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Abstract

The Great Lakes coastal wetlands are some of the most diverse ecosystems in Ontario.
However, their ecological integrity is continually threatened by development, nutrient pollution,
and invasive species. Over the past two decades, imessing birds in theouthern portion of the
Great Lakes have experiencedudostantiatiecline; approximatelgightof 18 species have lower
abundances now than they did in the 18@$. Invasive Common Reel@{ragmites australis
subspaustralig is a grass that has been displacing native coastal wetland habitat for several
decades, and it is a contributing factortte tlecline in marshesting species, particularly those of
conservation concern. Long Point, ON, is a UNESCO Biosphere RdseatedLake Erie which
is comprised 013,465 ha of ecologically significant habitat experiencing invaJioneverse
damagerom P. australisinvasion and restore habitat quality for mangsting birds and other
wildlife, two invaded National Wildlife Areas in Long Point were treated with a glyphdseted
herbicide, followed by mechanical rolling to flatten d€adustralisbeginning in 2019Thelong-
termoutcomes oP. australismanagement are expected to positively impact the wetland bird
community, but there have been limited studies investigating thetshwrimpacts that could
arise fromhabitat alterationdllowing treatmentTherefore, we undertook two studies to monitor
the shorterm response of marsh bird communitie® ylears followingP. australismanagement.
First, we undertook a Befowfter-Controkimpact study to monitor birds before and after
treament Throughout the 2019 marsh bird breeding seamgdonomougecordingunits (ARUS)
were used to record bird vocalizations in areas where herbicide treatnreraustraliswas
planned for fall 2019 and iR. australisinvaded areas where no treatrneas planned (control
sites). These sites were resurveyed in 2021 to compare to 2019 baseline recordings. We
determined that ARU recordings should be transcribed on one survey date in the middle of the
breeding season, comprised of three 15 min segmgittacross the dawn chorus maximize
avian richness estimates by capturing both early andriataingvocalizing species. Second, we
undertook a spae®r-time substitution desigiRUs were deployed in 2021 to survey birds in
invaded control sites, 1 ory@Zar postreatment sites, and uninvaded reference sites. For both
studies, we assessed how avian species ricipestotal and marshser)and community

composition differed mong vegetation type. We found smsdiale effects oP. australis
iv



management on bird richness and community compaosition, but such effects are insignificant when
compared to the natural variation in bird community composition in Long Point. Birds displaced
by P. australismanagemertended to be nemarsh affiliated birds that can find refuge in
surrounding habitat®Notably, the provincially and federally Threatened Least Bitfiwbrychus
exilis) occurred infrequently in herbiciceeated sites, but is expected that it will use the

increase in hemmarsh arrangement as time progresgés . conclude that two years post
management is too short of a timeframe to see the materializatonsitlerablgositive effects

on the avian communitydowever,we dd find evidence of positive trends occurring to birds most
impacted byP. australisinvasion, as they were observed using, or have the potential to use, the
increase in open water and hemarsh arrangement remaining after herbicide treatridémt.
recommed continued monitoring to assess the laegn consequences Bf australiscontrol for

the avian community.
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1. Generalintroduction

1.1 Overview

Wetlands in southern Ontario have been lost at an alarming rate; at least 72% since pre
colonialtime (Ducks Unlimited Canada, 2010). Thus, remaining, intact wetlands are vital in
providing ecosystem services and functions, such as flood storage and wildlife habitat. The Long
Point peninsula is home to 70% of the intact coastal wetland area onttnehmre of Lake Erie
(Ball et al., 2003). It is designated as a Wetland of International Importance as it plays an
important role in harbouring wildlife and their ecologically significant habitat. However, an
invasive grashragmites australisubspaustralis, has been spreading through the coastal
wetlands in Long Point, jeopardizitigeir ecological integrity. Stands &f. australisare tall and
dense, which displace native vegetation communities and ultimately alter habitat for wildlife
inhabitantsjncluding species at risk (Wilcox et al., 2003; Robichaud & Rooney, 2017). Wetland
birds are one group of species that is losing critical habift émstralisinvasion in Long Point
(Robichaud & Rooney, 2017)0 reverse damage frofh australisinvasian and restore habitat
guality for wildlife, the invasive grass can be managed through chemical, mechanical, or
biological methods (Hazelton et al., 201%he outcome oP. australismanagement for the
avian community is expected to be positive. Indeedliss focusing on the lorigrm efficacy of
P. australismanagement find support for avian community recovery following treatment (e.g.,
Tozer & Mackenzie, 2019). However, there have been limited studies assessing the potential for
shortterm impacts oP. australismanagement on avian communities. Thus, some land
managers in the Great Lakes region have been reluctang&men P. australiscontrol voicing
concers thatsuppression could trigger negatsieortterm effects onvildlife, including birds
(e.g., due to habitat alteratiom).this thesisye use autonomous recordings units to investigate
if any dhort-term impacts oP. australismanagement on wetland birddgsein two National
Wildlife Areas in the Long Point Biosphere Resg whichwill help inform how to strategically
proceed with management, while minimizing any risks to avian commumitiésnomous
recording units can increase spatial and temporal surveying of bird communities, but their ability
to collect largeamounts of data can laedoubleedged sword, as these large amounts of data are

laborious to analyz&Ve investigated the optimal duration and time within the dawn chorus to



survey breeding birds to capture accueggmates oviandiversityin the LongPoint coastal

wetlands.

1.2 Great Lakes coastal wetlands

Great Lakes coastal wetlanaiediverse and productive ecosystems that provide
numerous ecosystem services and functions such as water filtration, wildlife habitat, and areas
for recreation (Sierszest al., 2012). The hydrology and geomorphology of a wetland are
important controls of wetland services and functions (Albert et al., 2005). These controls will
influence abiotic factors such as water chemistry and soil type, which give rise to unique
vegeaation and wildlife inhabitants (Brinson, 1993). Water level fluctuations are a main driver in
shaping vegetation communities in coastal wetlands (Keddy & Reznicek, 1986; Mortsch et al.,
2006).

Great Lakes Erie, Michigan and Huron do not have regulatésl vewvels, and therefore
experience both sherand longterm water level fluctuations (Quinn, 2002). Daily water levels
are influenced by seiches and storm surges, whiletiemg fluctuations are influenced by
seasonal, annual, and decadal changesiarkasuch as precipitation, runoff, and-moelt
(Keddy & Reznicek, 1986; Herdendorf, 1992; Quinn, 2002). The persistence of wetland
vegetation communities is closely related to the hydrology of a wetland (Mortsch et al., 2006).
Wetland plants that shasémilar environmental tolerances (e.g., substrate and moisture needs)
grow at similar elevations (Mortsch et al., 2006). Wetland plants are classified into five main
communities: 1) woody (trees and shrubs); 2) wet meadow; 3) emergent macrophytesng) float
macrophytes; and 5) submerged macrophytes (Wilcox et al., 2002). Coastal wetland vegetation
communities can be displaced either landward or lakeward as water levels rise or recede (Wilcox
et al., 2002). In periods of low water levels, mudflats are saghovhich causes a lakeward
expansion of communities; the emergent zone is replaced with shrubs and sedges, while
submerged aquatic vegetation is replaced with emergent vegetation as seeds germinate in the
mudflats (Keddy & Reznicek 1986; Mortsch et 2D06). During periods of higivater levels,
the woody and emergent vegetation dies back, and there is an increase in floating and submerged
aguatic vegetation (Keddy & Reznicek, 1986). Fluctuating water levels act as a natural
disturbance that leads to ¢omal change of vegetation communities, which in turn maintains

structurally complex and diverse habitats (Keddy & Reznicek, 1986; Wilcox et al., 2002).



Anthropogenic disturbances, such as pollution, fragmentation, shoreline hardening, and invasive
specis introduction threaten the ecological integrity of Great Lakes coastal wetlands (Smith et
al., 2015).

Invasive species introduction is one of the top environmental stressors for Great Lakes
wetlands (Smith et al., 2015; Escobar et al., 2018). There brasa 184 nomative species
reported in the Great Lakes, spanning numerous taxonomic groups, including bacteria, viruses,
protozoa, diatoms, arthropods, mollusks, fish, and plants (NOAA, 2016; Escobar et al., 2018).
Biological invasions can be costlyy ihe Great Lakes region, invasive aquatic species can cause
over $100 million in damages per year (Rothlisberger et al., 2012), and tens of millions of dollars
are spent on prevention and management (Rosaen et al., 2012; MNDNR, 2015). Lakes Erie and
Ontaio may be more susceptible to biological invasions and other anthropogenic stressors due to
the amount of anthropogenic activity located around the lakes (Trebitz & Taylor, E007).
examplelLong Point, ON contains a vast and diverse coastal wetlandieotmat is located on

Lake Erie and has been impacted particularly by invasive wetland plants (Wilcox et al., 2003).

1.2.1Long Point coastal wetlands

The Long Point peninsula is a 32 km sapit that is located on the north shore of Lake
Erie. Sanespits ceate protected, shallow embayments on their landward side, and often have a
high diversity of vegetation, invertebrates, fiahd birds (Albert et al., 2005).

Long Point is a Wetland of International Importance (designated under the Ramsar
Convention on Wetlands), UNESCO World Biosphere Reserve, and a globally significant

Important Bird Area (designated by BirdLife International). The area is also home to two of

Ontariods 10 NatfebeménWwWs | di i EeviAreament and C|
protected areas network that are managed to conserve essential habitats for migratory birds and
other wildlife under the Canada Wildlife Act (Government of Cana@az). Long Point is

located in a relatively developed region of Ontario; approximately 72% of wetlands in Southern
Ontario have been lost since fettlement time, and 686% of wetlands have been lost in the

county Long Point resides in (Ducks Unlimit€dnada, 2010). The peninsula contains

approximately 70% of the intact coastal wetland area on the north shore of Lake Erie (Ball et al.,
2003) . 't also | ies i n Cabodidesity$bots@ohcordaininghi an v e
over 2,000 plantspedge i ncl uding 65% of all Ontariobs rar
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nearly 400 species of birds comprising 50% of all the bird species in Caleddirfian Canada,
2009. Therefore, this area is exceptionally important for harbouring wildlife, inclutengtiles,

birds and plants, as well as many species at risk and their ecologically significant habitat (Ball et
al., 2003; Sierszen et al., 2012; Government of Canada, 2021b). One of the largest threats the
coastal wetlands in Long Point face is biol@jimvasion, specificalljnvasiveCommonReed

(Phragmites australissp.australig (Bickerton, 2015)

1.3 InvasivePhragmites australsubspaustralis

Phragmites australisubspaustralisis a perennial graghat originated in Europe
(Saltonstall, 200 It was likely introduced to North America in the late 1700s or early 1800s in
ballast material (Saltonstall, 2002; Swearingen & Saltonstall, 2010). In North Anferica,
australissubspaustralisis considered a cryptic invader, as it resembles theaRatiaustralis
subspamericanus(Saltonstall, 2002). Invasiieghragmites australifiereafteP. australis can
tolerate a wider range of environmental conditions than the native subspecies, as well as produce
a higher amount of abosground biomass and have a greater relative growth rate (Mozdzer &

Megonigal, 2012). Such traits make it an aggressive competitstdék et al., 2001).

Phragmites australisften invades wetlands, recently disturbed areas, or ditches along
the side of roadways (Catling & Carbyn, 2006; Baldwin et al., 2010). It can grow up to 5 m tall
and form dense, monotypic stands (> 200 stef<Bovernment of Ontario, 201 hragmites
australiscan reproduce sexually and asexually, allowing it to spread vigorously. Sexual
reproduction occurs through seeds, which are primarily dispersed via wind (Haslam, 1972), and
can remain in the seed bankitgtowing conditions arsuitable(Kettenring & Whigham, 2009;
Wilcox, 2012). Asexual reproduction occurs through rhizomes (horizontal underground stems)
and stolons (horizontal aboveground stems) that establish themselves on exposed mudflats,
usually duing periods of low water levels (Tulbure et al., 2007). Rhizomes extend several
meters into the ground and can spread up to 3 m horizontally (Swearingen & Saltonstall, 2010),
and they can also continue to grow if cut off from the parent plant,(P@38).Thus, tall, dense
stands oP. australiscan crowd and shadwmit native plants below (Robichaud & Rooney,

2022a) and outcompete them for limiting nutrients (Meyerson et al., 2002).



1.3.1Phragmites australia Long Point, ON

Phragmites australibecame estdished at Long Point between the late 1990s and early
2000s during a prolonged period of low water levels in Lake Erie (Wilcox et al., 2003). Since
then,P. australishas expanded in Long Point exponentially (Wilcox et al., 2003), and it is
reducing the diersity of vegetation within coastal wetlands by displacing native vegetation with
dense, monotypic stands (Robichaud & Rooney, 2017, 20R2b)x. a g mi t e alterations t r al i s
of wetland vegetation and structure has consequently impacted the habitatajwaeilidjife
inhabitants, such as birds (Robichaud & Rooney, 2017; Tozer & Beck, 2018; Robichaud &
Rooney,2022b).

1.4Wetland birds and consequence$ofustralisnvasion

1.4.1Wetland birds in the southern Great Lakes

The Long Point peninsula's coastal wetla are of regional and global significance to
avifauna McCraken et al., 198X Government of Canada, 2021b). Its location along the Atlantic
Flyway makes the wetlands important stoger grounds for birds during spring and fall
migration (McCracken et al1981; Knapton & Petrie, 1999). Long Point is also of regional
importance for local breeding marsh bird populations (McCracken et al., 1981). As mentioned
previously, the expansive and sheltered sgpitibays along the peninsula are some of the most
pristine coastal wetlands remaining in Southern Ontario, making them ideal habitat for local

marsh bird populations (Hebb et al., 2013; Government of Canada, 2021b).

Marsh bird populations in the southern Great Lakes regiondwpariencedubstantial
declines (Tozer 2013, 2016, 2020). Tozer (2013, 2016) demonstrated that lusiagstpecies
(i.e., those that regularly or exclusively nest in marshes) tesiened sincd995 by 0.510.5%
per year based on abundance ané41926 based on occupancyrkhermore, a recent report
from Birds Canada summarizing trends from the Great Lakes Marsh Monitoring Program over
the past two decades found that there \gatestantiatleclines in five out of seven elusive marsh
birds (Tozer, 2020)Several factors haviely contributed to thislecline(e.g., habitat loss and
fragmentation)but recent research indicates that one of the main culprits is the exparf3ion of
australisand its homogenization of breeding bird habitat in wetlands (Tozer, 2016; Robichaud &
Rooney, 2017; Tozer & Beck 2018; Tozer & Mackenzie, 2019; Robichaud & Rooney, 2022b).



Many of the bird species in decline are rails, bitterns and grebes (Tozer 2016; Tozer et
al., 2020). These birds are habitat specialists, which exclusively breed in snamshigave
specifichabitat requirements regarding water depth, vegetation type, and vegetation structure
(Chin et al., 2014; Grand et al., 2020). They tend to be more sensitive to changes in habitat
conditionsthanhabitat generalists that breed and ferageither marsh or upland habitat (Chin
et al., 2014; Grand et al., 2020). Several marsh birds in Ontario are listed as either 1) species of
conservation concern under the Lower Great Lakes/St. Lawrence regional bird conservation
strategy (ECCC, 2014)) atrisk under the Ontario Endangered Species Act (Government of
Ontario, 2022), or 3) aisk under the federal Species at Risk Act (Government of Canada,
2021a).

