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Abstract

Invasive species are widely implicated in the decline of songbird populations, potentially via indirect effects such as the
restructuring of ecological communities by non-native plants. We used stable isotope analysis to investigate whether ground-
foraging, generalist insectivore ovenbirds (Seiurus aurocapilla (Linnaeus, 1766)) shifted diets following invasion by a non-native
shrub, Japanese barberry (Berberis thunbergii DC.), in a temperate woodland system in New York, USA where barberry was
previously linked to trophic downgrading in the leaf litter arthropod community. Assimilated ovenbird diets were primarily
composed of predatory invertebrates followed by sucking herbivores, chewing herbivores, and detritivores. The only notable
changes in assimilated ovenbird diets were a modest 14.7% decrease in chewing herbivore contributions and a minor 7.0%
increase in sucking herbivore contributions in forest patches with high barberry densities. Our results indicate that the effects
of non-native plants on connections between higher trophic levels are context-dependent, and comparisons with other studies
suggest that community complexity and time since introduction are key contextual differences that affect the outcome of an
invasion. Our results may reflect compensatory shifts in individual foraging effort by ovenbirds, but, in combination with our
previous research, provide little evidence that barberry affects ovenbird condition and therefore downstream outcomes.
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Introduction

Global avifauna have experienced dramatic population de-
clines throughout the 20th and 21st centuries (Kirby et al.
2008; Rushing et al. 2016; Rosenberg et al. 2019). Multiple
mechanisms have been linked to these trends, including
habitat loss (Donovan and Flather 2002; Norris et al. 2004),
phenotypic mismatches due to climate change (Both et al.
2006; Arlt and Part 2017), collisions with artificial structures
(Loss et al. 2015), and environmental pollution (Hallmann
et al. 2014; Put et al. 2021). Another potentially important
driver of these declines is the introduction of non-native
species, which are widely recognized as one of the most press-
ing issues in biodiversity conservation (Bellard et al. 2016;
Blackburn et al. 2019). The most striking impacts of non-
native species on birds have typically been associated with
the introductions of novel predators, such as domesticated
cats, which have been estimated to depredate billions of song-
birds per year in the US alone (Loss et al. 2013), and par-
ticularly when predators are introduced to island systems
(Townsend et al. 2009; O’Donnell et al. 2017). In contrast to
these direct interactions between birds and novel threats,
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the indirect effects of non-native species are more subtle and
relatively understudied, despite their potential importance.
Plant introductions can be particularly consequential (PySek
et al. 2012), due to their capacity for altering nutrient cycling
and other basic ecosystem functions (Kourtev et al. 2002;
Gaertner et al. 2014) and the structure of ecological commu-
nities (de Groot et al. 2007; PySek et al. 2012). Such impacts
are often greatest among arthropod herbivores and the food
webs they support, with nearly two-thirds of studies finding
decreases in total arthropod abundance following non-native
plant introductions (Litt et al. 2014). Thus, evaluating the in-
direct effects of plant invasions is an important step for un-
derstanding threats to bird populations.

Among all birds, songbirds make particularly heavy use
of the invertebrate communities that directly interact with
plants at the base of food webs (Nyffeler et al. 2018). Insec-
tivory is important for songbirds during the key life history
stages of egg laying and nest provisioning, when an ade-
quately large supply of nutrients and energy is necessary to
fuel the growth and development of nestlings (Schwagmeyer
and Mock 2008; Senécal et al. 2021). Failure to provide suffi-
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cient resources can result in both low survival and adverse
effects on fitness, such as impaired immune function and
altered behavior (Birkhead et al. 1999; Arnold et al. 2007;
Hegemann et al. 2013). As predicted, given the tight connec-
tions between invasive plant species and invertebrate com-
munities, and invertebrate communities and songbird pop-
ulations, several studies have found negative associations
between invasive plants and songbirds (George et al. 2013;
Nelson et al. 2017; Narango et al. 2018; Riedl et al. 2018;
Grzedzicka and Reif 2021). For example, Narango et al. (2018)
found that as the proportion of non-native plants in subur-
ban habitats in the Washington, DC, USA area increased, the
abundance of insects decreased and the recruitment of Car-
olina chickadees (Poecile carolinensis (Audubon, 1834)) declined
below replacement. Similarly, a study of non-native Sos-
nowsky’s hogweed (Heracleum sosnowskyi Manden) in Poland
found that invasion was associated with decreased popula-
tions of all songbird foraging guilds studied and that bush
and tree insectivores were particularly impacted (Grzedzicka
and Reif 2021). These and similar findings strongly suggest
that the impact of invasive plants on songbirds is mediated
by diet, but few studies have directly addressed this question
with detailed estimates of diet composition (as opposed to
trophic level; Narango et al. 2018) in invaded and uninvaded
areas. Accordingly, dietary insights into the mechanisms by
which plant invasions influence songbird success could have
substantial value (Nelson et al. 2017), especially in areas like
the temperate forests of eastern North America, which have
declining songbird populations, albeit few immediately im-
periled (McNulty et al. 2008; Sauer and Link 2011; Rosenberg
et al. 2019).

