
Conspecific attraction M13 Abundance of BBWA 3.94 0.086
Null model Null model 4.98 0.05

capture sites where a banded individual was resighted in year 2
(presence, coded 1) with those where no banded bird was detected
(absence, coded 0). The structure of GLMMs made it possible to
account for the number of birds banded in each capture site in
year 1, which was included as a random factor in each model. We
found no evidence of multicollinearity among independent
variables in each model (VIF < 3.5; below the threshold proposed
by Graham 2003). The most parsimonious model was selected on
the basis of its AIC_ (Burnham and Anderson 2002). All statistical
analyses were performed with R 3.5.1 (R CoreTeam 2019).

RESULTS

Return rate

In year 1, we captured a total of 117 budworm-linked warblers at
75 study plots, including 32 Tennessee Warblers (15 ASY and 17
SY), 28 Cape May Warblers (12 ASY and 16 SY) and and 57 Bay-
breasted Warblers (25 ASY and 32 SY). Most (94%) individuals
captured were males.

Of the 7 returning individuals, 6 were Bay-breasted Warblers
(Table 3). Bay-breasted Warbler had the highest return rate, at
10.5%, followed by Cape May Warbler. No banded Tennessee
Warbler was resighted. Sampling intensity varied from 2.47 for
Bay-breasted Warbler to 1.28 for Tennessee Warbler. Overall, we
observed two budworm-linked warbler individuals in year 2 for
each individual banded the previous year.

Of the 7 returning individuals, only one (a Cape May Warbler
male) was recaptured. That individual, aged as ASY in year 1,
returned to its capture site in year 2. One banded Bay-breasted
Warbler male was seen in year 2 in a study plot where no individual
of this species had been banded in year 1. However, we were unable
to recapture this bird. The stand separating these two study plots
was partially harvested in year 2. The closest banding station is
located 185 km away (in Rimouski, Québec, Canada) and, to our
knowledge, no other banding study has been conducted in the
region. Therefore, we assumed that this individual had returned
near its capture site.

Table 3. Proportion of individuals banded in year 1 and returning
to the vicinity of their capture site in year 2.

Species of Number of Number of  Total Sampling
budworm-linked individuals individuals number intensity
warbler banded resighted of (seen/banded)

(%) individuals

seen

Bay-breasted 57 6(10.5) 141 2.47
Warbler
Cape May Warbler 28 1(3.6) 52 1.86
Tennessee Warbler 32 0(0) 41 1.28
Total 117 7 (6.0) 234 2.00

Influence of stand and landscape

characteristics on breeding site fidelity

In our study area, SBW density varied from 0 to 53.5 larvae per
branch (0 - 3.99 log (budworm/branch +1)) and 3-year cumulative
defoliation varied from 17.1% to 211.0% (Table 1). Since spruce
budworm larvae only consume the current year’s foliage, and
conifer branches have 5-7 years of foliage, it is common practice
among forest entomologists to add percentages beyond 100%. As
an example, a year of 90% annual defoliation followed by a year
of 100% defoliation of annual foliage is reported by entomologists
and pest managers as 190% cumulative defoliation. Although
annual defoliation is measured every year it is cumulative
defoliation that is more directly linked to tree vigour and
probability of mortality. Even though cumulative defoliation is
directly caused by SBW, current year larval density and
cumulative defoliation were not significantly correlated in our
study (Pearson correlation coefficient r,= 0.36, P =0.23).

Model selection was only conducted for Bay-breasted Warbler,
because return rates of Cape May and Tennessee Warbler were
too low to assess the influence of habitat characteristics on fidelity
to capture sites. Among all stand and landscape characteristics
tested, the most parsimonious model included the percentage of
habitat within an 8-km radius, as well as elevation, but only the
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first of these variables had an important (negative) effect on Bay-
breasted Warbler’s probability of return (Figure 1, Table 4). In
the case of elevation, the 95% confidence interval included zero.
The most parsimonious model yielded good support
(AUC=0.79). The proportion of habitat within an 8-km radius
ranged from 0.23 to 0.75 (mean 0.51; Table 1).

Table 4. Summary of the most parsimonious model predicting
the probability of return of Bay-breasted Warbler. Coefficients
whose 95% CI did not overlap zero are shown in bold.

Variables B Standard 95% CI AUC
error [lower: upper]  value

% habitat within an 8 km  -13.34 7.92 [-36.13: -2.18]  0.794

radius

Elevation 1.13 1.09 [-0.55: 4.22]

Fig. 1. Probability of return of Bay-breasted Warbler as a
function of the percentage of habitat within an 8-km radius
(see Table 4 for model parameters). The 95% confidence
interval is shown by gray lines and the size of open circles is
proportional to the number of overlapping observations.