Marsh birds select habitat based on both landscape featuresysa@unding urban land
use and finergrained, local features (e.g., plant assemblage; Fairbairn & Dinsmore, 2001; Lor &
Malecki, 2006; Glisson et al., 201®Jarsh birds use certain plant assemblages for breeding and
foraging (Lor & Malecki, 2006), and the expansion of invagilant species can adversely
i mpact birdsoé abilities to do so (Glisson et
birds includes a heterogeneous cover of emergent vegetation interspersed with open water, which
i s often -marl dbed Méfebkie 2006;Rehm & Baldassarre, 2007; Bolenbaugh et
al., 2011) Marsh birds use emergent plants such as catgilaspp.) for material to build and
conceal nests, hide from predators, or as a matrix for foraging (Johnson & Dinsmore, 1986; Lor
& Malecki, 2006; Melvin & Gibbs, 2012). Furthermore, vegetation interspersed withvwagten
pools and channels provides feeding areas for many marsh birds, as thiedremarrangement
provides access to fish, macroinvertebrates, and floating plants @ee tubers) while
providing nearby vegetation for cogtehm & Baldassarre, 2007).

Some marsh birds avoid areas of dense emergent plants, whether it be dense Rattail or
australis(Rehm & Baldassarre, 2007; Lishaefal., 2020). For example, large patcheB.of
australismay decrease roosting habitat for largedied birds such as the Sandhill Cra@eus
canadensis(Kessler et al., 2011). The litter accumulatiorPofwustralisis greater than most
native plantandit tends to increase sediment accretion, which serves to fill in water channels
and pools, leading to the loss of highlue hemimarsh habitat and a reduction in marsh bird
access to feeding grounds (Windham & Lathrop, 1999; Meyerson et al., 20a0grmorepP.



australismay not provide higlguality nesting material due to its rigidity, particularly for
groundnesting birds such as waterfowl or rails (Meyer et al., 2010). The resulting change in
vegetation and vertical structure frdnaustralisinvasion can impact habitat quality for marsh
birds (Whyte et al., 2015; Robichaud & Rooney, 2017; Tozer & Beck, 2018).

1.4.2 Impacts ofP. australisnvasion on wetland birds

The impacts oP. australisinvasion on avian communities have been well documented
(e.g., Benoit & Askins, 1999; Meyer et al., 2010; Gaghapien et al., 2015; Whyte et al.,
2015; Robichaud & Rooney, 2017) and two main trends have emerged from these studies. First,
theremaybed | ag effecto whereby bird conmPmunities e
australisinvasion;early stages of invasion may seem benign or have positive effects on avian
communities, because low densitiedPofustralis(e.g.,less than 100 live stems?nyuckin &
Rooney, 2019) maincrease habitat heterogeneity in vegetation assemblages and add structural
diversity (e.g., new nesting locations; Meyer et al., 2010; Gagnpren et al., 2015). However,
asP. australisexpands exponentially and becomes deriseomogenizes wetland habitat and
no longer contributes to the heterogeneity of the haliiatbichaud & Rooney, 2017, 2022b).
This homogenization of the habitat leads to losses in avian diversity: a phenomenon termed
Abi otic homogeni Rahey, 8022b). ( Robi chaud &

Second, there are Awi nneP.austaalsidwdtlamdser so wi t
Habitat generalists (i.e., those thasersdondt e
(i.e., those that rely on wetland habitat for breediogaging, or loafing), specifically small
boded, may benefit fron®. australisinvasion, while largebodied marstusers and aerial
foragers may suffer (Gagndrupien et al., 2015; Whyte et al., 2015; Robichaud & Rooney,

2017). Several studies lookingthe impact of. australisinvasion on bird communities found

an increase in bird abundancePnaustralish abi t at compared to uninvad
but this was often attributed to increases in habitat generalist species epatnredl marsh

users such as Reslinged Blackbird Agelaius phoenicedisind Common Yellowthroat

(Geothlypis trichas(Wells et al., 2008; Meyer et al., 2010; Whyte et al., 2015). The dense and

dry habitat ofP. australismay be suitable for generalist species that are not sensitive to

vegetation type or water levels, or for sradidied marstusers that prefer shrubby vegetation
(Robichaud, 2016).



In contrast, largebodied marstusers, such as Least Bittetrabrychusexilis),
American Bittern Botaurus lentiginosysand Virginia Rail Rallus limicolg, all of which are
marsh bird species of conservation concern, may avoid dense patéhesisfralis(Robichaud
& Rooney, 2017), possibly due to its impenetrabilityinsuitable foraging or roosting sites
(Rehm & Baldassarre, 2007; Kessler et al., 2011). Furthermore, it has been determined that
populations of certain largeodied marsh bird species of conservation concern, such as Common
Gallinule Gallinula galeatg, American CootKulica americana and Virginia Rail, have
declined in Lake Erie coastal wetlands over the past two decades due to, at least in part, the
expansion oP. australis,andthat the increase iR. australispercent cover in Lake Erie coastal
marstes could lead to the local extinction of American Bitterareas wher®. australistakes
over entirely(Tozer & Beck, 2018). Furthermore, aerial insectivores, includinglaswallows,
have been found to avoid foraging o¥eraustralisinvaded areagRobichaud & Rooney, 2017).
Presumably, controlling. australisinvasion in coastal wetlanagould help restore the avian

community to pranvasion conditions and benefit those birds most impacted by invasion.

1.5 Phragmites australsontrol

There are many methods f@r australiscontrol, including chemical (herbicidesed),
mechanical (e.g., burning, rolling, cutting, flooding), biological (e.g., herbivory, biocontrol), or a
combination of methods (Hazelton et al., 2014). The most commtiroche North America is
the use of either glyphosate or imazapgsed herbicide (e.g., Martin & Blossey, 2013; Hazelton
et al., 2014; Hunt et al., 2017; Robichaud & Rooney, 2021a). The efficacy of heitmsde
control (i.e.,P. australisstem densitguppression) is variable; studies have reported lows-of 50
60% (e.g., Farnsworth & Meyerson, 1999; Ailstock et al., 2001) or highs of >90% suppression
(e.g., Derr2008 Zimmerman et al., 2018; Robichaud & Rooney, 2021a).

Glyphosate and imazapjpasedhe bi ci des ar e-sell &xcdii fvieddd ane affr
they will kill any plants sprayed (Hazelton et al., 2014). It is recommended that herbicide
application occur in the fall when flora and fauna activity has declined (e.g., due to migration,
senescence,@f OMNR, 2011), and it is often best practice to apply herbicide on large, dense
patches oP. australis or apply by spet r e at ment , -ttaa gread dbu ceed féercams ( e.

onto native plant communities, or other sensitive habitats).



Glyphosateand imazapybased herbicides are relatively rtxic to birds because they
act through thénhibition of an enzymatic pathway that is not present in birds (Wu et al., 2006;
Gill et al., 2018). The impacts of glyphosate application on aquatic biota gnRoint, ON was
assessed between 2016 and 2018, after it was applied to ¢ardaratralisin 1000 ha of marsh
(Robichaud & Rooney, 2020b). Glyphosate and its primary breakdown product never exceeded
the threshold of toxicological concern, and conceiainatin the water returned to pireatment
levels 2030 days after application (Robichaud & Rooney, 2021b). Glyphosate and its
breakdown product remained in the sediment up to two years after application, but in low
concentrations that were well below steortterm and longerm threshold of concern for
aguatic biota in freshwater (CCME, 2012; Robichaud & Rooney, 2021b). Glyphosate residue can
also accumulate in plant litter (Sesin et al., 2021), but glyphosate bmongianic matteit is
not easily biologically available (Hagner et al., 2019), so the likelihood of it impacting birds is
very low. Therefore, acute toxicity from glyphosate exposure on birds is unlikely, howegss,
is some concern regardiimdirect effects of herbicide appditton thatmayimpact wetland
birds.

Initially, herbicide application causes a dramatic change in emergent vegetation
availability, whichcan impact roosting, nesting, and foraging sites for certain wetland birds
(Linz et al., 1996; Lazaran et al., 201Bhere have been few studies looking atittial
impacts ofP. australismanagememn wetland bird communitieand there is some concern
regarding the immediate change in halj¢at)., Lazaran et al., 2013Jhe changes to wetland
habitat due to heicide application and the subsequent impacts on wetland birds are reviewed in
Chapter Two of this thesis. Secondly, herbicide application and the subsequent dieback of
emergent vegetation can affect macroinvertebrate communities, which are key sopregs of
for many wetlanelependent birds (All About Birds, 2022). Studies have found that chironomid
emergence significantly increased in herbididmted sites (Linz et al., 1999; Baker et al., 2014,
Robichaud et al., 2021), which may benefit wetland HikesVirginia Railand Swamp Sparrow
(Melospiza gerogianethat forage for macroinvertebrates (Cornell Lab of Ornithology, 2022).
Herbicide application is often coupled with mechanical treatment to increase efficacy because
rolling or burning herbicidéreatedP. australiscan remove standing dead biomtsbette
assist regrowth of native vegetati@fettenring et al., 2011; Lombard et al., 2012; Hazelton et
al., 2014), but this can also come with challenges.
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Mechanical treatment alone has relatively low efficacy, as it does not target the
belowground biomasskie herbicide application does (Hazelton et al., 2014). Mechanical
methods such as mowing can also incréassustralisshoot production (Derr, 2008), and
several other mechanical treatments are quite lainbemsive that require multiple treatments
eachyear to suppredB. australis(Hazelton et al., 2014There is concern thatdirect effects on
birds may occur from repeated use of heavy machinery and/or boRtsafestraliscontrol, as
the machinery could harass birds or compact wetland soil, wiaghmpact nesting sites or
food availability. Biological control may be a lesost strategy that could replace the need for
herbicide application or mechanical treatment, but application in the field has been limited thus
far (Blossey et al., 2020).

Seweral factors can influence the efficacyRafaustraliscontrol, such as water levels and
patch size, causing outcomes of manageitieitmayvary each time (Rohal et al., 2019).
Repeat treatments over many years are needed to cBnaostralisandcomgete eradication of
the invasive plant is unlikely to be achieved (Martin & Blossey, 2013; Hazelton et al., 2014,
Quirion et al., 2017). Therefore, continuedaustralismanagement is costly and time
consuming. For example, the Great Lakes Restoratitintine spent over $25 million op.
australismanagement between 2010 and 2014 in the Great Lakes region (GLRI, 2015).
Furthermore, repeated disturbances to wetland habitat may negatively impact biota. All in all, the
potential costs and impactsfef augralis management must be weighed against the risks of

unabated invasion
1.6 Surveying wetland birds

Wetland birds are valuable bioindicators of wetland hd@lthat & Green, 2010; Grand
et al., 2020)Manyare reliant on wetlands for at least qguuetion of their life cycle, and many
are particularly sensitive to changes in their habitat (Amat & Green, 2010; Grand et al., 2020).
Therefore, changes in wetland habitat due to human activities or natural causes are tracked by
wetland birds and refleaden their population trends (Glisson et al., 2017; Grand et al, 2020).
Birds arealsoideal subjects to survey because they are common taxa that regularly vocalize and
can be visually identified. Thus, surveying birds allows for reliable and repeatabledsiéor
assessing their communities and the habitat they use (Birds Canada, 2009). For example, the

Marsh Monitoring Program is a lortgrm monitoring program that assesses wetkssbciated
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species, specifically birds and anurans, to monitor the ecaldgtegrity of wetlands across

Canada.

In-person point counts have traditionally been used to survey bird communities
(Shonefield & Bayne, 2017). Point count surveys invoh&deople stationed at a set location
for a set amount of time to visuallpéaurally identify birds. In the past 20 years, technological
advancements have led to the use of autonomous recording units (ARUS) to supplement or
replace inperson surveys of birds (Darras et al., 2019). ARUs are devices that are deployed in
the fieldand programmed to record sound. Once retrieved, recordings are reviewed to aurally
identify bird species. There are advantages and disadvantages to using -g@iénsoimobservers
or ARUs for surveying bird communiti¢summarized in Table 1).1Specificadvantages and
disadvantages of using-person observers or ARUs to survey wetland bird communities are
reviewed in Chapter Three of this thesis. A p

survey method should be employed to capture target divensitrics and/or suite of birds.

Tablel.1. Comparing the use of4person point counts and autonomous recording units (ARUS)
to survey bird communities (ShonefidddBayne, 2017; Darras et al., 2019).

Survey Method Advantages Disadvantages

In-person point count U Secondary identification via U Point counts situated in
visual observation may remote or difficult to access
facilitate the detection of locations make it
quietvocalizers challenging to revisit sites

multiple times. This may
U Can visually identifybird miss variation in bird

behaviourand therefore occurrence across the
collect additional breeding season and
information underestimate species

richness at a site
U Can estimate the distance t

bird vocalizations or U Limit to how many sis can
sightings (useful for be surveyed in one day (e.c
identifying if birds are in the ~ during the dawn chorus).
target habitat being Multiple teams can be used
surveyed, or can be used tc  to increase sample size, bu
calculate survey area for this introduces interobserve

population estimates and
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Survey Method

Advantages

Disadvantages

detection probability
estimation)

1 Visual sightings and

triangulation of species
positions enables estimates
of abundance

bias that is challenging to
control

U Often short survey duration

(e.g., 515 mins), which may
not capture ifrequent
vocalizing species

Hard to complete longer
duration surveys as they
require continuous attentior
For example, surveying a 2
hour dawn chorus would be
nearly impossible for an
observer. This makes it
difficult to capture variation
across the damwchorus, and
risks missing infrequent
vocalizing species, thus
underestimating species
richness

Human presence can alter
bird behaviour

Requires trained personnel
to accurately identify specie
in reattime, which can be
expensive both in terms of
sdary and travel costs

ARU

U Enables longer surveys

without additionakurvey
efforti can program to
record at any time of day fo
any duration (e.g., beneficie
for detecting species that ce

7

Expensive (e.g., $1000 CAI
for Wildlife Acoustics SM4
unit, and ongoing
maintenance costs for
batteries, SD cards and
microphones)
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Survey Method

Advantages

Disadvantages

at night, or vocalize
infrequently)

Permanent record of survey
that additional experts can

QA/QC

1 Can pause and replay to

betteridentify vocalizations,
which is not possible in
person

] Can analyze longer duratior

recordings than what could
be achieved with iperson
surveys (i.e., can pause
recordings, take breaks, etc

1 Audio recordings can be

analyzed by automated
species recognizers to redu
human effort

Reduced field time (visit a
site once to set up and once
to take down, which is
beneficial for remote
locations)

1 Ability to simultaneously

record at multiple sites

U Increasing spatial coverage

requires either a large
amount of ARUs or moving
ARUs among sites during
the breeding seas.
However, this still enables
more simultaneous stations
to be surveyed without
interobserver bias than is
possible with iRperson
surveys

Loss of visual identification
of birds may lead to
underestimates

] Can produce a large amour

of data, which isdborious to
analyze. Whereas-person
surveys yield data
immediately without
additional transcription
effort

U Data corruption can occur

and may not be noticed for
long time until retrieved
from the field

] Can be difficult or not

possible to estimate loir
abundance from ARU
recordings as birds may
move and call from multiple
locations

1 The recording range is oftet

unknown or roughly
estimated (difficult to
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Survey Method Advantages Disadvantages

estimate area sampled)
which limits population size
estimates and detection
probabilityassessments

1.7 Research objectives

In 2005,P. australiswas deemed Canadads worst i RAvasive
food Canada (Gabby, 2020). Almost 20 years |&egustralisinvasions across Ontario and
Canada have not slowed, which has justified more intensive and disruptive control practices.
Assesng the impacts of invasive species control on native species is important to ensure that
such measures do not impose more harm on wildlife and their habitat than the invasion itself
Furthermore, it is important that survey methods balance effort alitgt &locapture accurate
estimates of diversity to accurately assess the response of native species to management actions.