Japanese barberry (Berberis thunbergii DC., hereafter “bar-
berry”) is a woody understory (<2m in height) shrub na-
tive to eastern Asia that was introduced to North America
in the late 1800s (Ehrenfeld 1997). Nurseries sold barberry
as an ornamental throughout the 20th century, which facili-
tated its progression to being one of the most pervasive alien
plant species in the northeastern USA (Silander and Klepeis
1999; Lubell et al. 2008). Moreover, barberry is largely un-
palatable to white-tailed deer (Odocoileus virginianus (Zimmer-
mann, 1780)), one of the main browsing species in the region,
thus allowing it to form dense, extensive patches throughout
its invasive range, and at times, exclude native understory
plants that are subjected to heavy deer herbivory (Silander
and Klepeis 1999; Kourtev et al. 2002; Averill et al. 2016). The
intensity of this invasion, coupled with its proximity to large
human population centers, has periodically attracted scien-
tific interest (e.g., Kourtev et al. 2002; Maerz et al. 2009; Linske
et al. 2018), but relatively little of that work has involved
songbirds. Clark and Seewagen (2019) found that the taxo-
nomic composition of leaf litter and shrub-dwelling arthro-
pod communities differed between areas of a forest in east-
ern New York that were heavily or sparsely invaded by bar-
berry. Although total arthropod biomass was unaffected, high
densities of barberry were associated with pronounced taxo-
nomic shifts away from predatory arthropods and towards
lower trophic level taxa. This alteration of the arthropod
community was subsequently found to have no effect on the
physiological condition (body mass, blood metabolites, and

hematology) of a ground-foraging, insectivorous songbird,
the ovenbird (Seiurus aurocapilla (Linnaeus, 1766); Seewagen
et al. 2020). However, the extent to which barberry-driven
shifts in arthropod communities constrain the diets of oven-
birds and other insectivores remains unclear.

Here, we investigated the radiating influence of barberry
across a temperate forest food web by comparing ovenbird
diets between forest patches with differing levels of invasion
intensity and previously described differences in arthropod
community composition (Clark and Seewagen 2019). Given
the generalist diet tendencies of adult ovenbirds (Stenger
1958; Zach and Falls 1979; Holmes and Robinson 1988; Strong
2000), we expected ovenbirds maintaining breeding territo-
ries in barberry-invaded areas of forest to shift their con-
sumption of arthropods in general accordance with the al-
tered relative abundance of arthropod taxa, resulting in
lower contributions of predators such as spiders and ants.
Alternately, it is possible that certain arthropod taxa are
nutritionally superior or otherwise preferred, and there-
fore birds adjusted their foraging behavior to find and con-
sume those diet items in equal proportions between in-
vaded and uninvaded areas of forest, regardless of differing
availability.

Materials and methods

Ethics approval

The methods for this study were approved by the Rochester
Institute of Technology’s Institutional Animal Care and Use
Committee (proposals 2011-6 and 2019-1).

Study species and site

The ovenbird is a ground-foraging, insectivorous warbler
that breeds in mature hardwood and mixed forests through-
out the northern USA and Canada and has been used as a
model species in numerous studies of the impacts of various
anthropogenic disturbances on forest songbird habitat qual-
ity (Porneluzi et al. 2020). Ovenbird breeding habitat quality,
territory selection and size, and pairing success are strongly
influenced by leaf litter prey availability (Smith and Shugart
1987; Burke and Nol 1998), Adult ovenbirds forage 88%-95%
of the time on the forest floor (Holmes and Robinson 1988;
Strong 2000), feeding on a wide taxonomic range of leaf lit-
ter invertebrates (Stenger 1958; Holmes and Robinson 1988;
Strong 2000; Ruhl et al. 2020). A similarly wide range of in-
vertebrate taxa are used to provision nestlings during the
breeding season (Streby et al. 2013), meaning that shifts in
diet driven by non-native plants could impact both adult and
nestling success.

We conducted our study between 2017 and 2019 at the
Pawling Nature Reserve in the towns of Pawling and Dover,
NY (41.6167°N, 73.5633°W). The reserve is approximately 430
contiguous ha of predominantly second-growth, mixed hard-
wood forest. The site and much of the surrounding region
was historically used for agriculture, including both arable
and pasture lands. Range expansion of barberry in this local
area has largely occurred within the past 40years (Silander
and Klepeis 1999) and resulted in the presence of “invasion
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fronts” in many forests (Kourtev et al. 2002; Maerz et al. 2009),
including Pawling Nature Reserve. Barberry invasion fronts
are characterized by high-density clusters of barberry within
a forest that radiate out from the place of initial coloniza-
tion to a point at which barberry is only sparse or still ab-
sent despite other major forest characteristics being the same
(Kourtev et al. 2002; Maerz et al. 2009). High variation in bar-
berry density within a forest, including Pawling Nature Re-
serve, is also often delineated by historical stone walls that
formerly separated small areas of differing agricultural activ-
ity (e.g., crops versus pasture; Degasperis and Motzkin 2007).
The patchy distribution of barberry but otherwise similar
habitat features throughout our study site thus allowed us
to investigate the influence of barberry invasion on the di-
ets of ovenbirds while other major habitat characteristics re-
mained constant (Maerz et al. 2009; Nuzzo et al. 2009; Clark
and Seewagen 2019; Seewagen et al. 2020).

