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1. Introduction

Climate and edaphic characteristics are the dominant drivers of
species distributions, yet it is becoming increasingly apparent that plant
and animal distributions are also shaped by local intra- and inter-spe-
cific biotic interactions (HilleRisLambers et al., 2013) such as compe-
tition (Tingstad et al., 2015), predation (Brown and Vellend, 2014;
Johnson and Fryer, 1996), facilitation (Bruno et al., 2003), and mutu-
alisms (Nuñez et al., 2009). Sessile terrestrial plants are unable to ef-
fectively evade herbivores, and are therefore vulnerable to herbivory
and seed predation by vertebrates and invertebrates. Predicting the
magnitude of the effects of biotic interactions on a species’ ability to
respond to climate change is challenging given that biotic interactions
are inherently tied to local abiotic environmental gradients. Experi-
mental field studies are necessary to tease apart biotic and abiotic (i.e.,
climatic, edaphic) processes controlling the distributions of species
(HilleRisLambers et al., 2013). The methodologies employed in this
ongoing investigation have, however, received little scrutiny thus far.

The use of herbivore exclosure devices in field experiments has
become a popular means of assessing the effects of herbivory, by both
post-dispersal seed predators and plant herbivores, on recruitment and
plant community dynamics. Such effects are of strong interest in con-
servation biology, where plant-herbivore interactions between native
and introduced species are often important (Boyd et al., 2017; Forsyth
et al., 2015; Hager and Stewart, 2013; Thompson et al., 1992), and for
forestry and horticultural applications, where herbivory and seed pre-
dation can constrain productivity (Leadem et al., 1997; Marsh et al.,
1990). The benefits of using exclosures in field-based herbivore-plant

interaction research are obvious: exerting control over a natural system
by experimentally manipulating conditions in the field can isolate the
impacts of a group of herbivores on a selected area and/or plant spe-
cies, whereas observational studies must rely more heavily on in-
ference. However, exclosure studies have been criticised for not ad-
dressing fundamental interactions between herbivore groups and the
species they consume, and instead apply a binary filter on a complex
relationship (Hester et al., 2000). Nevertheless, exclosure studies pro-
duce consistent responses among prey species the vast majority of the
time (Sih et al., 1985). The prevalence of significant effect size, as well
as the immutable importance of herbivore-plant interactions research
(Humphrey, 1998), explains the continued popularity of herbivore ex-
closure studies, despite often being logistically challenging.

Alternatives to using herbivore exclosures in experimental herbivore-
plant interaction studies are uncommon in the literature. Lab-based re-
search focussed on herbivore-plant interactions can be practical when
looking at herbivore-induced reactions in plants (e.g., Roslin et al., 2008;
Hartley and DeGabriel, 2016), or when a plant and its respective herbivore
specialist can be tested in a lab (e.g., Bates et al., 2000); however, these
options are not always feasible and such research often requires field-
based experimental data collection. Camera traps, a method borrowed
from wildlife studies (Kucera and Barrett, 2011; Trolliet et al., 2014), have
been effectively used in herbivore-plant interaction studies to identify
herbivores (Nuñez et al., 2008) and observe their behaviour (Jansen et al.,
2012). Their use in plant-focussed research remains limited (Burton et al.,
2015), however, due to their inability to quantify aspects of herbivore-
plant interactions such as the extent of damage caused by browse pressure
(Brodie et al., 2012; Kuijper et al., 2009).
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The design of herbivore exclosures must be scaled to the consumers of
interest in a given study, such that a wide range of sizes, designs, and
materials are commonly employed (Table 1). Though there exists an ex-
tensive body of literature regarding the effects of large herbivores on various
plant species (e.g., McLaren et al., 2009; Kain et al., 2011; Ellis and Leroux,
2017), our focus in this study is on herbivore exclosure cages intended to
exclude small vertebrate animals (e.g., Mittelbach and Gross, 1984; Côté
et al., 2005; Brown and Vellend, 2014). The majority of literature describing
the use of exclosures (Bowers, 1993; Fraser and Madson, 2008; Olofsson
et al., 2004; Young et al., 1997) provides adequate information for the re-
plication of their designs and deployment techniques and this is supple-
mented by forestry (Leadem et al., 1997) and field operations manuals
(O’Keefe and Alard, 2002). Yet, the body of literature evaluating design
considerations of herbivore exclosures appears sparse.

Although the materials used in vertebrate exclosure cages appear
largely consistent (Table 1), the impact of material and design selection
on the conditions within and in immediate proximity to the exclosure
has, to our knowledge, not been investigated under snowy winter
conditions. Tree guard effects on microclimate conditions have been
investigated during the growing season (e.g., Prunus plantation, south
of France, Bergez and Dupraz, 2000; Eucalyptus-Banksia-Allocasuarina
woodland, southwestern Australia, Close et al., 2009; experimental
Quercus plantation, southwestern Washington, Devine and Harrington,
2008), however the influence of this type of exclosure on snow and
over-winter conditions appears yet to be studied. Researchers that
manipulate highly localised temperature regimes to observe plant re-
sponses (e.g., International Tundra Experiment) have developed
methods to maximise control over temperature ranges within an en-
closure (Chapin and Shaver, 1985; Henry and Molau, 1997; Marion,
1996). However, we assert that in small herbivore exclosure experi-
ments, the alteration of microclimate conditions is an inadvertent
outcome of the methodologically standard practise of placing a barrier
between small herbivores and their potential prey. This is problematic
because differences in plant performance between control and ex-
closure plots are typically attributed solely to the effects of herbivory,
when unanticipated and unaccounted for differences in microclimate
may confound these results.

Microclimate modification within small herbivore exclosure cages
(hereafter, 'exclosures' or ‘cages’) could occur in various settings,
however we posit that unintended effects are likely most pronounced
when cages are deployed in areas that experience seasonal snow ac-
cumulation. Slight temperature differences within exclosures could af-
fect initial snow accumulation and the later release from snow cover,
with consequences for the performance of vegetation. For example,
small changes in the duration of snow cover can significantly affect the
germination, growth, and survival of juvenile plants, which can benefit
from the protection provided by snow cover (Renard et al., 2016). Al-
ternatively, exclosure walls may reduce surface wind speeds, or act as
snow fences, leading to increased snow accumulation in their im-
mediate vicinity (Wipf and Rixen, 2010). In an effort to quantify the
effects of cages on microclimate conditions, we deployed field experi-
ments in three geographically distinct environments to test whether (1)
the onset of winter, marked by the first accumulation of snow lasting
24 h, occurred later and was marked by colder temperatures within
cages than without, (2) spring thaw, marked by the last accumulation of
snow lasting 24 h, occurred earlier and was marked by colder tem-
peratures within cages than without, and (3) the number of snow-
covered days during the winter was fewer within cages than sur-
rounding areas. Further, we investigated how construction material and
design influenced the degree of microclimate modification. Alteration
of microclimate conditions within cages has important implications for
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