In Chapter Twowe used two field studiek a BeforeAfter-Controkimpact design and a
spacefor-time substitution desighto invedigate the shorterm impacts oP. australis
management on wetland bird communities in two National Wildlife Areas in Long Point, ON.
We used ARUSs to survey birds during the dawn chorus in the breeding season to investigate
whether diversity metrics (spes richness, community composition, and functional traits)
differed between controP( australig, 1-or 2-years postherbiciderolling treatedP. australis,
and uninvaded reference vegetatidfe conclude that there are mincmanges to wetland bird
comnunities two years afteP. australismanagement, as nametlandaffiliated birds

experienced more change following treatment.

In Chapter Threeye investigated how to optimize the use of ARUs to survey breeding
wetland birds during the dawn chorifge also investigated if ARUs and-jmerson observers can
detect certain wetland birds at comparable distances in different wetland vegetatiowtypes.
conclude that a longer duration survey on one day within the breeding season captures
comparable avian diversity metrics as many short duration surveys across the breeding season
Butit may be more economical to employ the one longer duration survey, péctits more
sites to be surveyed by moving the ARUs around during the breeding sé&salso found that

the detection distances of ARUs anepgrson observers are relatively comparable in the three
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vegetation types, except in open areas where baakgmaise may have a greater influence on
ARUs and reduce their detection ability. Importantly, there was no difference in avian detection

distances between cattail and invagivaustralisvegetation types, regardless of the survey
method.

In Chapter Fourwe summarizeour findings, review management implications regarding
P. australiscontrol in wetlands, and provide recommendations for how to optimize ARUs to
monitor wetland bird communities.
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2. Short-term dfects of Phragmites australis management on avian species

diversity in Long Point coastalvetlands

2.1 Introduction

Marsh bird populations in the southern Great Lakes regiondwpariencedubstantial
declinessince the mieb0s (Tozer2013 2016, 20B). One maincauseor this declings the
expansion othe invasive grass speci€djragmites australisubspaustralis(P. australig and
its homogenization of breeding bird habitat in wetlands (Tozer, 2016; Robi&hRodney,
2017; Tozer & Beck 2018; Tozer & Mackenzie, 20R®bichaud & Rooney, 2022b
Phragmites australi;mvasion has exponentialgxpandedn the coastal wetlands dfong Point,
Ontario, which are of both regional and global significance to avifatiladx et al., 2003;
Government of Canada, 2021)

Phragmites australi;mwvasionaltersthe vegetation structure and composition within
wetlands andandisplace native vegetation preferredrbgny marsh birds for breeding and
foraging(Whyte et al., 2015; Robichaud & Rooney, 2017; Tozer & Beck, R0t tall and
dense stands &f. australisfill in water channels and pools, leading to the loss ofidie
hemimarsh habitat and a reduction in marsh bird accgseferredfeedingand breeding
grounds (Windham & Lathrop, 1999; Meyerson et al., 20BB)agmites australisnay alsdack
high-quality nesting material due to its rigidity, particularly for groumegting birds such as

waterfowl or rails (Meyer et al., 2010).

Indeed, he impacts oP. australisinvasion on avian communities have been weitlied
(e.g., Benoit & Askins, 1999; Meyer et al., 2010; Gaghapien et al., 2015; Whyte et al.,
2015; Robichaud & Rooney, 2012022. A main trend thahasemerge from these studies is
thattherear@ wi nner s and | os el australigin wetlands:habitat nvasi on o
generalists and smdlodied narshusersmay benefit, while largelbodiedmarshusersand
aerial foragers may suffer (Gagnbuapien et al., 205; Whyte et al., 2015; Robichaud &
Rooney, 2017)Expansion of the dry and dense habita® o&ustralismay be utilized byoth
habitatgeneralistsas they ar@ot sensitive to vegetation type or water levaigjsmallbodied
marshusershat prefer shrubby vegetatigRobichaud, 2016). In contrast, lardediedmarsh
users such asheprovincially and federallyrhreatened.east Bittern(Ixobrychus exiliy ard
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marsh bird species aebnservatiorconcernsuch as th&/irginia Rail (Rallus limicolg, may

avoid dense patches Bf australis(Robichaud & Rooney, 2017), possibly due to its
impenetrability or unsuitable foraging or roosting sites (Rehm & Baldassarre, 2007; Kessler et
al., 2011) Furthermore, provincially and federally@gk swallowsmay avoid foraging ove?.
australisinvadal areas (Robichaud & Rooney, 201”)esumably, controlling. australis

invasion in coastal wetlandgould help restore the avian community to-preasion conditions

and benefithose birds most impacted by invasion.

To reverse the ecological degradation causeld.@ustralisinvasion and recover habitat
value and wetland floral and faunal diversity, many jurisdictions around the Great Lakes are
engaged irP. australiscontrolefforts (Braun et al., 2016). In most cases, this entails herbicide
based treatment &f. australisand some form of secondary treatment with amphibious vehicles
to flatten or remove the resulting litter (Martin & Blossey, 2013; Hazelton et al., 28dr4).
example, in 2016 the Ministry of Natural Resources and Forestry inifatedstraliscontrol
efforts in the Long Poirpeninsula, specificallin the Crown Marsh Waterfowl Management
Area and thé.ong Point Provincial ParlSurrounding land managers gkl joined the project,
culminating in 2019, wheknvironment and Climate Change Canad2anadian Wildlife
Servicejoined the peninsutaide effort to eliminatd®. australis The Canadian Wildlife Service
T Ontario region (CWSON) maintains two NationaVildlife Areas (NWASs) along the Long
Point peninsula. The purpose of an NWA is to conserve ecologically significant habitat for
migratory birds and other wildlife, as well as habitat for species at risk (ECCC, 2020). Because
there have beefiew studiesinvestigating potentiaharms to birds or other wildlifarisng from
P. australissuppression activityfCWS-ON were concerned about the potential for unanticipated
harmsl n t he Long Point Walsingham For estrisk whi ch
conservation, the CWON has published an Integrated Conservation Action Plan, which sets the
goal that 90% of the vegetation in wetlands and dunes now dominakedabgtraliswill be
native by 2025 (MacLeod, 2019). This goal aims to reducugralis extent and maintain cover
at less than 10% of its 2018 extent across the Long Point coastal wetland complex (ECCC
2020b; MacLeod, 2019). Long Point supports critical habitat for over 50 species listed under the
Species at Risk Act, including at l€@8 atrisk bird species (ECCC, 2020b). The ultimate aim
of this conservation action is to suppresswustralisto encourage the recovery of native

vegetation and the +establishment of ecologically significant habitat (ECCC, 2020 a,b). As part
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of the onservation action plan, CWSN must evaluate the effects of treatment on wetland
biota, including species at risk and marsh birds (MacLeod, 2Bib®ever, for CWSON to
engage with the broader peninsulale efforts, they wanteth monitor the shostermeffects of

P. australissuppression activitgn wetland bird, as distinct from the growing body of evidence
of long-term improvements in habitat quality for wetland birds that ultimately resultfrom

australissuppression

Phragmites australimanagement can be challenging and costly, and it may require long
term repeated control measures to sufRaiaustralisremoval,and there is concern thizie
associatedecurrenthabitat alteratioman havainintended consequences to wetland biota
(Martin & Blossey, 2013; Hazelton et al., 2014; Quirion et al., 2017, Angoh et al., 2021). For
example, the heavy machinery used for mechanical treatment may pose a risk of infuigkto at
turtles usingP. australisas habitat (Angoh et al., 2021). Furtheredhe goal oP. australis
restoration is to promote the recovery of native vegetation, but this recovery can be context
dependent and is not guaranteed, as the environmental conditions at a site (e.g., soil moisture
levels water levelscan greatly inflence what vegetation returns aferaustralismanagement
(Rohal et al., 2019).

For example, a study monitored the response of vegetation communitid3. after
australiswas treated with an herbicide in two coastal wetland complexes on Lak@aElieing
the Long Point regiofRobichaud & Rooney, 2021 They found that two years after treatment,
over half of the treated plots had vegetation communities that diverged significantly from the
control plots (i.e., wherB. australisremained), but nonetheale remained dissimilar from the
reference condition (i.e., uninvaded emergent and meadow marsh habitat). Instead, these treated
plots were a novel community composed of floating and submerged aquatic vegetation and
dominated by the invasive species Eurapgeagbit (Hydrocharis morsusanaé. This
highlights that the removal of one invasive species can lead to secondary invasion by other
invasive species. Indeed, several factors regairgistralismanagement may influence
whether marsh birds will use and benefit from the restored hatitaleast of which is how the
vegetation communities will respondRo australisremoval. Few studies have looked at the
immediate response of bird communities to the removal alistralisin coastal wetlands (see

Lazaran et al., 2033
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Lazaran et al(2013)determined that the immediate effect$?ofaustralismanagement
in Lake Erie coastal marshegy harm certain breeding mhatsirds, such as thiglarsh Wren
(Cistothorus palustris Theydeterminedhatin 1-year postherbicidetreated sitedylarsh Wren
singingterritory andnest densityvas significantly lower, and initiation of nesitnests was
significantly latercompared t@re-treatment conditiondt is likely that the removal adense,
verticalstructure provided bf. australis,as well as the delay in the regeneration of vegetation
one year after treatment, reduced the breeding habitat required Matsie Wren(Lazaran et
al., 2013).

Theultimateoutcomeof P. australismanagement for the avian community is expected to
be positive. For exampl@pzer & Mackenzie (2019) looked at a longerm response of marsh
birds toP. australismanagemerand found positive effectsn marsh birdsThey found that
species richness and abundance of marsh birds of conservation concern significantly increased
five yearsafter treatmentand that three out of four of the common marsh breeding birds
experienced no significant change in occurrence aftatment, except faviarsh Wren which
experienced a significant increase (Tozer & Mackenzie, 20h9.finding may seem to
contradict the results of Lazaran et al. (2013) but recall that Tozer and Mackenzie (2019) found
this positive effect oP. austalis managemern Marsh Wrerfive years after treatmery
which time vegetation should have recoverBiereforewe anticipate that the shedrm effects
of suppression activity may not agree with the lortgem outcome oP. australisremovaland
expect thait will take time for the avian community to positively responi.taustralis

managemerds the vegetation communities equilibrate ficssitment.

Another avian functional group thiatsensitiveto P. australisinvasionandtherefore
may benefit from management agerial insectivores, which catch insects in flight (Robichaud &
Rooney, 2017)Aerial insectivores have been experiencing steep population declines in Canada,
losing approximately 59% of their poputat since the 1980s (North American Bird
Conservation Initiative Canada, 2019). In the years immediately folloRimgistralis
management, treated areas were found to support a high density of emergent chironomid
macroinvertebrates, which are a cruciaypitem for aerial insectivores (Robichaud et al., 2021).
TheBarn Swallow which is provincially designated as Threatened (Heagy et al., 2014) and
federally designated as Special Concern (COSEWIC, 2021) amahttheSwallow which is
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provincially and fedeally designated as Threatened (Falconer et al., ZBAGC 2021) are
aerial insectivores that use marsh habitat and may benefit from the increased access to foraging

grounds in the years immediately followiRg australiscontrol.

Overall, there are bbtbenefits and costs to managkgaustralisinvasion in wetlands.
RemovingP. australismay benefit certain marsh birds that have been most impacted by
australisinvasion, including species of conservation concern, and those that are habitat
specialiss that rely on marsh habitat (Robichaud & Rooney, 2017; Tozer & Mackenzie 2019).
The effects oP. australisremoval on marsh birds seem to vary with time since management, as
it takes time for the vegetation communities to rejuvenate after treatmentghaet al., 2013;

Tozer & Mackenzie, 2019; Robichaud & Rooney, 282The recovery of the avian community

is going to be contexdependent and vary with the response of the vegetation community (e.g.,
Rohal et al. 2019, Robichaud & Roon@®21).Any ham, even shofterm harms, caused B
australissuppressiomre cause for concegiven that most monitoring studies suggest Ehat
australissuppression activities require frequent follaw treatments that can cause repeated
disturbance to wetland habitat over the long term (Martin & Blossey, 2013; Hazelton et al., 2014;
Quirion et al., 2017, Angoh et al., 202Thesepotential harmseed tdbe understood to inform
responsible land management decisiangd to enable land managers to strategize lbest/to

control invasiveP. australiswhile mitigating any risk to birds and otheildlife.

To meet the conservation goal of CVIN 6 s | n Coasgrvaton Actlon Plan
(MacLed, 2019, extensiveP. australismanagement is occurring in the Long Point
Walsingham Forest within the Big CreBMVA and the Long Point NWA to reduce the extent of
P. australisto 10% of its 2018 extent by 202Bhragmitesaustralisis being treated with a
glyphosatebased herbicide via aerial and ground application, followed by cutting or rolling of
standing dead litter via an amphibious Marsh Ma¥teFhe motivating objective behind this
work is the conservation gpecies atisk, including at least 28 avian species considered
threatened by. australisinvasiondrive habitat loss (ECCC, 2020@he purpose of our study
is to assess the shderm effects oP. australiscontrol on the avian community in Long Poiat t

determindf any consequences arise from treatment.