Bird capture and sample collection

We scouted the forest in early to mid-May of each year
to locate any males consistently singing in areas that we
initially visually estimated to have uniformly high (>25%
ground cover) or uniformly low (<10% ground cover) barberry
density over, at a minimum, the surrounding 2 ha (visualized
as a circle with a radius of approximately 80 m) and at least
50 m from any forest edge (Seewagen et al. 2020). This was to
ensure relatively consistent barberry influence across the ma-
jority of an ovenbird’s territory, which typically ranges 0.5-
1.5ha, depending on food abundance (Stenger 1958; Smith
and Shugart 1987; Porneluzi et al. 2020). We subsequently
captured the birds between 06:30 and 11:30 EST, 16-26 May
(the peak period of ovenbird territory defense and largely
prior to incubation in this region; CLS, pers. obs.) using 6 m
mist nets and playback of conspecific recording broadcast
through a wireless speaker. Target birds exhibited a largely bi-
nary response to playback, either singing from a distance and
avoiding capture or aggressively pursuing calls, which led to
their prompt capture. This behavioral trait of sampled birds,
combined with a minimum distance of 100 m between sam-
pled territories provided confidence that birds were captured
within their respective territories and that barberry densities
and invertebrates sampled in the surrounding area (see be-
low) were representative of the resources available to them.
Within 5min of capture, we took an ~150 pL blood sam-
ple from the brachial vein using a 26-gauge needle to punc-
ture the vein and a heparinized capillary tube to collect the
bead of pooled blood. Following blood sampling and before
release, we fitted each bird with an aluminum US Geological
Survey leg band, weighed it to the nearest 0.1g on a digital
balance, measured its unflattened wing chord to the near-
est mm, and when possible, aged it as second-year or after-
second-year based on rectrix shape and other plumage cri-
teria (Donovan and Stanley 1995; Pyle 1997). Blood samples
were kept in a cooler on ice until they were transported to the
lab at the end of each field day, where they were separated
into plasma and red blood cell fractions by centrifugation at
3000 rpm for 10 min. Separated fractions were transferred to
cryogenic tubes and stored at —80 °C until analysis. In total,
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we collected samples from 10 individuals in 2017, 13 individ-
uals in 2018, and 39 individuals in 2019.

Vegetation sampling and invertebrate

collection

We surveyed vegetation in a 0.02 ha circular plot centered
at the midpoint of the mist net in which a given bird was cap-
tured and then walked perpendicular north-south and east-
west transects through the center of the plot, identifying and
counting each individual understory shrub (defined as woody
plants less than 7.6 cm in diameter) within ~1m on either
side of the transect and between ~0.5 and ~1.5 m above the
ground (James and Shugart 1970; Clark and Seewagen 2019;
Seewagen et al. 2020). Shrub counts were conducted in dupli-
cate by two observers. To estimate ground cover, we viewed
the ground through an ocular tube at 10 evenly spaced points
along each transect (James and Shugart 1970) and scored each
location as either barberry, other non-native shrub, native
shrub, herbaceous vegetation, or no vegetation.

Coincident with the bird capture period in 2019, we col-
lected leaf litter invertebrates from each bird’s territory to
characterize the stable isotope values of potential diet items.
We collected 0.04 m? of leaf litter from three locations per ter-
ritory immediately after release of the bird: one at the mid-
point of the mist net, one 10 m east of that point, and one
10 m west of that point (Clark and Seewagen 2019; Seewagen
et al. 2020). The 0.12 m? total samples were stored in the field
in plastic bags inflated with air and then returned to the lab
within 6 h. There, we extracted invertebrates from the leaf lit-
ter using Berlese funnels operated for 12-18 h with a 40 W in-
candescent lightbulb and stored them at —80 °C until identifi-
cation. Extracted invertebrates were identified to order under
a dissecting scope, with the exception of several insect speci-
mens that we were able to identify to family, and worms, cen-
tipedes, millipedes, and slugs, which we identified to class.

Sample processing and stable isotope analysis

We pooled all invertebrate samples into single-taxon vials
for each bird territory to have enough mass for stable iso-
tope analysis and dried the pooled samples in a 60°C oven
for 48 h. We then homogenized the dried invertebrate sam-
ples and weighed and crimped ~1 mg of material into tin cap-
sules. To prepare plasma samples, we defrosted and pipetted
10 pL of each sample into a tin capsule, which we then dried
for 24 h in a 60 °C oven and crimped to seal.