Probability of return

30 40 50 60 70
% habitat within 8 km

DISCUSSION

Percent return

Contrary to our first hypothesis, budworm-linked warblers were
rarely resighted in year 2 in the vicinity of their capture sites. Even
for the most frequently-captured species (Bay-breasted Warbler),
return rate was well below that of other New World warblers,
despite similar sample sizes (e.g., Hallworth et al. 2008). In New
Brunswick, Canada, most (85%) Ovenbird returning males held
a territory that overlapped the one they occupied the previous
year (S. Haché and M.-A. Villard, unpublished data) whereas in
New Hampshire, Canada Warbler returning males only dispersed
32 m, on average, between years (Hallworth et al. 2008). Still, it
is possible that budworm-linked warblers established a territory
beyond the area we surveyed, yet remained within a broader home
range occupied the previous year (Whitaker and Warkentin 2010).

It seems unlikely that the dispersal tendency we observed could
be attributed to reproductive failure, as the abundance of SBW
larvae should have led to high reproductive success in most of our

Avian Conservation and Ecology 16(1): 17
http://www.ace-eco.org/voll6/iss1/art17/

study plots (MacArthur 1958, Venier and Holmes 2010). Instead,
the low return rate we observed might reflect resource tracking
through breeding dispersal, as a result of local fluctuations in the
abundance of SBW larvae. Although we observed high densities
of SBW larvae, which would be expected to lead to high
productivity and a high degree of site fidelity, our results were not
consistent with a "win-stay and lose-switch" strategy. Instead, the
patterns we observed (low site fidelity/high breeding dispersal)
suggest that budworm-linked warblers have adopted a flexible
settlement behaviour in response to an unpredictable of food
resource. Indeed, the fact that the current year’s larval density was
not correlated with cumulative defoliation (i.e., current year plus
past years’ defoliation) suggests that SBW density varied between
years. The progression of a SBW outbreak is not linear, but rather
characterized by interannual variability in defoliation and SBW
density due to weather and parasitism (Bognounou et al. 2017,
Pureswaran et al. 2016, 2018).

Influence of stand and landscape

characteristics on breeding site fidelity

We predicted that the probability of resighting Bay-breasted
Warblers would increase with the density of SBW larvae.
However, the only tendency we observed was a decrease in
resighting probability as the proportion of habitat increased
within an 8-km radius. The relationship between resighting
probability and habitat proportion was consistently negative
across all radii tested. This is consistent with our previously-
mentioned interpretation that during a SBW outbreak, Bay-
breasted Warbler performs breeding dispersal movements at the
scale of the local landscape in order to track spatiotemporal shifts
in density of SBW larvae. During SBW outbreaks, the quality of
nesting territories may change rapidly, as defoliation proceeds.
The capacity of experienced Bay-breasted Warblers to track SBW
density and settle in high quality habitat might explain why this
species is associated with the early stages of SBW outbreaks
(Holmes et al. 2009, Germain et al. in press). In the same study
area, we found that ASY Bay-breasted Warblers tended to occupy
stands supporting higher densities of SBW larvae, with low-
cumulative defoliation, whereas SY Bay-breasted Warblers were
associated with stands supporting lower densities of SBW
(Moisan Perrier et al. 2021). Cape May and Tennessee Warblers
showed peaks in abundance only one year prior to defoliation
(Germain et al. in press). Hence, they seemed to be associated with
later stages of SBW outbreaks than Bay-breasted Warbler.

CONCLUSION

The relative infidelity of budworm-linked warblers to their
previous year’s breeding season location compared to that of
other species of New World warblers likely reflects more extensive
breeding dispersal movements as a consequence of the
unpredictability of their food resources. Because we did not search
beyond 50 m of capture sites with playbacks, however, we cannot
confirm that individuals dispersed far beyond that distance. A
capacity to track densities of SBW larvae would explain why
budworm-linked warblers, especially Bay-Breasted Warbler,
quickly colonize new SBW epicentres (Holmes et al. 2009, Venier
et al. 2009, Moisan Perrier et al. 2021, Germain et al. in press).
Hence, budworm-linked warblers may respond both numerically
and functionally to SBW outbreaks by increasing their
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reproductive effort, focusing their foraging on budworm larvae,
and adopting more flexible dispersal/settlement behaviours
through prospection for food patches, as reported in other species
associated with unpredictable, irruptive food resources for
successful breeding (e.g., Whitaker et al. 1996).

Responses to this article can be read online at:
https://www.ace-eco.org/issues/responses.php/1847
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