In this chapter, waad two main objectived) use a Beforéfter-Controlimpact design

to assess the effects Bf australiscontrol on avian species richnggstal, marskusers, species
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at-risk, andspecies of conservation conceamd community compositioftotal andmarshuser)

and 2)use a spactor-time substitution design twmpare avian species richnésame metrics)
community compositioisame metrics)and functional trait composition among herbieide
rollingtreateds i t es, uninvaded O6referenceastralis t es, and

dominated)

We hypothesize thabtal species richness wile similarbetweercontrol, reference, and
herbicidetreated sitebecausepeciegichness can ban insensitive metric for determining
changes iraviandiversityin different wetland habitats (Robichaud & Rooney, 2017).
Phragmites australi;wvaded habitat supports similachness to reference wetland habitat
(GagnonLupien et al., 2015Vhyte et al., 2015Robichaud & Rooney, 201 7hragmites
australismay suppora different composition of bisthan reference habitdtie to structural
differencedn vegetationbut this maynot altertotal site-level richnessf there isturnover in
community compositiofi.e., a loss of habitat specialists, but gain of habitat generalists;
Robichaud & Rooney, 201 AWe predictthattotal species richness wilbt be differeneamong
control herbicidetreated and referenclabitat because birds preferring the tall and dense
habitat ofP. australismay be replaced by those who prefer the epater habitat remaining
after treatmentWe hypothesiz¢hatthe richness of marsisers and species of conservation
concern willbe similarin reference and treatédbitat ande greater thamvadedP. australis
control sitesSeveral marshisers and species of conservation concern are waterfowl and wading
birds thatuse hemimarsh habitat for breeding afaraging andwill likely use theincrease in
openwater and hemmarsh habitat remaiimg after treatmenfLor & Malecki, 2006;Rehm &
Baldassarre, 200 Schummer et al., 20)AVe predicthatherbicidetreated and reference
habitat will support greateichnessof marshusers and species of conservation concern than
invadedP. australishabitat.We hypothesiz¢hatthe richness adpecies will bdower inP.
australissites than treated or reference sifiehere is a mix of gecies at rislkobserved ir.ong
Point(e.g., swallows, bitternserns)which have different habitaequirementsHowever the
expansion of invasive. australishaslikely displaced theipreferred habitat typehifting them
to othervegetation withirthe wetlandsWe predicthatherbicidetreated and reference sites will

have a greater richness of species at risk ithaadedP. australissites.
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We hypothesiz¢hat avian community coposition will differamongcontrol, reference,
and herbiciddreated sitePhragmites australisupports species that use dense, vertically
structured vegetation, which are often snaaltlied species or habitat general{&sgnon
Lupien et al., 2015; Rooney & Robichaud, 2PDThe more open habitat resulting from
herbicide treatment will likely sygort species that prefer to forage and nest in areas with greater
interspersion of emergent vegetation and open water than in dense vegetation (Rehm &
Baldassarre, 2007; Schummer et al., 200&).predicthat the community composition will
differ betweerP. australisinvaded habitat ankderbicidetreated habitatWe further predict that
community composition in treated sites will lie somewhere betwefenencehabitat andP.
australisinvaded habitatWe hypothesiz¢éhatherbicidetreated habitat will not support novel
avian species with novel functional traisitinsteada subset obirds withfunctional traits
found inreference habitalhe recently treated habitat wilkely resemble reference habitat
(more operwater and heimmarsh arrangementyvhich may support waterbirdisat often use
hemimarsh for breeding and foragifi@ehm & Baldassarre, 200Baschuclet al, 2012) We
predictthatfunctional trait compositiowill be similar in reference and treated habitat, but
distinct fromP. australisinvaded habitat.

2.2 Methods

2.2.1 Study area

In the spring of 2019 and 2021, we conducted avian surveys in coastal wetlands in the
Big Creek and Long Point National Wildlife Areas located in Long Point, Ontario, Canada. The
NWAs are separated into management uaitsl our study surveyed the Big Ckait within
the BigCreek NWAand t he Thor oug handaborg Pon®unitswithethes Ri dge
Long Point NWA.

2.2.2 ARU deployment
We used &8eforeAfter-Controtimpact(BACI) design séensuJnderwood, 199) to

determine theesponse of marsh birtiso years afteP. australisremoval This is a spatially
replicated desigwhich we usedo compare bird diversity in control and herbicideated sites
to themselves over timén spring 2019CWS-ON deployedeight ARUs (Song Meter SM4s

units; Wildlife Acoustics, 2021) across the Big Creek and Long Pond management units in non
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nativeP. australisdominated areas to record baseline conditions of bird communities pRor to
australistreatment (Figure 2.1Four ARU siteswould remainasuntreated?. australis

(statistical contrad) andfour ARU siteswould betreated in fall of 2019Control and treatment
siteswerepaired by water depth and clustered by managementfomitARUs were placedn

Big Creek andour in Long PondAn Emergency Registration (no. 32356) was obtained, and in
fall 2019, a glyphosatbased herbicide (Roundup® Custom for Aquatic & Terredtisa

Liquid Herbicide, Bayer CropScience Inc., Canada) combined with a nonionic alcohol ethoxylate
surfactant (Aquasurf®, registration no. 32152, Brandt Consolidated, Springfield, IL, USA) was
used to treatedpproximately 10 ha of wetland. This herbicigglecation was followed up by
mechanical treatment by cutting and rolling d@adustralisvia an amphibious Marsh

Mastef™. In spring2021, we worked with CW®N to deployARUs in thesamecontrol and
treatmentocationsacross the Bigreek and Long Ponthanagement unit§hese2021 ARU

sites were surveyed approximately 20 mordfisr treatmentbut for simplicity, we willrefer to

thisas2-years posherbiciderolling treatment.
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1) Big Creek Unit (Big Creek NWA)
® PBT1
® PBT2

2) Long Pond (Long Point NWA)

Figure 2.1. Map of non-corruptedautonomous recording unit locations in the Big Creek National

Wildlife Area (1) and the Long Point National Wildlife Area (2) on the Long Point peninsula

located on the north shore of Lake Erie. Sites were sampled in June 2019 and June 2021 for the
BeforeAfter-Controll mpact design. Site names wbasdd ATO i |
herbicide application foll owed by mechanical
(untreatedP. australig. In 2021, technical difficulties occurred with the ARdlge to a firmware

update which resulted in corrupted audio files on several units.

We originally planned to repeat the BACI experiment in other areas ofeti@ndwhere
treatment was planned for fall 2020, lbould notimplement this pladue toCOVID-19
restrictions Instead,n spring2021, weused a spaefor-time substitution design tetermine
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how marsh birdliversityand compositiomompared amongerbiciderolling treatedsites
reference sites that had never been invaddel. laystralis and untreated control sites that
remain dominated bl. australis A spacefor-time substitution design is used to collect data
with large spatiaéxtentover a short duration of tinte determine relationships between
predictor and response variables without having to wait several years to ttakdata Pickdt,
1989. We included reference sites to determine if bird communities in herlireidied ges are

starting to resemblieird communitiesound in reference habitat

In fall 2020,approximately 110 ha of wetlamdceivedherbicideapplicationand rolling
treatmentcrosghe Big Creekmanagementnit and the ioroughfarenanagementnit. In
spring 2021, we worked with CWSN to deploy ARUs across the Big Creek, Thoroughfare,
Squi r e paad L&ig Bogaranagemeninitsto record birdcommunitiesn 1-or 2-year
posttreatmensites,untreated control site®( australisdominated) andninvaded reference
sites(Figure 2.2)In 2021, ARUs placed in sites that were treated in fall 2020 were surveyed
approximately 8 months after treatment, but for simplicity, wenefir to this ad-yearpost
herbiciderolling treatmentReference sites included cattail maf$iiphaspp.) meadow mash
andhemimarsh (50% open water, 50% emergent vegetatikiR)s were clustered by
management unit to spatially represtr Big Creek and Long PoiNWAs. The four
management units were broken into four directional quadrambstheastsoutheast, southwest,
northwest andwe attempted to equally distributee number of ARUs for each vegetation type
in each quadrant, to the extent possiBigor to deployment, all ARUhicrophons were

calibrated

Figure 2.2. Map of noncorrupted autonomous recording unit locations in the Big Creek National
Wildlife Area (1), Thoroughfare management un
management unit (Long Point NWA) (3), and Long Pondagament unit (Long Point NWA)

(4), on the Long Point peninsula located on the north shore of Lake Erie. Sites were sampled in

June 2021 for the spafer-time substitution desigit P 0 i nPdaugtralis e § T0 and ATPO
indicate treatedP. australischerh ci de application foll owed by ro
mar sh and AMMO indicates meadmashsi®.SBRRS5ani HO2 i
6 are reference sites (meadow marsh, haanish, and cattail marsh, respectively), and SR 3, 4,

7 and 8are control sitesH. australig. In 2021, technical difficulties occurred with the ARUs

due to a firmware update which resulted in corrupted audio files on several units.
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1..Big Creek Unit (Big
Creek NWA)

e BC-T2-2021

® BC-T1-2021

e BC-CM-1-2021
e BC-P2-2021
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A

® BC-CM-2-2021
BC-TP-2-2021 *®
@
BC-TP-1-2021

= e BC-MM-1-2021
BC-MM-2-2021

2. Thoroughfare (Long Point NWA)




We programmed ARUSs to record during the dawn chorus within the marsh bird breeding
season (miMay to early July)n 2019 and 2021JARUs began recording kalf-hourbefore
dawn and continued fawo hours and did so fati 7 consecutivalays across mithate June in
2019 and 2021ARUs were deployetbllowing C WS @321 ARU deploymenprotocol. We
deployed ARUs in homogenous patches of target vegetation thaatteest 25 m in radius and
25 m from open water. We positioned ARtdsbe 1)perpendicular to the depth gradient, with
the frontof the ARUfacing open water and the back facing shallow water or shoraha@)
installed to have microphones 1.5 m abthewater level. All ARUs were at least 250 m apart

to prevent their estimatel®5 mrecording radii from overlapping.

In 2021, technical difficultiesccurred with the ARUdue toa firmware updatewhich
resulted in corrupted audio files @everal unitsThis reduced the 2012021 BACIsample size
to threecontrol andhreetreatment sitesand it reducedhe 2021spacefor-time substitution
experimenfrom 30 ARUs to 2(Table 2.1) To improve statistical powdor the spacdor-time
substitutionexperimentthe three reference vegetation types (meadow marsh, cattail marsh and
hemimarsh) were grouped togetteers 6 r e, finel the dor -geérpostherbicidetreatment
sites were grouped togetteerstreated
Table2.1. Sample size in reference (comprisimigghree vegetation types), treatedofl2-years

postherbiciderolling) and control P. australig sites across the Big Creek and Long Point
NWAs in 2021.

Vegetation SampleSize
Reference 8
Hemimarsh
Cattail (Typhaspp.)
Meadow marsh

Herbicidetreated
1-year pos®020 treatment
2-years posk019 treatment

~N| W N O W wN

Control
Total 20
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2.2.3 ARU transcription

Ourresearch determingtat ARUs within Long Point coastal wetlands should be
transcribed for 45 min on one day in Jusggglit across the dawn choras,capture at least 80%
of the species estimated to be present using
capture species of interest such as massrsspecies atisk, and species of conservation
concern(see Chapterhreg. Transcripion effort was split into three 15 min windows to capture
the early and late portion of the dawn chorus: 1) the 15 min immediately preceding dawn, 2) the
15 min immediately following dawn, and 3) the 15 minutes running between 1 h 15 min after

dawn to 1 B30 min after dawn.

Recordings were transcribed using the audio editing program Audacity ® (version 2.4.2;
Audacity, n.d. Audacity displays audio as spectrograms, which are visualizations of bird
vocalizations (Figure 2.3). Spectrogram settings weresetdgarithmic scale to show
frequencies between 104®,000 Hz, the window type was set to Haamd the window size
was set to 1024, while the gain was 15 dB and range was 80 dB (Reynolds, 2020). The
spectrogram color was set to grayscale for ease in visual interpretfdtese settings were
chosen to best identify vocalizations 1000 Hz or higlvaich is the range of most diurnal avian
species (Hu & Cardoso, 200Bjirds were identified by their audible vocalizations, and when
possible, confirmed visually by analTheing the
recordings were transcribea 1 min intervals, and the presence of a species heard vocalizing

within the interval was recorded.

Vocalization identifications with low certaintyere reviewed by Dr. Doug Tozer of
Birds Canada. Vocalizations that were too quiet, degraded in qualitgjdEntifiable as a
unique song or call were omitted from all subsequent analgsesocalizations that were

possibly uniqgue species were kept in subseqgue

Thesix ARUs in 2019were transcribed on the same daylane 2%, andthe20 ARUs
in 2021 were transcribed on either Juné o7 20", as one date for all recordings could not be
chosen due to either poor weather conditions or technical difficulties leading to corruption of
files. Dates were chosen in compiég with the Marsh Monitoring Program Protocol; light wind,
no rain and minimal background noise (Birds Canada, 2009). However, some background noise
including nearby traffic and lake activity was unavoidable across all days for certain ARUs, but
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the durdion of background noise interference was often short and did not significantly impact

transcription.

Time (seconds)

Frequency (Hz)

Figure23.Spectrogram of a CGeotnypistrickes wWiowhht aawds chi
song.

2.2.4 ARU site characteristics

To characterize bird habitat surrounding each ARU in 2021, we determegethtion
composition and vertical structure by completing vegetation contact profile sdolleysng a
similar methodology outlined in Gagndmipien et al. (20%). We completeadontact profile
surveys between Jun&-20" 2021 to reflect the habitased by birds during the ARU
transcription period of midune. To complete the surveys, a 1 m rod was placed horizontally on
the ground or waterés surface and a 4.5 m rod
Each rod was 3 cm wide and markeithwed and blue tape alternating every 20 cm. Starting at
the bottom of the vertical rod, each plant species touching the rod was documented in 20 cm
intervals. The vertical rod was moved in 20 cm intervals along the horizontal rod until the entire
1 m was assessed. Plants were groupezhiegories similar tthe Ontario Wetland Evaluation
System 2014 vegetation classification: brod€aved emergent, narrelaved emergent, robust
emergent, floating, ground cover, shribaustralis,andstanding dead litter. Sampling occurred
at five locations at each ARU site: 1 m in front of the ARU, 40 m and 80 m left of the #&RIU
40 m and 80 m right of the ARWater depth was taken at each of the five sampling points and

averaged for each site.
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We plottedvegetatiorcontactprofiles by summinghte total number of contacts for each
vegetation type for each height clédgseach ARU We also carried out an NMS ordinatitmn
visualizetrends in ARU site characteristics.

2.2.5 Statistical analyses

For both the 2012021 BACI experiment and 203pacefor-time substitutionwe
performedanalyses on avian diversity and community composition. For thesga@¥for-time
substitution we additionally investigated the composition of bird functional traits (i.e., how a
bird forages, what it forages f@nd its nesting preferenceshich were retrieved from the
Cornell Lab of Ornithology #AAll About Birdso
2022). For avian diversity, we analyzed total avian species richness and the richge=sses at
risk, marshusersandmarsh birdspeciesof conservation concern, reflecting the importance of
the Big Creek and Long PoiNMWAS in avian biodiversity conservatioBirds that were
designateés provincially and/or federally-aisk were included in thgpecies atisk group.In
consultation wittDr. Doug Tozer of Birds Canagae created a list of maralser species,
which were defined aspecies that rely on wetlands for breeding, foragmdja loafing. This
group includd species designated as matsters in the Marsh Monitoring Prograwiie
identified marsh bird species of conservation concern as those that the Marsh Monitoring
Program desi ¢gpeaddtatsare aften sedretive matur@, require adequate habitat
guality, and may be most sensitive to changes in their habitat (Birds Canada, 2009; Tozer,
2013a).They include the followingLeast Bittern(Ixobrychus exilis American Bittern
(Botaurus lentiginosysVirginia Rail (Rallus limicolg, King Rail (Rallus elegans Sora
(Porzana caroling, Common GallinulgGallinula galeatg, American Coo{Fulica americang,
andPiedbilled GrebgPodilymbus podicepsFor community composition, we analyzed both
the total avian community and the matgter communityAll univariate statistics were
computed using SYSTAT v. 13.1 (SYSTAT, 2009) and all multivariate analyses were computed
using PGORD v. 7 (McCune & Mefford2018).Assumptions oéll statistical testsvere

reviewed
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2.2.6 BeforeAfter-Control-lmpact experiment

2.2.6a Avian species richness

We conducted a twéactor ANOVA (type lll SS) to examine the effect of year (2019,
2021), treatment (control or herbicidalling treatment) and their interaction twial species
richness and the richness of mausers, species of conservation concand species atisk.
Both year and treatment were set as fixed facWesassessed the normality of the residuals
withan AndersorDbar | i ng test, and homogeneity of vari a
visual inspection of plots of residual vs fittealwes With a BACI design, we are most interested
in the significance of the interaction term, which would indicate that bird diversity divevged

time between treatment and control plots following herbigléng treatment.