Stable isotope analyses were carried out by the Cornell Uni-
versity Stable Isotope Laboratory in Ithaca, NY. The carbon
and nitrogen stable isotope enrichment of samples were an-
alyzed with an EA Instruments NC2500 elemental analyzer
interfaced with a Thermo Delta V isotope ratio mass spec-
trometer. Every 10th sample was interspersed with two regu-
larly validated in-house standards (“corn” and “trout”), used
in a two-point normalization of carbon and nitrogen isotope
values to International Atomic Energy Association reference
materials. Stable isotope values are presented in per mil delta
notation, calculated as: § %o = [(Rsample/Rstandara) — 1] x 1000,
where R is the ratio of heavy:light isotopes of the sample or
standard and the standard is Vienna Pee Dee Belemnite for
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carbon and atmospheric air for nitrogen. The analytical preci-
sion of the instruments used in this analysis, estimated as the
within-run standard deviation (SD) of a third internal stan-
dard (“deer”), was 0.04 % for both carbon and nitrogen.

Evaluating dietary endpoints

Stable isotope mixing models require isotopically dis-
tinct dietary endpoints to accurately resolve contributions
to consumer tissues (Phillips et al. 2014). Because of con-
siderable overlap in d*C and d'N values among our
dietary sources, we aggregated invertebrate taxa a pri-
ori into four functional groups based on primary feed-
ing mode: detritivores (Annelida, Diplopoda, Collembola,
Isoptera, Orthoptera-Gryllidae, and Isopoda), chewing her-
bivores (Gastropoda and Lepidoptera), sucking herbivores
(Hemiptera), and predators (Araneae, Acari, Pseudoscorpi-
ones, Chilopoda, and Dermaptera). Coleoptera and Diptera
are large, functionally diverse insect clades that exhibited
wide ranges of §'°C and §'° N values, and so we used k-
nearest neighbor classification to assign specimens of those
taxa to one of our four functional groups. Such a priori ag-
gregation inevitably produces coarser estimates of diet than
other methods such as fecal and stomach content analy-
sis (Mudrzynski and Norment 2013; Carter et al. 2021) or
metabarcoding (Génier et al. 2021; Hoenig et al. 2022), al-
though at the expense of tradeoffs, including bias towards
hard-bodied, less digestible insect taxa for fecal analysis and
difficulty estimating relative abundances for metabarcoding.
Nevertheless, stable isotope analysis has been precise enough
to detect plant-driven changes to songbird diets in previous
studies (Narango et al. 2018; Riedl et al. 2018), and particu-
larly changes related to trophic level such as we expected
based on Clark and Seewagen (2019). The resulting sample
sizes for diet sources were as follows: detritivores, N = 69;
chewing herbivores, N = 10; sucking herbivores, N = 4; and
predators, N = 94. We confirmed that functional groups
were isotopically distinct using k-nearest neighbors random-
ization tests with Bonferroni corrections for multiple tests
(P < 0.05 for all pairs; Fig. 1; Rosing et al. 1998). Functional
group mean isotopic values did not differ between high- and
low-density barberry areas (P > 0.26 for all groups). Although
ovenbirds may take some diet items from foliage, ovenbird
plasma samples fell within the range of leaf litter inverte-
brate isotope values (Fig. 1), and there is little evidence to sug-
gest that including foliage invertebrates would change the
relative positions of functional groups in isotope space.

Mixing model analyses

We assessed the contributions of invertebrate functional
groups to ovenbird tissues with a series of Bayesian mix-
ing models using the package MixSIAR version 3.1.12 (Stock
et al. 2018) in the R statistical computing environment (ver-
sion 3.6.2; R Core Team, Vienna, Austria). These models eval-
uate the proportional contribution of each source through
repeated draws from the posterior distributions via Markov
chain Monte Carlo sampling (Moore and Semmens 2008).
Each model included a multiplicative error term (Stock and
Semmens 2016) and was “fully Bayesian”, incorporating both

raw values of source items (Ward et al. 2010) and correc-
tions (weights) for carbon and nitrogen concentrations in
source items (Phillips and Koch 2002). We used published dis-
crimination factors for songbirds (Hobson and Bairlein 2003;
Pearson et al. 2003; Evans Ogden et al. 2004) previously used
to estimate ovenbird diets by Ruhl et al. (2020): 0.50 £ 0.28 %o
for carbon and 3.00 + 0.85 %o for nitrogen. Each model was
run in three parallel chains with 50000 burn-in iterations
and 100000 recorded iterations, which were subsequently
thinned by 50 (MixSIAR “normal” settings). We used uninfor-
mative (generalist Dirichlet) priors to reflect our initial pre-
sumption that all combinations of source items were equally
likely and we confirmed adequate model convergence using
Gelman-Rubin and Geweke diagnostics (Gelman and Rubin
1992).