2.2.6b Avian community coposition

We conducted two twdactor multivariate permutational analysis of variance
(perMANOVA) to investigate the effects of year (2019 vs. 2021), treatment type (control vs.
treatment), and their interaction on the total avian commugnityposition and the maralser
community composition. Year and treatment type were set as fixed factors and our main interest
was in whether a statistically significant interaction effeet, < 0.05)was present, which would
indicatethat the community composition of birds diverged between treated and control sites
following the herbiciderolling treatment. We used the Sorenson distance measure calculated
using presencabsence data to test if the herbierding treatment hadreeffect on bird
community composition. For the total avian community dataset, fourteen species that occurred in
only one of the 12 sitgear combinations were excluded from the analysis to reduce sparsity in
the dataset (Peck, 2010).

To visualize changes rommunity composition across year and treatment, we conducted
a nornmetric multidimensional scaling (NMS) ordination, using the same Sorensen dissimilarity
matrix calculated from the total avian community preseattsence data. An NMS produces a
gradient n which sites with similar species compositions are positioned closer together and sites
with dissimilar species compositions are positiofsgtherapart (Kenkel & Orloci, 1986). To
determine optimal dimensionality, we contrasted @limension solutiasia a Monte Carlo test

method, whereby the final stress values from 50 randomized runs were compared to 50 runs with
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real data from random starting configurations. The runs were permitted a maximum of 200
iterations and a solution was deemed stable itress had a maximum standard deviation of
0.00001 over the last 10 iteratiofisvelve species that occurred in only one of the 12ysite
combinations were excluded from analysis to reduce sparsity in the datasespiuied

Purple Martin(Progne sibis), Mourning Dove(Zenaida macrourg andRedwinged Blackbid
(Agelaius phoeniceli$ were present at every site, and subsequently not plotted in ordination

space.

To determinef NWA location was a significant predictor of differences in community
composition (both total and marsiser), we conducted two mulisponse permutation
procedures (MRPP) with a Sorensen distance measure. We used an MRPP because it does not
require abalanced design like the perMANOVA (Big Creek NWA N = 4, Long Point NWA N =
2).

We rantwo more twefactor perMANOVAs with Sorenson distance measure to
determine if treatment impacted total avian community composition and-unsgslcommunity
compositionat the Big Creek NWA sites only. Year and treatment were set as fixed factors, and
again, we sought to determine whether their interaction was statistically significant.

2.2.7 2021 spaetor-time substitutiorexperiment

2.2.7a Avian species richness

We conducted a orfactor ANOVA (type Il SS) to examine the effect of vegetation
type (herbiciderolling treated, untreated control, and uninvaded reference) on total avian species
richness and the richness of mausers, species of conservation concanuspecies atisk.
We assessed the normality of the residuals with an And&admg test, and homogeneity of

vari ance witesthas well ds eisua mspdctson of plots of residual vs fitted values.

2.2.7b Avian community composition

We conducted four MRPPs using the Sorenson distance measure calculated using
presenceabsence data to test if 1) vegetation type (treatediatpand reference) and 2) ARU
| ocation (Big Creek, Thoroughfare, Squireods
significant predictors of differences in total avian community composition and fusesh

community composition.
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To visualize changes icommunity composition across the three vegetation types, we
conductecatnNMS ordination, using the same Sorensen dissimilarity matrix calculated from the
total avian community presenedsence data. To determine optimal dimensionality, we
contrasted 1L 4 dimension solutiogivia a Monte Carlo test method, whereby the final stress
values from 50 randomized runs were compared to 50 runs with real data from random starting
configurations. The runs were permitted a maximum of 200 iterations and a solutideessed

stable if the stress had a maximum standard deviation of 0.00001 over the last 10 iterations.

2.2.7c Functional trait composition

We conducted two MRPPs using the Sorenson distance measure calculated using
functional trait occurrence data to téslt) vegetation typeand 2) ARU location were significant

predictors of differences in functional trait composition.

To visualize changes in functional trait composition across the three vegetation types, we
conducted an NMS ordination of weighted abundance, using the Sorensen dissimilarity matrix
calculated from the functional trait relative occurrence data. Traitsaberedancaveighted to
reflect the number of species observediafRU sitepossessing a given trait. To identify the
optimal dimensionality, the same parameters in community composition NMS ordination were
used (see Sectich2.7-b).

2.3 Results
2.3.1 Before After-Control-lmpact experiment

2.3.2a ARU transcription

Fifty-two avian species were observed in 2019 and 46 avian species were observed in
2021 across theix ARUsin the BACI experimen(Table 22, 2.3).
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Table2.2. Species identified after transcribing twelvestute recordings on one day in June

in 2019 and 2021 across control and treatment sites in the Big Creek and Long Point NWAs.
Treatment occurred at treatment sites in theofa®019, after avian surveys were complete.

Hence 2019 data is pteerbicide application, and 2021 data is gusstbicide application at the

treatment locationdMarshu s er speci es are indicated with a
concern arendicated with an asterisk (*) and species at risk are indicated with an open dot (°).

4-L etter Alpha

Common Name Scientific Name

Code
Birds observednly in 2019
Belted Kingfi sher . Megacerylealcyon BEKI
Blackc r owned Ni ght F Nycticoraxnycticorax BCNH
Blue-gray Gnatcatcher Polioptila caerulea BGGN
Bluewi nged Teal A Spatula discors BWTE
Brown Creeper Certhia americana BRCR
Brownrheaded Cowbi r d. Molothrus ater BHCO
Chestnutsided Warbler Setophaga pensylvanica CSWA
Common LoonA Gavia immer COLO
Common TernA Sterna hirundo COTE
European St ar |l i ng.Sturnusvulgaris EUST
Gray Catbird Dumetella carolinensis GRCA
Herring Gull A Larus argentatus HERG
Mut e SwanA Cygnus olor MUSW
Wil l ow FIl ycat cher .Empidonax trailli WIFL
Birds observedonly in 2021
Carolina Wren Thryothorus ludovicianus CAWR
Eastern Woogeweé Contopus virens EAWP
Great Crested Flycatcher Myiarchus crinitus GCFL
Indigo Bunting Passerina cyanea INBU
Northern Flicker Colaptes auratus NOFL
Northern Roughwi n g e d s wa | Stelgidopteryx serripennis NWRS
Orchard Oriole Icterus spurius OROR
Virginia RailA * Rallus limicoladd VIRA
Birds observedn 2019 & 2021
American Bitteri * Botaurus lentiginosus AMBI
American Crow Corvusbrachyrhynchos AMCR
American Goldfinch Spinus tristis AMGO
American Robin Turdus migratorius AMRO
Baltimore Oriole Icterus galbula BAOR
Bank SwallovA A Riparia riparia BANS
Barn SwallowA A Hirundo rustica BARS
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Common Name

Scientific Name

4-L etter Alpha
Code

Black-capped Chickadee

Blue Jay
Brown Thrasher
Canada GoosedA

Cedar Waxwing
Chipping Sparrow
Common Gallinuld *
Common Grackl eA
Common Yellowthroak
Eastern Kingbird
Eastern Towhee

Field Sparrow

Great Blue Hero
House Wren

KilldeerA

Least Bitterd * A
MallardA

Marsh Wrei
Mourning Dove
NorthernCardinal
Piedbilled Grebd\ *
Purple Martii
Redwinged Blackbird
Sandhill Cran8
Song SparrowA
SwampSparrowh

Tree Swallovh
Warbling Vireo

Wood Ducld

Yellow WarbleA
Yellow-billed Cuckoo

Poecileatricapillus
Cyanocitta cristata
Toxostoma rufum
Branta canadensis
Bombycilla cedrorum
Spizella passerina
Gallinula galeata
Quiscalus quiscula
Geothlypis trichas
Tyrannus tyrannus
Pipilo erythrophthalmus
Spizella pusilla
Ardeaherodias
Troglodytes aedon
Charadrius vociferus
Ixobrychus exilis
Anas platyrhynchos
Cistothorus palustris
Zenaida macroura
Cardinalis cardinalis
Podilymbus podiceps
Progne subis
Agelaius phoeniceus
Antigone canadensis
Melospiza melodia
Melospiza georgiana
Tachycineta bicolor
Vireo gilvus

Aix sponsa
Setophaga petechia
Coccyzus americanus

BCCH
BLJA
BRTH
CAGO
CEDW
CHSP
COGA
COGR
COYE
EAKI
EATO
FISP
GBHE
HOWR
KILL
LEBI
MALL
MAWR
MODO
NOCA
PBGR
PUMA
RWBL
SACR
SOSP
SWSP
TRES
WAVI
WODU
YEWA
YBCU
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Table2.3. Cumulative ichness of total species, mansbers, species at risk (SAR), and species
of conservation concern (SOCC) in control (N = 3) and treatment sites (N = 3) in 2019 and 2021
across the Big Creek and Long PdiwAs.

2019 2021
Total Control Treatment* Total Control  Treatment*
Total species 52 40 46 46 41 37
Marshusers 32 26 27 24 24 19
SAR 3 3 3 4 3 3
SOCC 4 4 4 5 5 3

*Note: herbiciderolling treatment occurred at treatment sites in the fal0df9, after avian
surveys were complete. Hen@919 data is prberbicide application, and 2021 data is post
herbicide application at the treatment locations.

2.3.1b Avian species richness

Total species richness was greater in 2019 than in 2Q23% (B3.59, p = 0.01), and it
was greater itreatmensites compared to control sites ¢& 7.85, p = 0.02; Figure 2.4). The
interaction of year and treatment was at the margin of statistical significance3F67, p =
0.09). There was no significanfett of year, treatment, or interaction of year and treatment on
the richness of marsinsers species atisk, or species of conservation concern (p > 0.1; Table
2.4).

30+ ::[:

20

10 7

Average species richness

2019 Control 2019 Treatment 2021 Control 2021 Treatment
Year-Treatment combination
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Figure 2.4. Plot of average avian species richness in control and treatment sites in 2019 and 2021

(N = 3 per yeatreatment combination). Error bars indicate standard error. Note that the two

factor ANOVA with interaction concluded the interaction was not signifjdauttboth year and

treatment differedvere (p < 0.02Table 2.4). Also note théteatment occurred at treatment sites

in the fall of 2019, after avian surveys were complete. Hence, 2019 datehsrpi@de
application, and 2021 data is pdsrbicide gplication at the treatment locations.

Table2.4. Two-factor ANOVA results comparing bird richness among year (2019, 2021),

treatment (control or herbicileo | | i ng treat ment) and t hei
at risk and ASOCCO represents species of
Total Species Marsh-user SAR Richness SOCC
Richness Richness Richness
F df p F df p F df p F df p
Treatment 785 18 0.02/0.02 1,8 0.90/0.06 1,8 0.81{0.02 1,8 0.89
Year 1359 1,8 001|105 1,8 0.33/0.06 1,8 0.81/0.02 1,8 0.89
Treatmentx | 3.67 1,8 0.09|0.07 1,8 0.80/0.53 1,8 0.49/0.96 1,8 0.36

Year

2.3.12c Avian community composition

When we considered the Big Creek and Long Point MWRU data combinedjeither

the composition of the totavian communityor the marstuser communitgexhibit a significant

interaction between year (before and aftenjitreatment (control or treatmer{p > 04; Table

2.5). Neither were the main effects of year or treatment significant predictors of avian

communitycomposition jp > 0.20;Table 25).

To visualize the trends in avian community composition among the ARU locations, we

carried out NMS ordination on the avian occurrence dataset. The optimal NMS ordination of

community composition within the two NWAs had two dimensions (p = 0.02), withah fin

r

i Nt e
cons

instability < 0.00001 and a final stress value of 9.58 after 69 iterations. Axis 1 explained 85.9%

of thevariance in community composition and axis 2 explained 3.5%. Correlations of species
vectors with site scores can be found in Appendix 1A. AXigHe axis that explains the greatest

amount of variatiofi reflects a major differentiation between the bird community using the Big

Creek NWA and théird community using the Long Point NWA; the Big Creek sites group

together at low axis 1 scores, whifeetLong Point sites group together with high axis 1 scores

(Figures 2.5, 2.6). Species of conservation concern, sué&naican Bittern Common
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Gallinule Least BitternandPiedbilled Grebe as well as marstsers such aSandhill Crane
(Antigone canadengisMarsh WrenandTree Swallow(Tachycineta bicoldr occurred more
frequently within the Big Creek sites (Figure 2.7). Whereas terrestrial species, el as
Sparrow(Spizella pusit), Black-capped Chickadeg@oecile atricapilluy, andEastern Towhee
(Pipilo erythrophthalmus occurred more frequently within the Long Point sites (Figure 2.7).
The MRPR confirmed that tharea sampled in thevo NWAs support distinct bird communities

(total avian communityA = 0.25, p < 0.Q; marsh bird community: A = 0.20, p < 0)01

g +
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Figure 2.5. NMS ordination solution of bird community composition within the Big Creek and
Long Point NWAs. Centroids (+) represent the geometric mean location (e.g., mean axis score of
all Big Creek sites is indicated by teal centroid).
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Figure 2.6. NMS ordination solution of bird community composition within the Big Creek and
Long Point NWAsTreatment occurred at treatment sites in the fall of 2019, after avian surveys
were complete. Hence, 2019 data isIpegbicideapplication, and 2021 data is pdsrbicide
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application at the treatment locations Si t es starting with ABCO are

and sites starting with ALPO are present in
geometric mean location g, mean axis scores of all Treatment 2021 sites are indicated by a
blue centroid).

0.8
Treatment by year
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Figure 2.7. NMS ordination solution of bird community composition within the Big Creek and
Long Point NWAsTreatment occurred at treatment sites in the fall of 2019, after avian surveys
were complete. Hence 2019 data is-pegbicide application, and 2021 data istdwerbicide
application at the treatment locatiosrd species are represented by the American

Ornithologist Union fowletter alpha codes (see Table 2.2 for corresponding species names).
Centroids (+) represent the geometric mean location (e.g., mesascare of all treatment 2021

sites is indicated by a blue centroid). Black vectors represent how correlated the occurrence of a
species is with NMS axis 1 and 2; species with’&hr 0. 05 were consi dered
correlated. Vectors were scaled to 5t on the plot.

Due to the overwhelming influence of ARU location on avian community composition,
we investigated the Big Creek NWA ARUs in isolation, to determinether an effect of
treatment might be observed without the masking effect of the difference between Big Creek and
the Long Point NWAs. Thavo two-factorperMANOVAs carried out on Big Creek NWA
ARUs alone did reveal a statistically significant inte@ttiermfor both total avian composition
and marskuser composition (Table 2.5)he interaction tersexplained 44.1% of the variation
in total aviancommunity compositiorand25.2% of the variation in maralser community
composition This represents #@proportion of the variation in community composition that can

be explained byhe interaction ofear and treatment type
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Table2.5. Two-factor perMANOVA results comparing total birds and maniskr community
composition among year (2019, 2021), treatment (control or herbiliey treatment) and

their interaction within all ARU sites (Big Creek and Long Point NWA) and within Big Creek

sites alone.
Big Creek & Long Point NWA Big Creek NWA
Totalavian Marshuser Total avian Marshuser
community community community community
F df p F df p F df p F i p
Treatment 056 1,8 0.70(0.96 1,8 0.45(2.30 14 0.02]2.36 1,4 0.05
Year 097 1,8 043|151 1,8 0.22|255 14 0.01|3.26 1,4 0.02
Treatmentx | 0.52 1,8 0.710.21 1,8 091|257 14 0.01|3.24 14 0.02
Year

Graphs of each p e coccarerice in control and treatment sites can be found in
Appendix 1B Given the limited number of ARBites it is inadvisable to place too much weight
on the inferences regarding individual species. However, there are some trends that might inform
future monitoring. As evidenced in Tablé2Zmedium andargerbodied marstuser species like
the Great Blue HeroifArdea herodias Mallard (Anas platyrhynchgsSandhill Crangand
Killdeer (Charadrius vociferug as well as species of conservation concern such &othenon
GallinuleandAmerican Bittern occurred frequently iherbicidetreatedsites. TheGreat Blue
Heronwas not present in the Long Point NWA until atierbicidetreatmenbccurred and the
Mallard was present in twherbicidetreated sites within Big Creek NWA that it was absent
from prior to treatment. Other smdbdied marstusers such abree SwallowBarn Swallow
(Hirundo rusticg, Eastern Kingbird Tyrannus tyrannygs andYellow Warbler(Setophaga
petechid were observed frequently withirerbicidetreatedsites (Table.6).

In contrasttwo largebodied marstusers may be avoiding recenkigrbicidetreated
sites, includinghefederallyandprovincially Threatened.east BitterrandCanada Goose
(Branta canadens)s TheLeast Bitterrmaybe avoidingecently treatedreasas it was absent

from two sites it was present in prior to treatmemhile theCanada Gooseccurred in pre

40



treatedP. australisand control sites, but not postherbicidetreatedsites (Table 2.6)Other
marshusersthat occurred less frequentlyriecentlytreatedsitesand more frequently iR.
australissites (both control and pteeatmentjncluded two smaibodied species, tHewamp
Sparrow(Melospiza georgianeandWillow Flycatcher(Empidonax trailli). Several normarsh
affiliated species that occurred lesftenin herbicidetreated sites tended to bmallbodied
species, such aSedar WaxwingBombyecilla cedrorury) Gray Catbird Qumetella carolinensjs
Blue-gray GnatcatcherRolioptila caeruled andNorthern Cardina{Cardinalis cardinalig
(Table 26).

Several species did not seem to be impacted by the presence or renfovalistfalis.
Redwinged Blackbirgd Purple Martin Mourning Dove andCommon Yellowthroatvere present
in either every or almost every site across the two study years (T@&pl®®er species rarely
occurred over the two study years, sucNiaginia Rail, which is a species of conservation
concern, and marsinsers such alack-crownedNight Heron (Nycticorax nycticoraxandBlue-
wingedTeal Spatula discors(Table 26).

Table2.6. Occurrence of species in control and treatment sites in 2019 and 2021. Species
designateh s A oft end o0Dbs e rtreated sitesnver@ eleht intatleadi wa dutcdfe

the three sites, and species that were design
treated sites were presentGh of the sitesMean occurrence of birds 2019 control, 2019 pre

treatment, and 2021 control sites is presented (MBdor ease of comparison with 2021
herbicidetreated sites (two years pdastatmentN = 3 for all fourcategories)Birds are

ordered from greatest to fewest occurrencé&ORil treated sites. Marslser species are
indicated with a filled dot (A), species of ¢
and species at risk are indicat ettktatmenttah an ope
avian surveys tooglace in the spring prior to herbicide application in the fall.

Common Name C2019 T2019 C2021 Mean-U T2021 Occurrence
American Goldfinch 3 1 2 2.00 3 Often
Common Gr ack 1 2 1 1.33 3 Often
Common Yellowthroak 3 3 2 2.67 3 Often
EasterrKingbirdA 0 2 1 1.00 3 Often
Great Blue HeroA 2 2 1 1.67 3 Often
MallardA 0 1 3 1.33 3 Often
Mourning Dove 3 3 3 3.00 3 Often
Purple Martii 3 3 3 3.00 3 Often
Redwinged Blackbird 3 3 3 3.00 3 Often
American Bitterd * 1 2 2 1.67 2 Often
American Robin 3 3 3 3.00 2 Often
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Common Name

C2019 T2019 C2021 Mean-U T2021 Occurrence

Barn SwallovA A
Chipping Sparrow
Common Gallinuld *
House Wren

KilldeerA

Marsh Wrei

Sandhill Crand

Song Sparrow
Tree Swallovh

Yellow WarbleA
American Crow
Baltimore Oriole

Bank SwallovA A
Black-capped Chickadee
Blue Jay

Brown Thrasher
Eastern Towhee
Eastern Woogeweé
Field Sparrow
Greatcrested Flycatcher
Indigo Bunting

Northern Cardinal
Piedbilled Grebd\ *
Warbling Vireo

Wood Ducld
Yellow-billed Cuckoo
Belted Kingf

Blackc r owned Ni
Blue-gray Gnatcatcher
Bluewi nged Tea
Brown Creeper
Brownrheaded Co
Canada Goose
Carolina Wren

Cedar Waxwing
Chestnutsided Warbler

Common LoonA
Common TernA
European St a
Gray Catbird

Herring Gull
Least Bitterd * A

Mut e SwanA
Northern Flicker
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2.67
1.33
2.00
1.33
1.33
2.33
2.33
2.00
2.67
2.00
1.67
0.67
1.33
1.00
1.33
0.67
1.00
0.00
1.00
0.33
0.00
1.67
1.67
0.33
1.00
0.33

0.67

0.67
0.67
0.67
0.33
0.33
2.00
0.33
1.33
0.67
0.33
0.67
0.33
1.00
0.33
1.67
0.33
0.33
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Often
Often
Often
Often
Often
Often
Often
Often
Often
Often
Infrequent
Infrequent
Infrequent
Infrequent
Infrequent
Infrequent
Infrequent
Infrequent
Infrequent
Infrequent
Infrequent
Infrequent
Infrequent
Infrequent
Infrequent
Infrequent
Infrequent

Infrequent
Infrequent
Infrequent
Infrequent
Infrequent
Infrequent
Infrequent
Infrequent
Infrequent
Infrequent
Infrequent
Infrequent
Infrequent
Infrequent
Infrequent
Infrequent
Infrequent



Common Name C2019 T2019 C2021 Mean-U T2021 Occurrence

Northernrough Winged 0 0 1 0.33 0 Infrequent
Swal | owA

Orchard Oriole 0 0 1 0.33 0 Infrequent
Swamp Sparrof 2 3 1 2.00 0 Infrequent
Virginia RailA * 0 0 1 0.33 0 Infrequent
Willow Flyca 1 0 0 0.33 0 Infrequent

2.3.2 2021 spaetor-time substitutiorexperiment

2.3.2a ARU site characteristics

Graphs of vegetation contact profiles can be found in Appet@liDifferences in
vegetation structure and composition within control, refereamaherbicidetreatedsites are
evident. Control sites were primarily dominatedfaustralisand standing dead litter
(Appendix1C-Figure5.1). The tallest height class across the three vegetation types was found in
control sites, withP. australisreaching the height class of 38@9 cm. One control site, BE1,
appeared to have more emergentetation and floating vegetation thBnaustralisor standing
dead litter. Howevetthesesurveys were natll-encompassingf the habitat an ARU would
survey,becausehevegetation was only characterized on the left and rigah&RU. Reference
sites vere the most diverse, as each ofalghtdefined vegetation classes were found in at least
one reference site. Cattail marsh sites were dominated by robust emergent vegetation and
standing dead litter, meadow marsh sites were dominated by Aaawad emergent, broad
leaved emergenand floathg vegetation, and hermarsh sites tended to have less vegetation,
but typically had emergent vegetation and standing dead litter (AppE@dhigures 5.2, 5.3.
Vegetation contact heights within reference sites tended to be most numerous be?@@amO
and contacts reached a maximum height of 259Qme: and tweyearpostherbicidetreatment
sites had little vegetation present (AppentB¢Figure5.4). Floating vegetation and standing
dead litter were the most frequenthund vegetation classes. Contact heights were typically

below 100 cm, and they reached a maximum height class €2Z80m.

Control, referenceandherbicidetreatedsites had average water depth$4.2+ 18.7
cm(mean + standard deviatiorl.3+ 37.3cm, and 35.4t 14.6cm, respectively. Reference
sites were deeper due to the inclusion of Reraish habitat, which is a mix of cattail and open

water, often which was greater than 70iordepth Average water depths in cattail, meadow
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marsh and hemimarshreference sitegere 35.3t 8.0cm, 30.4+ 13.0cm,and 112.%# 25.9cm,

respectively.

We also visualized trends in ARU site characteristics by carrying out an NMS ordination,
which confirmedpatterns observed in Appendi€. Floating and robust emergent contacts, as
well as deeper water, were more associated with reference sites (F&yDe Rhragmites

australis standing dead litter, broddaf emergent, ground coveand shrub contacts were more

associated with control sitaderbicide-treatedsites lacked vegetation (Figure3-D).

2.3.2b Avian species richness

A total of % avian specieqlus an additionahireeunknown species, were identified in

2021 across the 20 ARUs (Tabl&)2 A total of 26 marsiuserssix species of conservation

concernandfive species atisk were observed (Table®). Fifty-two species were identified in

control sites, 44 in refereacand 42 inherbicidetreated(Table 28).

Table2.7. Avian species identifiedfter transcribing twenty 4Binute recordings on one day in

June 2021 across reference, controlgustralig and treated (lor 2-year postherbiciderolling)

sites in the Big Creek and Long Point NWAs. Mausier species are indicated with a filled do
of

(A), species
indicated with an open dot (°).

conservati on

concern

ar e

Common Name

Scientific Name

4-L etter Alpha Code

American Bitteri *
American Crow

American Goldfinch
American Robin

Baltimore Oriole

Bank SwallovA A

Barn Swallowd A

Belted Kingfisher
Black-billed Cuckoo
Black-capped Chickadee
Bl ack TernAA
Blue-gray Gnatcatcher
Blue Jay

Brown Thrasher
Canada GoosedA
Carolina Wren

Botaurus lentiginosus
Corvusbrachyrhynchos
Spinus tristis

Turdus migratorius
Icterus galbula

Riparia riparia

Hirundo rustica
Megaceryle alcyon
Coccyzus erythropthalmut
Poecile atricapillus
Chlidonias niger
Polioptila caerulea
Cyanocitta cristata
Toxostoma rufum

Branta canadensis
Thryothorus ludovicianus
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AMCR
AMGO
AMRO
BAOR
BANS
BARS
BEKI
BBCU
BCCH
BLTE
BGGN
BLJA
BRTH
CAGO
CAWR
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Common Name

Scientific Name

4-L etter Alpha Code

Cedar Waxwing
Chipping Sparrow
Common Gallinuld *
Common
Common Nighthawk®
Common Raven
Common Yellowthrogk
Eastern Kingbird
Eastern Towhee
Easternood-peweé
Field Sparrow
Forsteros
Gray Catbird

Great Blue Herod
Great Crested Flycatcher
House Wren

Indigo Bunting

KilldeerA

Least Bitterd * A
MallardA

Marsh Wre

Mourning Dove

Northern Cardinal
Northern Flicker

Northern Roughwi nged

Orchard Oriole
Piedbilled Grebd *
Purple Martii
Redbellied Woodpecker
Redwinged Blackbird
Sandhill Cran

Song
Sordh *
Swamp Sparrof
Tree Swallovh

Unknown Species 1 (#22)
Unknown Species 2 (#24)
Unknowns Species 3 (#26)

Virginia RailA *

SparrowA

Grackl eA

TernA

S\

Bombycilla cedrorum
Spizella passerina
Gallinula galeata
Quiscalus quiscula
Chordeiles minor
Corvus corax
Geothlypis trichas
Tyrannus tyrannus
Pipilo erythrophthalmus
Contopus virens
Spizella pusilla
Sterna forsteri
Dumetella carolinensis
Ardea herodias
Myiarchus crinitus
Troglodytes aedon
Passerina cyanea
Charadrius vociferus
Ixobrychus exilis
Anas platyrhynchos
Cistothorus palustris
Zenaida macroura
Cardinalis cardinalis
Colaptes auratus

Stelgidopteryx serripennis

Icterus spurius
Podilymbus podiceps
Progne subis
Melanerpes carolinus
Agelaius phoeniceus
Antigone canadensis
Melospiza melodia
Porzana carolina
Melospiza georgiana
Tachycineta bicolor

Ralluslimicola
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CEDW
CHSP
COGA
COGR
CONI
CORA
COYE
EAKI
EATO
EAWP
FISP
FOTE
GRCA
GBHE
GCFL
HOWR
INBU
KILL
LEBI
MALL
MAWR
MODO
NOCA
NOFL
NRWS
OROR
PBGR
PUMA
RBWO
RWBL
SACR
SOSP
SORA
SWSP
TRES
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Common Name

Scientific Name

4-L etter Alpha Code

Warbling Vireo

Wood Ducld

Yellow Warble&
Yellow-billed Cuckoo

Vireo gilvus
Aix sponsa
Setophaga petechia

Coccyzus americanus

WAVI
WODU
YEWA
YBCU

There was no statistically significant effect of vegetation type on the richness of total

species, marshsers, species of conservation concergpecies atisk (p > 0.1, Table 3).

Control sites had the greatest total species richness (T8pl€@ntrol and reference sites had

the same number of marsisers, species of conservation concanuspecies atisk. Herbicide

treatedsites had marginally (but not statistically significantly) lower richness of total species,

marshusersand species afonservation concern, but had the same numbgreaies atisk as

control and reference sites (Tabl®)2lmportantly, the number of ARUs differed by vegetation

type due to the firmware errors, and consequdrgtpicidetreatedsites were not sampleg a

intensively as the reference and control siféss, coupled with the already limited statistical

power, lkely contributed to these minor and msignificant differences.