As in Seewagen et al. (2020), we categorized ovenbird
territories as having high barberry density if they con-
tained >4200 barberry shrubs per ha (N = 20) and low bar-
berry density if they contained <2720 barberry shrubs per ha
(N = 38). Five territories had barberry densities between these
values, which we excluded from subsequent analyses. To eval-
uate the influence of barberry density and other covariates
on invertebrate functional group contributions to ovenbird
diets, we fit each of the following models to our diet: (1) a
null model estimating the overall diet of all ovenbirds with
no covariates, (2) a model with a fixed effect of barberry den-
sity (high versus low), (3) a model with a fixed effect of bar-
berry density and a random effect of sample year, (4) a model
with a continuous effect of wing chord as a proxy for body
size (and therefore constraints on prey size) and a random ef-
fect of year, and (5) a model with a fixed effect of barberry
density, a continuous effect of wing chord, and a random ef-
fect of year. We then compared model fit with a leave-one-out
cross-validation information criterion (LOOIC) analogous to
the Akaike information criterion (Vehtari et al. 2017). Finally,
we assessed the influence of barberry on the contribution of
each functional group in the best-supported model by calcu-
lating the proportion of iterations in which the contribution
in high-density barberry areas exceeded the contribution in
low-density areas (Carter et al. 2021). Contributions were con-
sidered to be significantly different if the proportion was ei-
ther less than 0.05 or greater than 0.95. Data used in mixing
model analyses are available as online Supplementary mate-
rial (Tables S1-S3).

Results

Barberry densities in the territories of our study animals
ranged from 0 to 26 182 plants/ha, with an average density
of 316 + 602 plants/ha (mean + SD) in territories categorized
as low-barberry and an average of 11535 + 6799 plants/ha
in territories categorized as high-barberry. In total, we col-
lected 404 invertebrate specimens that we pooled into 177
single-territory, single-taxon samples spread across 17 iden-
tifiable taxa as follows: Annelida (N = 18), Acari (N = 11),
Araneae (N = 20), Pseudoscorpiones (N = 2), Chilopoda (N =7),
Diplopoda (N = 13), Collembola (N = 21), Gastropoda (N = 6),
Coleoptera (N = 19), Dermaptera (N = 6), Diptera (N = 17),
Hemiptera (N = 3), Hymenoptera (N = 23), Isoptera (N = 1),
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Fig. 1. Carbon and nitrogen isotope values of ovenbird (Seiurus aurocapilla) plasma and potential diet items. Small points depict
individual ovenbird samples and large symbols with error bars depict means and standard deviations for different invertebrate
functional groups (diamond = predators, square = chewing herbivores, triangle = sucking herbivores, and large circle = de-
tritivores). Isotope values of invertebrate functional groups have been corrected with discrimination factors to facilitate visual

comparison with ovenbird samples.
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Lepidoptera (N = 3), Orthoptera-Gryllidae (N = 1), and Isopoda
(N = 6). Mean and SD §'3C values were —25.8 4 1.0 for de-
tritivores, —24.6 + 1.1 for chewing herbivores, —28.4 + 1.7
for sucking herbivores, and —25.4 + 0.9 for predators (Fig. 1).
Mean and SD §'° N values were —0.3 & 1.9 for detritivores,
—0.6 £ 1.1 for chewing herbivores, 0.5 & 0.1 for sucking her-
bivores, and 3.4 + 1.5 for predators (Fig. 1).

Carbon and nitrogen stable isotope values of ovenbird
plasma had means + SD of —24.4 + 0.5 and 5.3 + 0.7,
respectively, with a range of —26.3—-—23.1 for carbon and
3.1-7.0 for nitrogen (Fig. 1). Among invertebrate functional
groups, predators had distinctly higher nitrogen values than
the other groups, while detritivores, chewing herbivores, and
sucking herbivores were mainly distinguished by their car-
bon values (Fig. 1). Based on LOOIC values, the best-supported
model included a fixed effect of barberry density and a ran-
dom effect of year, with a weight of 0.93 (Table 1). Within
the best-supported model, predators made the greatest con-
tribution of any invertebrate functional group, followed by
chewing herbivores, and with both sucking herbivores and
detritivores making relatively minor contributions (Fig. 2).
Contributions of different functional groups were relatively
consistent regardless of barberry density (Fig. 3). The proba-
bility that proportions in high-density areas exceeded those
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in low-density areas was nonsignificant for predators (0.653)
and detritivores (0.870), but significant for both chewing
herbivores (0.009) and sucking herbivores (0.953). The esti-
mated contribution of chewing herbivores to ovenbird di-
ets was 42.4 + 14.7% (mean =+ SD) in low-density areas and
27.7 +12.13% in high-density areas, whereas the contribution
of sucking herbivores was 2.3 & 3.7% in low-density areas and
9.3 £ 8.8% in high-density areas (Fig. 3).