Table2.8. Onefactor ANOVA resultscomparing avian species richness among reference (cattail

marsh, hemi marsh, meadow marsh), treatedn(2-year postherbiciderolling), and control .
australig sites in 2021

F df p
Total species richness 1.16 2,17 0.33
Marshuser richness 0.68 2,17 0.52
Species atisk richness 1.11 2,17 0.35
Species of conservation concern richnes 0.50 2,17 0.62

Table 29. Cumulativeand mearavian species richnessreference (N = 8), control (N = 7), and
herbicidetreated (N = 5) sites in 2021 across the Big Creek and Long Point NW&< C C 0

represents species of conservation concern
Control Reference Treatment
Cumulative M £ SD Cumulative  pxSD Cumulative M+ SD
Total 52 21.8+2.8 44 195+ 4.1 42 22.3+1.2
Marshusers 26 14.7+ 2.8 26 14.3+ 2.5 22 12.8+ 3.5
SOCC 6 2.7+2.1 6 3+1.8 4 2+1.2
SAR 5 21+1.3 5 1.4+ 0.7 5 2.0+ 1.0
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2.3.2c Avian community composition

To visualize the trends in avian community composition among the three vegetation
types, we carried out NMS ordination on the avian occurrence dataset. The NMS ordination of
avian community composition had two dimensi¢p = 0.02), with a final instability of <
0.00001 and a final stress value of 12.13 after 54 iterations. Axis 1 explained a total of 71% of
the variance in community composition and axis 2 explained a total of 17%. Correlations of
species occurrences aedvironmental variables with site scores can be found in Appé&idix
andl1E, respectively. The species and environmental variables with reasonably strong
correlations #> 0.2 for species and » 0.05 for environmental variables) are depicted in Figure
2.8 as vectors (panels C and D, respectively).

Community composition within control and reference sites overlap considerably (Figure
2.8-A). Thel- or 2-year postherbicidetreated sites form mested subset within the ordination
space encompassed by control and reference sites, indicating that they support lower beta
diversity or dispersion (Figure&A). The MRPR confirmed thaboth total aviarcommunity
compositionand marskuser compositiowlid not differ between the three vegetation tyges (
0.34;Table 210), however, there are some trends that might inform future monitoring. Graphs of
the occurrence of each species in control, referamctherbicidetreatedsites can be found in
Appendix1F.

Figure 2.8. NMS ordination solution of bird community composition in Big Creek and Long
Point NWAs. A and B depict variation in community composition among vegetation type and

ARUIl ocation, respectively. A depicts each of t
(AHMO, AMMO an dnaShCriveadoa magsh and caftail marsh, respectively).

Centroids (+) represent the geometric mean of each group. C depicts speciescedurre

relation to ordination axes as vectors for specieswA€@er0 . 20 on at | east one

vectors were scaled to 100%. Bird species are represented by American Ornithologist Union
four-letter alpha codes (see Table 2.7 for common names)ibtsi¢he relationships between
environmental variables and ordination axes for variables®w@hr0 . 05 on at | east
Environmental variables included the number of contact points of different vegetation classes
measured with the horizontal contacofiling as well as water depth at the location the ARU

was deployed. These environmental vectors were scaled to 200%.
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Table2.10. MRPP results comparing total bird community composition and massh
community composition in 2021 contrdt.(australig, reference (cattail marsh, hemarsh, and
meadow marsh), arfterbicidetreated sites (lor 2-year postreatment).

Total Avian Community Marsh-user Community
A p A p
All vegetation types -0.01 0.59 0.01 0.35
Control vs Reference -0.01 0.63 -0.01 0.55
Control vs Treated -0.02 0.71 <0.01 0.41
Reference vs Treated 0.01 0.27 0.03 0.16

As seen in Table 21, species that were most frequently found-ior 2-year post

herbicidetreated sites tended to be mausers. Both smalbodied marstusers, such apecies

atrisk Barn SwallowandBank Swallow and largebodiedmarshusers such as théallard and

Great Blue Heronandmarsh birdspecies of conservation concern including@oenmon

Gallinule, American BitternandLeast Bitternwere found irherbicidetreated sites. Species that

occurred infrequently or not at afl herbicidetreated sites tended to be snialdiedspecies.

Out of 36 species that occurredd? of thefive herbicidetreated sitesjine species were larger

bodied birds, including those that are of conservation concer8gitgeVirginia Rail, andPied

billed Grebe T h e

r e mai n2herlgcidetrpaged sites sveré smddbdied species such
as theCedar WaxwingandGray Catbird (Table 2L1).

Species that were most frequently found in reference sites were a mix ehtakgmall

bodied birds, a majority of which were mansters (Table 21; Figure 28-C). Several species

of conservation concern were frequently found within reference sites. Some species were absent

from reference sites, suchRBigld SparrowBrown Thrasher Toxostoma rufuippandEastern

Towhee

Community composition withi®. australissites tended to be comprised of sniaitied

species such adouse Wrer(Troglodytes aedgrandNorthern Cardina{Cardinalis cardinalig

(Figure 28-C). However, almost all birds observiedthis study were found iR. australissites

at least once. Only seven species were not fouRd australis

whi ch

ncleund e d

(Sterna forstediandCommonNighthawk Chordeiles mingrTable 211). All six species of
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conservation concerrbeerved in this study were observedPiraustralissites at least once, and

some were observed frequently, such ad dast Bittern

Several species were found frequently in control, referamztherbicidetreatedsites,

such as th@urple Martin Redwinged Blackbird Common YellowthrogtandMourning Dove

(Table 211).

Table2.11. Fifty-six avian species detected across treated (herbailileg; N = 5), reference

(N = 8) and control sites (N = 7) in 2021, with differing degrees of occurrence by vegetation

type. Species are ordered from greatest to fewest occurrences in hereaidd sites. Marsh

user species

ar e

ndi

cated with

an asterisk (*) and species at risk are indicated with an open dot (°).

a filled

Common Name

Occurrences in
Treated Sites

Occurrences in
Reference Sites

Occurrences in
Control Sites

Purple Martii
Redwinged Blackbird
Common Yellowthroak
Mourning Dove

MallardA

Sandhill Cran8

Tree Swallovh

Marsh Wrei

Common Gallinuld *
Common Gr ack
American Robin

Eastern Kingbird

Great Blue Herod

Yellow WarbleA

Barn Swallowd A

Wood Ducld

American Bitterd *
Northern Cardinal
KilldeerA

American Goldfinch
Least Bitterd * A
Swamp Sparrof
Warbling Vireo

House Wren

Chipping Sparrow
Song Sparrov
Bank SwallovA A
Canada Goosce
Piedbilled Grebd
Black-capped Chickadee

PEFRPEPNNNNNNNNOOOWWWRARRARDMMPAEAAMDMDMDMOOIOIOTIOTO
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Common Name

Occurrences in
Treated Sites

Occurrences in
Reference Sites

Occurrences in
Control Sites

American Crow

Blue Jay

Baltimore Oriole
Common Nighthawk®
Eastern Woogeweé
Greatcrested Flycatcher
Yellow-billed Cuckoo
Brown Thrasher
Common Raven
Eastern Towhee

Field Sparrow

Indigo Bunting

Northern Flicker
Orchard Oriole
Redbellied Woodpecker
Sord\ *

Virginia RailA *
Black-billed Cuckoo
Bel ted
Blue-gray Gnatcatcher
Bl ack
Cedar Waxwing
Forsterds
Gray Catbird

Carolina Wren
Northern Rougfwinged
Swal | owA

Ki ngf
TernAi

Te

cNoloNoNeololololNololNolNoNoeNall il il il ol

OCORFRFPFPFPFPFPEFPDNNMNNNWOOOOOREFERERPEPEDNDN

PRPPRPORFRPRPFPOOCOWEFRFEFEPNOFRPRFPORPRNEFPWOMNWLER

Looking at bird community composition within each management unit that the ARUs

wer e

depl oyed

i n

(Big

C raadeThoroughfare),ghe RMSh d

ordination reflects a differentiation between the bird communities using each management unit,

as eachunit groups together (Figure@B). Marshusers such a&merican BitternCommon

Gallinule andGreat Blue Heromccurred most frequently in sites at Big Creek, whereas

terrestrial species such Esrthern CardinalBlue Jay(Cyanocitta cristat® andBlack-capped

Chi ckadee

occurred

mo s t

frequebF) Thg MRPR

confirmed thaelmost allof thefour management units within the two NWAs support distinct

bird communitiesL o n g

Pond

marshuser communitiegTable 2.12)

and

51

Squirebs

Ri d gessinfiléro t h

sites

Squir

at

n



Table2.12. MRPP results comparing total avian community composition and rogesh

community composition in three out of the four management units ARUs were placed in across
the Big Creek and Long Point NWAs in 2021. Tifeoroughfare sularea was excluded due to
having only one ARU site (i.e., no replication).

Total Avian Community Marsh-user Community

A p A p
NWA location 0.22 <0.01 0.24 <0.01
Big Creek vs Long Pond 0.20 <0.01 0.20 0.02
Big Creek vs 0.16 <0.01 0.17 <0.01
Long Pond vs 0.17 0.01 0.12 0.11

2.3.2d Functional trait composition

To visualize the trends in functional trait composition among the three vegetation types,
we carried out NMS ordination on the speadxesurrence weighted functional trait dataset. The
optimal NMS ordination of functional trait composition had two dimemsi@ = 0.02), with a
final instability of < 0.00001 and a final stress value of 8.04 after 58 iterations. Axis 1 explained
a total of 91.2% ofhevariance in functional trait composition and axis 2 explained a total of
4.8%. Correlations of functional trait and environmental variable vectors with site scores can be

found in AppendixXlG and1H, respectively.

Functional trait composition within cowlr referenceandherbicidetreatedsites do
show considerable overlap (Figur®-2). The MRPP confirmed that trait composition did not
differ among the three vegetation types (p = 0.45; Tal®.ZThat said, we did observe some
trends in avian traitidtributions among the three vegetation types that warrant continued
surveillance. Birds that had the following traits were most associated with reference sites: 1)
forage by stalking, dabbling, surface diving or probing, 2) consume fish, aquatic inaexselor
plants and 3) have floating nests or ground nests (Figh€)2Birds that had the following
traits were most associated with control sites: 1) forage by foliage gleaning, ground foraging or
flycatching, 2) consume insects, and 3) nest in tikesips or cavities. Birds that consume seeds

and nest by burrowing were associated Withbicidetreatedsites (Figure 2-C).
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Figure 2.9. NMS ordination solution of functional trait composition in Big Creek and Li®oigt

NWAs. A and B depict differences in functional trait composition among vegetation types and
management wunits, respectively. A depicts eac
(AHMO, AMMO an dnaShCriveadowa magsh and caitadrsh, respectively).

Centroids (+) represent the geometric mean of each group. C depicts the relationship between the
speciesoccurrence weighted frequencies of different functional traits where the traits were
reasonablefil© 0. 20) c o r gast bna dxis. Wectars arenscased to $50%. D depicts the
correlation between environmental covariates and ordination axes, where such correlations were
reasonably strongZ® 0. 05) .
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Table2.13. MRPP results comparing avian functional trait composition in reference (cattail
marsh, hemimarsh, meadow marsh), contr8l. @ustralig, and t or 2-year postherbicide
herbicidetreated sites in 2021.

A p
All three vegetation types <-0.01 0.45
Control vs Reference -0.01 0.57
Control vsTreated <0.00 0.39
Reference v3reated 0.01 0.27

As evidenced in Table 24, many functional traits occurred evenly acrbssbicide

treatedreferenceand control sites.

Table2.14. Occurrence of bird functional traits (diet, foraging technique, and nesting
preferences) across herbicitteated (N = 5), reference (N = 8) and control sites (N = 7) in 2021.

Treated Reference Control
Diet
Insect 24 29 30
Omnivore 7 4 6
Seed 6 6 7
Fish 3 5 3
Aquatic invertebrates 1 1 1
Plant 1 1 1
Fruit 0 1 1
Foraging technique
Ground forage 15 17 19
Foliage gleaner 8 10 10
Aerial forage 5 5 6
Flycatching 3 3 3
Stalking 3 3 3
Dabbler 3 3 3
Probe 2 3 3
Aerial dive 1 2 0
Surface dive 1 1 1
Bark forage 0 1 1
Nesting preferences
Tree 11 14 12
Shrub 10 10 10
Ground 10 9 10
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Treated Reference Control

Cavity 6 8 9
Floating 2 5 4
Burrow 1 1 2
Cliff 1 0 0
Build 1 1 1

Looking at functional trait composition within each ARU management unit, the NMS
ordination reflects a differentiation between trait composition in each area. The MRPP confirmed
that the four management units within the two NWAs havedordmunities with distinct
functional traits (p < 0.01; Table1%).

Table2.15. MRPP results comparing functional trait composition in three out of the four
management units that the ARUs were deployed in across ti@ &y and Long Point NWAs

in 2021. The Thoroughfare management unit was excluded due to having only one ARU site
(i.e., no replication).

A p
All three management units 0.22 <0.01
Big Creek vs Long Pond 0.19 <0.01
Big Creek vs 0.18 <0.01
Long Pond vs 0.11 0.03

2.4 Discussion

The coastal wetlands in Long Point, Ontario are designated as a Globally Important Bird
Area, Ramsar Wetland of International Significaraoel a World Biosphere Reserve.
Provincially, they ar e de sspegiesatislecdnsavatiorOnt ar i o0
(MacLeod, 2019)Yet, P. australisinvasion is homogenizing these once diverse coastal wetlands
and reducing the habitat qualftyr manymarsh breeding birdRRobichaud & Rooney, 2022)
Recent efforts by CW®N to manag®. australisand promote the recovery of native flora and
fauna in Long Point involved a glyphosditased herbicide application followed by mechanical
flattening or mowing of remaining litter via a Marsh Ma8terThis management action was
motivated by the goal of species at risk recoverytloere is concern thatbitat alteratiomay

impactbirds directly at least in the short term
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We investigatd the shorterm effects oP. australismanagementn the avian
community in Long Point (i.e.,-2 years posherbiciderolling treatment)\We assessed the
effects ofP. australiscontrol on avian species richness and community composition by using a
spatally replicated BeforeAfter-Controtimpact design, and we compared avian species
richness, community composition, and functional trait composition among herlotlidg
treatedsites, uninvaded reference sifeattail marsh, meadow marsh, hemarsh) and
untreated control site® ( australisdominatedlusing a spacéor-time substitution design.

Briefly, we observed minimal impacts on avian species richness folloRigistralis
managemenilotal avian richnessxhibited a marginally significant decliaer treatment in
the BACI experimenfp = 0.09) but marskuser richness did not, likely indicating that ron
marshaffiliated birds areusingP. australishabitat over théerbicidetreated habitat, d¢ast in
the short termln terms of community composition, ARU location hasudstantialinfluence on
this diversity metricWhen we restricted tH@ACI analysis to a subset of st@ Big Creek, we
found thatcommunity composition differed among contand 2year postherbicidetreated
sites.Birds displaced by. australistreatment tended to be smhthdied, normarsh affiliated
specieghat use terrestrial habitats or are habitat generalists. Changes irusarsiomposition
posttreatment came from the displacement of a few laapied and smalbodied species and
the gain of a few largbodied specied he spacdor-time substitution did not detect a change in
communitycomposition bubbserved similar trends as the BACpeximent regarding large
bodied marstusers beginning to use the recently treated habit&rms of functional trait
composition, there was no difference among control, reference, and hetleeits sites,
indicatingthathabitats where the herbicidelling treatment occurred are less heterogeneous,
offering reduced niche space or more limited resource diversity compared to the reference and
control locationsOverall,minorimpacts were observed omarsh birdsl-2 years following

herbiciderolling management d?. australis

2.4.1 Avian species richness

Species richness can be an insensitive metric for deternghargges in avian
communities in wetlands (Robichaud & Rooney, 2017). For exarfpbystralisinvaded
habitat has been shown to support similar total species richness as noninvaded habitat (Gagnon
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Lupien et al., 2015; Whyte et al., 2015; Robichaud & Ryp2017), although the different
habitats can support different species (Robichaud & Rooney, 2017). Species préferring
australisdisplace those intolerant Bf australisinvasions, resulting in community turnover

without systematic alteration of sitevel richness (Robichaud & Rooney, 2017).

We therefore anticipated that total species richness would not differ among invaded
control siteslP. australig, reference sites (uninvaded habitat), aiedtedsites (tor 2-years
postmanagementbecause species preferring the shallow epaterhabitat remaining after
treatment may replace those requiring tall and dense vegetation proviBedustralis In
contrast, we anticipated that the richness of masgnsandspecies of conservation amern
(i.e., those found to be most impactedmyaustralisinvasion), such as waterfowl and wading
birds like herons and bitterns, would be similahérbicidet r eat ed and uni nvaded
sites but greater t han birds mayrdavoattesrntreaSecioopenr ol 0 s
water and hermmarsh habitats in the years immediately followmngnagemenSpecies atisk
observed in Long Point coastal marsh @ienarily aerial insectivores likBarn Swallowand
Bank Swallow or bitterns likeleast Bitternand consequently, we expected that the richness of
species atisk might also be lower iR. australishabitat. Though we recognize that the ultimate
effects ofP. australismanagemenwill take several years to materialings anticipated that

avian diversity could respond quickly to newly created epate habitat.

In the 20192021 BACI experiment, the herbicidelling application tdP. australishad
no significant statisticagffect on total avian species richnesseqeected But contrary to
expectations, we also found no difference in the richness of rnaesh, species of conservation
concern, ospecies atisk between control angeatmensites Crucially, the interaction between
treatment and year in predicting the four biodiversity response variables (total avian species
richness, the richness of mangbers, species of conservation concern,spedies atisk) was
never statistically signifiant. In a spatially replicated BACI monitoring design, it is this
interaction term that reveals whether the management action caused a change in the avian
community to occuvs whether preexisting differences between control and treatment locations
suchastemporal trends affecting both locations might be responsible for observed patterns in the
avian community{Gotelli & Ellison, 2004)
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Total avian richness was higher, on average, in contropertsleatmensitesin the
baseline year, 2019 thandortrol and postreatmensites in2021. Although efforts were made
by CWSON in 2019 to pair control and treatment locations based on the vegetation and water
depth (Graham Howell, CWON biologist, pers. comm. January2202), technicians did not
have preexisting data on the avian community at these candidate sites. This emphasizes the
importance of using a BACI design in monit@igsensuJnderwood, 1992)n situations
lacking pilot dataiftheé b ef or e 6 r e s p oaresoestatistically eqbivalent, mea | u e s
existing differences between control and treatment sites can be accounted for and an effect of
treatment can still be distinguished from-meatment differences in site characteverall,
avian species richness decline both treatment and control sites between 2019 and 2021,
possiblydue to changes in annual climate and water levels on Lake Erie. For example, mean
water levels in Lake Erie were 43 cm lower in June 2021 than in June 2019 {GRERL,
2022), though thenean water depths in 2021harbicidetreatedARU sites (35.7 cm, std = 17.2
cm) were not different from mean water level2@21control sites (42.7 cm, std = 20.4 cm) (N
=N2=3, U =107.5, p =0.85).

Because of the technical difficulties with tARUs that resulted in a small sample size
(three replicates each of control and treatment), our power to detect a significant interaction term
is limited. If we adopt a weighaf-evidence approach, given the small sample size and relatively
low p-valuefor total species richne$6.09), these results do warrant continued monitoring of
total avian species richness afferaustralismanagement in Long Point. However, the lack of
evidence supporting either main effects or an interaction effect in our analyses of the richness of
marshusers, species of conservation concern,spedies atisk suggests that even a larger
sample size wald not reveal an immediate effect of herbieirdding treatment on these
response variable&iven thatmarshuserrichness was not impacted by treatment over,thmé
there was a marginal decline in total species richnieissnay have been facilitatéy a decline
in nonrmarsh affiliated bird$ollowing treatmentUntreatedP. australisprovides habitat for

more noAmarsh species compared to tredea@ustralis at least in the short term.

In the 2021 spaeor-time substitutionyegetation type (control, referend¢erbicide
treated had no detectable effect on total avian richness or the richness ofusarshspecies of

conservation concern, gpecies atisk. However, all richness variables, excgpcies atisk,
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were margnally, but consistently, lower iherbicidetreated sites. It is possible that species
richness was marginally lower in treated habitat because it had a smaller sample size than the
other two vegetation types; five sites in comparison to eight referadcgeaen control.

Although ARUs on average recorded a similar number of species pdresidecidetreated = 22

[std = 1.2, control = 21.7std = 2.8], reference = 19.[std = 4.1]), the number of total species
recorded was higher at control sites (52), than at reference (44genididetreated(42) sites,

ascontrol sites captured more unigue species.

As stated previously, our study focused on the immediate effeBtsanfstrdis
management on avian diversayring the dawn chorus determine whether these management
actions might cause harm to birds. The ultimate effed&s atistralismanagement on avian
communities are expected to be posiiiiadeed, invasive plant management is predicated on
the goal ofspecies atisk recovery (MacLeod2019. Yet, these ultimate effects will not be
evident immediately; continuddng-termmonitoring is necessary to track changes in avian
species richness followirng. australismanagement to determine how mausiers and species
of conservation respond to an increase in potentially favourable habitat. Overabserved
minimal effects oP. austalis control on aviamichness aswe did not observe statistically
significantchange in the richness of total avian species, masshs, species of conservation
concern, ospecies atisk in the 20192021 BACI experiment, or the 2021 spdoetime
substitution designNe didobserve a marginaecline in total species richnessosttreated
sitesin the BAClexperiment bugiven thatwe did not observe a decline in the richness of
marshuses, P. australisis likely providing habitat for more nemarsh affiliated birds
comparedo areas wher®. australiswas transformed into opemater habitat by herbicide

treatment.

2.4.2 Avian community composition and functional traits

Many studies have documented the impacB.@&ustralisinvasion on avian community
composition in wetlands (e.g., Benoit & Askins, 1999; Meyer et al., 2010; Whyte et al., 2015;
Robichaud & Rooney, 2017). Principle changes in avian community drivEendoystralis
invasion that are documented retliterature include displacement of larpedied marshusers,

particularly those that forage by stalking or dabblmmare ground nesters, displacement of
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aerial insectivores, particularly swallows, and an increase in-boaiéd species (both

generdist species and marslsers), particularly foliage gleaners, ground foragerd/orshrub
nesters (Whyte et al., 2015; Robichaud & Rooney, 2017; Tozer & Beck, Fdk@8pmites
australisinvasion fills in operwater pools and replaces hemarsh habitat with dense
monocultures of emergent reeds, reducing access to shallowwapenhabitat that is crucial
foraging grounds for waterfowl and wading birds (Perry & Deller, 1996; Lantz & C26iil).

As suchP. australisinvasion can cause a shift in avian community composition by excluding
largerbodied species such Bdterns,Herons, and waterfowl, but be utilized by smabledied
species that are not dependent on open water or prefdbshvegetation to nest in, such as
Sparrows Warblers, andBlackbirds (Whyte et al., 2015; Robichaud & Rooney, 2017; Tozer &
Beck, 2018). Thus, we expecdichanges in community composition to be evident among the

vegetation types we surveyed, even ifdifferences in avian richnesscurred

In contrast to the many studies on the effeci8.a&ustralisinvasion on avian
communities, relatively few studies have documented how avian communities respond to
australissuppression activities (see Lazaramale 2013 and Tozer & Mackenzie, 2019). These
studies have looked at either the immediate or the leteger response of avian communities to

P. australismanagement. Further, the few studies there are do not agree.

Lazararet al., (2013) looked at the immediate impactB acdustralismanagement on a
marshuser species, thidarsh Wrenin a Lake Erie coastal marsh. They concluded that the
removal ofP. australisand the subsequent delay in vegetation regeneration oneftgear a
treatment reducelllarsh Wrerbreeding habitat. Thiglarsh Wrerrequires adequate vertical
vegetation structure to build nests using vegetation su€kmmspp. orP. australis,andP.
australiscontrol likely removed favourable breeding habitatcontrast,Tozer & Mackenzie
(2019) looked at the occurrence of marsh birdsykars before and3 years afteP. australis
removal in several Lake Erie coastal marshes. They determined that theoncewand
abundance of five marsh birds of conservation concern (inclirhilg andBitterns) increased
in herbicidetreated sites. In contrast to Lazaran et al., (2ah®) studyfound that shruimesters
including theMarsh Wrernoccurred as frequentlyithin sites 15 years afteP. australiswas
removed as they did iR. australisinvaded sites, likely because vegetation had time to recover

and regrow afteP. australistreatment. Our study looked at the skerm response of the avian
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community toP. australiscontrol and we anticipate that the removaPRofaustralisand its
replacement with shallow open water, thus increasing the availability ofrhamsh habitat, will
eventually lead to an increase in the occurrence of Hggied waterfowl anevading birds,
and a decrease in the occurrence of smblbelied species, specifically those that are shrub

nesters, foliage gleaneend ground foragers.

We anticipated that the recently treated habitat would not support novel avian species
with novelfunctional traits, but instead a subset of species and functional traits found in
reference habitatWater birds (i.e., waterfowkerons Bitterns) often use cattail marsh and
hemimarsh for breeding and foraging, and we anticipated that thesenaiudi$ use the open
water habitat remaining afté. australistreatment (Baschuaott al, 2012). From our NMS
ordinations, we determined that beta diversity differed in the 2021-§patime substitution
design. In contrast to what we anticipated, th@manity composition and functional trait
composition irherbicidetreated sites present a nested subset of the bird community and
functional traits present in both reference Bn@ustraliscontrol sites. It is likely that treated
habitat and invaded cawot habitat shared the presence of birds that have a wide distribution
within the marsh, such as habitat generalists likdbetwinged Blackbird Robichaud, 2016).
These results suggest that during the first year or twetpeinent, the habitats whete
herbiciderolling treatment occurred are less heterogeneous, offering reduced niche space or
more limited resource diversity compared to the reference and control locations (MacArthur &
MacArthur, 1961). The horizontal contact profiles substantiagedls one to two years after the
herbiciderolling treatment was applied to ARU locations, the habitat is mainly characterized as
shallow open water (avg. depth 35.4 atd, =14.6 cm) with sparse floating vegetation and
standing dead litter (Appendix 1Gjowever, we anticipate that as the emergent vegetation
recolonizes these treated areas and habitat heterogeneity tied to vegetation strueture is re

established, the avian beta diversity will also return to reference levels.

When further analyzing the somunity composition from our spatially replicated BACI
design and our 2021 spafme-time substitution study, large differences in community
composition associated with geographic location were revealed. The avian community using the

Big Creek unit in théig Creek NWA, which is located at the western base of the Long Point
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peninsula, was especially distinctive from the avian community using the Long Pond and

S q u i Ridgedunits in the Long Point NWA, which is located at the eastern tip of the peninsula.

For example, in the 2021 spafme-time substitution, we observed that the four
management units within the two NWAs support distinct bird communities with distinct
functional traits. This is likely because the vegetation within the Long Point peninaula is
complex mosaic due to the varying topography and moisture regimes, and the dynamic action of
Lake Erie shaping the surrounding landscape (Reznicek & Catling, 1989). The Big Creek unit
within the Big Creek NWA is separated from Lake Erie by a barriecthesnd the habitat
primarily consists of marsh with small areas of upland vegetation (ECCC, 2020a). Thoroughfare
and Squireds Ri dge araadwéabdetved thatThoroughfareist o L ak e
predominately marsh and swamp habitat, wherea
forest and dune habitat. Long Pond is separate from Ea&eand we observed that it is
comprised of wetland swales situated lesw dunes. Since ARUs were placed within interdunal
wetl ands in the Long Point NWA, specifically
more terrestrial species to be recordadChapter Three of this thesis, we determined that SM4
ARUs can deteatertain marshirds 350 m away in wetland vegetati@WSONOG6G s curr ent
ARU deployment protocol is to deploy ARUs withir2am radiusof the target vegetation. At
interdunal sites, a minimum recordiradiusof just 100 m would survey the wetlands between
dunes but also extend to cover the dunes and upland vegetation growing on them (Figure 2.10).
Consequently, it is not surprising that birds lik&stern TowheandField Sparrow(Spizella
pusilla) were more common occurrences, as these species aradllyierrestrial Cornell
Lab of Ornithology 2022). In contrast, the Big Creek NWA is a more homogenous expanse of
marsh, hemimarsh, and opewater habitat, and the same recording radius at these locations
would not have included as much terrestrial habitat, except for two treatment sitesdbagbor
farm field and a treeline (Figure 2.10). Consequently, it is not surprising that-nsnshpecies
including American BitterrandCommon Gallinulevere more frequently observed at the Big
Creek ARU locations.
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Figure 2.10. Examples of ARUs placed within the Long Pond management unit (Long Point
NWA; top row) and in the Big Creek unit (Big Creek NWA, bottom row). Red circles highlight a
100 m radius around each ARU. ARUs in Long Pond were placed in wetlands (green coloured
areas) that tended to be surrounded by dunes (lighter coloured areas), whereas ARUSs in Big
Creek tend to be surrounded by marsh and open water (green and black coloured areas).

These important habitat differences between the two NWAs masked our aliléietd
divergence in avian community composition emerging as a consequence of herbicide application
in ourtwo studies This conclusion was substantiated when we reanalyzed a dataset restricted to
the Big Creek unit of the Big Creek NWA the BACI experinent

When restricting the analysis to this subset of the BACI site datawthhe= 2, Neontrol =
2), we observed a statistically significant interaction between year and treatment in predicting
both total aviarcommunity compositioand marsfusercommunitycompositionin Big Creek
The interaction reveals a significant effect of herbigioléng treatment on the bird community
composition above and beyond any-presting differences between treatment and control sites
or any effect of changing water levels between the two survey years. The less powerful 2021
spacefor-time substitution design diabt reveal a difference total avian community

compositionor marshuser compositiommong control, reference, ahdrbicidetreatedsites, but
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