Discussion

Although invasive alien plants have well-documented im-
pacts on species with which they directly interact, they are
also expected to have indirect effects that radiate through-
out local food webs, including to songbirds (PySek et al. 2012;
Gaertner et al. 2014). One likely mechanism for such influ-
ence is the alteration of trophic interactions between her-
bivores and consumers following changes to herbivore com-
munities driven by both direct and indirect interactions with
the non-native plants (de Groot et al. 2007; Thiele et al. 2010;
Nelson et al. 2017; Blackburn et al. 2019; Grzedzicka and Reif
2021). However, despite the simplicity and clear predictions
of this model, surprisingly few studies have tested it by com-
paring consumer diets between invaded and uninvaded com-
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Table 1. Comparison of mixing model fit by leave-one-out cross-validation information criterion

(LOOIC).
Model LOOIC SELOOIC A LOOIC Weight ec EN
Barberry density + year 41.6 22.8 0.0 0.93 0.169 0.251
Barberry density + wing + year 46.8 22.9 5.2 0.07 0.156 0.248
Wing + year 56.7 24.4 15.1 0 0.210 0.249
Barberry density 57.2 22.4 15.9 0 0.205 0.313
Null 64.5 23.8 22.9 0 0.229 0.325

Note: Barberry (Berberis thunbergii) density (high and low) is a categorical fixed effect, whereas wing length is a continuous effect
and year is a categorical random effect. Also presented are the standard errors in LOOIC values (SE LOOIC), the difference in LOOIC
between each model and the best-supported modes (A LOOIC), model weight, and the multiplicative error terms estimated in each
model for carbon (¢c) and nitrogen (en). As indicated by A LOOIC and weight, the model including barberry density and year was

the best-supported model.

munities. Here, we found the diet composition of an insec-
tivorous songbird to be relatively stable despite changes in
arthropod community structure associated with non-native
plant invasion in a northeastern USA forest. Ovenbird diets
in our study area were mostly composed of predatory inverte-
brates, followed by chewing herbivores, sucking herbivores,
and detritivores, regardless of the density of barberry in their
breeding territory. Although our estimates of diet may have
missed subtle changes detectable by other methods, such as
fecal or stomach content analyses, our finding differs from
studies of songbirds that used similar methods and found
substantial impacts of non-native plants (Kennedy et al. 2009;
Narango et al. 2018; Riedl et al. 2018). These differences sug-
gest that the influence of non-native plants on insectivore di-
ets may often be species- and (or) system-dependent, and not
always negative. Consequently, invasive plant management
strategies for songbirds (e.g., the complete removal of non-
native plant biomass) may be misguided when they involve
negative side effects such as disruption of foraging or distur-
bance of nesting sites (Klaus et al. 2005; Villard et al. 2012).
In one study of the impact of non-native plants on con-
sumer diets, Kennedy et al. (2009) found that invasions
of non-native grasses shifted songbird diets away from
Coleoptera and towards Orthoptera for four species of
ground-nesting birds in the high prairie of western Oregon,
USA. Similarly, a study on the invasion of New Mexico locust
(Robinia neomexicana A. Gray) in riparian areas of northwest-
ern Colorado, USA found a shift by Virginia’s warblers (Leioth-
lypis virginiae (S.F. Baird, 1860)) and warbling vireos (Vireo gilvus
(Vieillot, 1808)) towards consuming and assimilating more
aquatic resources in invaded areas (Riedl et al. 2018), while
a study in the suburbs of Washington, DC, USA found that in-
vasive plants were associated with foraging at higher trophic
levels (e.g., spiders) by Carolina chickadees (Narango et al.
2018). Our work joins this handful of studies in quantifying
the diet of a songbird consumer and its response to changes
in the local arthropod community driven by the invasion of
a non-native plant. However, whereas previous studies found
relatively large shifts in consumer diets with non-native plant
invasion, we found only a modest shift in the contribution of
one invertebrate functional group (chewing herbivores) and
a minor shift in the contribution of a second group (sucking
herbivores), which, even together, were too small to change
the order of contributions to ovenbird diets. This lack of re-

sponse is particularly notable because barberry was associ-
ated with a greater than 30% change in the abundance of
springtails (Collembola) and greater than 100% changes in
the abundance of spiders (Araneae), beetles (Coleoptera), and
ants (Hymenoptera: Formicidae), some of the most common
leaf litter taxa in our study site (Clark and Seewagen 2019).
These changes in the invertebrate community were similar
in magnitude to those observed in other studies that also
quantified changes in herbivore abundance in response to
non-native plant invasion (Laffaille et al. 2005; Kennedy et al.
2009; Narango et al. 2018; Carniatto et al. 2020), providing
little evidence to expect greater shifts with further increases
in barberry density. Meanwhile, although the direction of
change in the contribution of sucking herbivores matched
the higher hemipteran abundance in high barberry density
areas, the contributions of chewing herbivores shifted in the
opposite direction from the ~30% increase in lepidopterans
in high-barberry areas, likely due to reduced constraints fol-
lowing declines in generalist predators (Clark and Seewagen
2019). Contrary to expectations, it therefore appears that the
influence of large-scale invasions by non-native plants is at
least somewhat context-dependent and does not necessarily
cascade through the broader community.

One potentially important difference in context between
previous studies and ours is that our study took place in
a temperate forest as opposed to grassland, suburban, or
aquatic ecosystems. Forests tend to have higher levels of pro-
ductivity than both grasslands and developed areas in tem-
perate regions (Field et al. 1998; Milesi et al. 2003; Turner
et al. 2006), which in turn is often related to higher lev-
els of complexity in food webs (Neutel et al. 2007; Armitage
and Fourqurean 2009; Arim and Jaksic 2011). Because com-
plexity tends to promote the stability of food webs (Neutel
et al. 2007; Stouffer and Bascompte 2011; Plitzko et al. 2012),
a higher baseline level of complexity in our system could
have allowed for the preservation of a more stable overall
community structure despite the trophic downgrading asso-
ciated with barberry (Clark and Seewagen 2019) and other
non-native plant invasions (Estes et al. 2011). A related differ-
ence in context that may have contributed to the difference
between other studies and ours is the invasion history of our
study system. Although our specific study plots included ar-
eas in which barberry has only recently arrived and occurs
at low densities, barberry has occurred throughout the re-
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Fig. 2. Scaled posterior densities of invertebrate functional group contributions to ovenbird (Seiurus aurocapilla) plasma in high-
density barberry (Berberis thunbergii) (top panel) and low-density barberry (bottom panel) areas estimated with stable isotope
mixing models. Predators consistently made the greatest estimated contribution, followed by chewing herbivores, sucking

herbivores, and detritivores.
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gion for more than 100years (Ehrenfeld 1997; Silander and
Klepeis 1999), thus providing a considerable amount of time
for the development of novel links between barberry, her-
bivores, and consumers. By contrast, several of the previous
studies investigating non-native plant effects on consumer di-
ets focused on invasions that were only several decades old
(Laffaille et al. 2005; Carniatto et al. 2020). Meanwhile, in one
of the longer-term invasions studied, several bird species, in-
cluding the ground-foraging green-tailed towhee (Pipilo chloru-

Can. J. Zool. 00: 1-12 (2023) | dx.doi.org/10.1139/cjz-2023-0058

rus (Audubon, 1839)), showed no shift in diet in response
to the presence of the introduced New Mexico locust (Riedl
et al. 2018). Moreover, it is plausible that the length of the
post-invasion period could interact with ecosystem-type to in-
fluence the development of new trophic links between non-
native plants and further contribute to the homogeneity of
herbivore-consumer interactions in our study system.

At the individual level, our finding of only minor shifts in
diet despite major barberry-driven changes in invertebrate
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Fig. 3. Boxplots of estimated contributions to ovenbird (Seiurus aurocapilla) diets in high- (H) and low-density (L) barberry (Berberis
thunbergii) areas. Boxes depict median, first and third quartile estimates, and whiskers depict the range encompassed by 1.5
times the interquartile range. Contributions were largely consistent across barberry densities, with only chewing herbivores
making a modestly greater contribution in low-density areas and sucking herbivores making a slightly larger contribution in

high-density areas.
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community composition at our study site can be interpreted
in several ways. For one, as the availability of certain dietary
resources decreases, it is possible to maintain a consistent
diet composition by reducing overall intake such that the re-
sulting absolute rates of consumption are aligned with the
availability of the most limited dietary resource. A second
option would be to maintain a consistent intake of each di-
etary resource by increasing foraging effort, such as by ex-
panding foraging area or time (Ferretti et al. 2019). These in-
terpretations suggest the imposition of additional energetic
constraints on ovenbirds, either through a reduced budget in
the former case or increased costs in the latter case. Increased
effort could also produce time constraints and limit other im-
portant activities such as territory defense and maintenance.
However, both interpretations are inconsistent with our pre-
vious finding that ovenbirds breeding in areas with high and
low densities of barberry did not differ in physiological con-
dition, including body mass and hematological indices of en-
ergy intake and chronic stress (Seewagen et al. 2020). How-
ever, increased foraging effort is not always linked to reduced
condition in birds (Lamb et al. 2017), and so the costs of ad-
justing foraging behavior to maintain a consistent diet may
be more marginal for ovenbirds than expected and help ex-

Source

plain our results while allowing for no detectable impact on
condition.

A third possibility is that ovenbird diet selection shifts
based on threshold values of availability, and invertebrate re-
sources remained abundant enough in high-density barberry
areas to avoid crossing those thresholds. The role of availabil-
ity thresholds in determining dietary choices has not been
extensively studied in songbirds, but there is some evidence
that these thresholds can be quite low. For example, a study
on Sardinian warblers (Curruca melanocephala (J.F. Gmelin,
1789)) found a distinct shift to frugivory when fruit abun-
dances were still ~80 times lower than subsequent peak lev-
els (Gonzdlez-Varo et al. 2022). Similarly, studies on marsh tits
(Poecile palustris (Linnaeus, 1758)) and European nuthatches
(Sitta europaea Linnaeus 1758) found consistently high use of
caterpillars for nest provisioning over more than a six-fold
range in caterpillar abundance, with a clear drop in use below
0.1g-0.25sq. m~! . d! frass fall (Wesolowski and Neubauer
2017; Wesotowski et al. 2019). Compared to the scale of these
changes, the one- to two-fold changes in abundance observed
in our study site (Clark and Seewagen 2019) are relatively
minor and could simply be too small to prompt extensive
changes in ovenbird diets. This explanation joins the pre-
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vious two in suggesting limited impacts of barberry-driven
changes to invertebrate communities on ovenbird condition
and possibly fitness in invaded areas. Other studies in the
northeastern U.S. have shown songbirds to exhibit a prefer-
ence for nesting in barberry and experience similar or bet-
ter nesting success compared to native shrubs (Schmidt et al.
2005; Schlossberg and King 2010; Meyer et al. 2015). Taken to-
gether, management actions to remove barberry may be un-
likely to have substantial benefits to generalist songbirds and
may even prove negative, depending on the degree to which
they disrupt ecological communities in managed areas.

A final interpretation for our finding of largely consistent
ovenbird diets despite varying barberry density is that our se-
lection of territorial males as study animals limited our abil-
ity to detect shifts in other age or sex classes. Thus, while
breeding males appear to be relatively unaffected by barberry
invasion, it may be the case that subdominant individuals,
often females in non-breeding warblers (Akresh et al. 2019;
Cooper et al. 2021), are disproportionately impacted by bar-
berry invasion. This result would be rather unexpected, be-
cause intrapair or intergenerational competition are much
more likely to negatively impact reproductive success and
consequent fitness than male condition (Schwagmeyer and
Mock 2008; Senécal et al. 2021). Meanwhile, the impacts on
females trading off foraging time and incubation time or
fledglings that are still relatively inefficient at foraging could
be much greater in scope. Both of these possibilities high-
light the potential value in investigating the impact of bar-
berry invasion on songbirds across ages and sexes, including
their parental behavior. It is important to note, though, that
none of the mechanisms discussed here are mutually exclu-
sive, and so future studies will have to carefully consider how
best to parse their relative importance.

While our results did not show the anticipated barberry-
driven variation in ovenbird diets, our estimates of ovenbird
diet composition were largely consistent with previous de-
scriptions based on other methods of diet analysis. In particu-
lar, the largest contribution of any functional group in our es-
timates was predators, which aligns with the results of other
studies (Strong 2000; Streby et al. 2013; Ruhl et al. 2020).
Preliminary analyses, which considered the contributions of
specific taxa, suggested that much of the consumption of
predatory invertebrates could be attributed to ants (Formici-
dae), which is interesting as it would most closely match esti-
mates from ovenbirds on their wintering grounds in Jamaica
(Strong 2000). This result suggests that there is likely to be a
broader shift in diet over the course of the breeding season,
as productivity and insect abundance change from the late
spring to early summer. Such a shift could also explain the
somewhat smaller contributions of chewing herbivores, in-
cluding Lepidoptera, to ovenbird diets, which were predom-
inant in some previous estimates (Stenger 1958; Streby et al.
2013). Although caterpillars can reach high abundances early
in the season (Lany et al. 2016; Shutt et al. 2019), we collected
plasma samples for diet reconstruction slightly before aver-
age peak abundance in our study area, potentially explain-
ing this small estimate. Alternately, ground-foraging oven-
birds may still source some caterpillars from foliage, poten-
tially resulting in underestimates if the isotopic composition
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of foliage-dwelling Lepidoptera was not precisely captured by
our sample. Overall, however, our results strongly align with
previous characterizations of the ovenbird as a dietary gener-
alist (Stenger 1958; Zach and Falls 1979; Holmes and Robin-
son 1988; Strong 2000; Ruhl et al. 2020).

Conclusions

In our test case of the indirect influence of a non-native
plant on a ground-foraging songbird, we found only weak
evidence that this invasion results in altered trophic inter-
actions with the invertebrate community. At the individual
level, consistent trophic interactions could be maintained by
shifts in foraging effort or may reflect a general abundance
of resources that decouples diet selection from the relative
proportions of available items. At the community level, the
relatively stable position of ovenbirds within the food web of
a northeastern USA forest may differ from patterns in other
invaded systems due to contextual differences such as the
pre-existing community complexity of our temperate forest
system or the timing of the invasion. Both observations sug-
gest valuable directions for future studies. On the one hand,
the role of availability thresholds in diet selection remains
largely unknown for songbirds and could help inform a more
mechanistic understanding of their dietary behavior. On the
other hand, the impact of broader context on the restruc-
turing of communities by non-native species is currently un-
clear and large-scale comparative studies across ecosystems
may improve our ability to predict the consequences of fu-
ture plant invasions for songbirds. Ultimately, our study sup-
ports the position that the impacts of non-native plants are
not universally negative for songbirds (Schlaepfer et al. 2011;
Nelson et al. 2017), and so careful consideration of manage-
ment options is likely necessary, as efforts to remove barberry
and other invasive plants could cause more harm than bene-
fit for some species.
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