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ABSTRACT

Spatiotemporal variation in community compositresults fronregional and
local factors. My objective was @ssesshe importance of certain local interactions
(ecological successional mechanisisil regional aspecfsegional taxa poolpn
infaunal diversity patterns in the wupper
with severe disturbance and observeditf@unal communit over ~2 months. | did this
4 times over 2 yeamnd found thastart time did not change tlo@tcomeinfaunal
community composition iexperimentallydisturbedplots became similar to controls
through timel foundsignificant correlabns between infauna angater column
invertebratesandtaxathatsurvived disturbance did not inhiltite arrival of subsequent
taxa.My study demonstratithatecological successional mechanisms were
influential on infaunal community composition in the upper Bay of Fuadg,that
regionalspeciediversity andnvertebratedispersashould be considered when

evaluatingnfaund diversity patterns in the future.
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Introduction

Background on dsturbance and processes leading to ecological recovery

Disturbance can be described as damage, displacement, or mortality caused by
physical agents or incidentally by biotic agents (Berteé¢ss.2001).Disturbance can
have profound effects on ecosysteamd the biotic communities inhabiting them,
affectingcommunity composition and biological diversity (McGuinness 1987).
Disturbance can be measured by a variefyapAmetershat provide spatial and temporal
dimension including spatial distribution, éiquency, time between disturbances, time
needed to disturb a study area, predictability, and magnitude. Disturbance magnitude
includes intensity (physical force), severity (effect on the community), and synergism
(effecton other disturbances) (Pickett anthite 1985). Disturbance can be exogenous
(arise from outside of the ecosystem) or endogenous (arise from within the ecosystem)
and can be caused by either natural or anthropogenic forces (Pickett and White 1985).
After severe disturbances, community tabishment occurs as organisms colonize the
open habitat area as larvae or propagules, juveniles, or adults, and become established
(Palmeret al.1996). Softsediment marine habitats are often considered disturbance
dominated systems whose benthic comities can be largely influenced by their
recovery patterns and rates (Norkko et al. 2010).

Colonizing organisms may be from species with different life histories, using
differentreproductivedispersal strategies, andiadividuals in different life stage Of
relevance for sofsediment marine systems, many species have planktonic larvae that are

passively transported a few centimeters to thousands of kilometers in the water column



by currents. Other species have digtelopment in which the juvenilésperse from
the adults usually only over short distances (Pakhat.1996). Poskettlement dispersal
(movement of juveniles or adults) may also influence the dynamics of soft sediment
communities and can be accoispkd via the water column, from wih or on top of the
sediment, or through dispersal vectors (e.g., Macfagaa&2013). Overall, there is
currently much debate about the relative importance of larval vslgreat (i.e., juvenile
and adults) disgrsal during the recolonization ofanine softsediment communities
(Frisk et al.2014, Pilditchet al.2015).

Individual organisms capable of dispersing to and colonizing local habitat areas
made available by disturbance events are considered memlbersdfr e gi onal spec
pool 0 (dB 2009).A esgianal species pool is defined as the set of species
occurring in the same region that are capable @gsting in a target community
(Cornell and Harrison 2014, Zobel 2016). Regional species poakdves shaped by
speciation, immigation, and extinction over time, and is expected to be higher in
ecologically older areas (more time for immigration and diversification) and in those
where immigration and net diversification rates are high (CorndlHarrison 2014).
Furthermore, regiual diversity can be limited by ecological constraints such as species
interactions, abiotic environmental conditions, dispersal limitation, carrying capacity, and
disturbance (Cornell 2012, Cornell and Harrison 2014).

Opportuni sti c mspetieepocre oftén theirstrcaogizersta 6 s
di sturbed areas; their colonizsaelgeabeddtlyi:
history strategy (MacArthur 1960). Thus, opportunistic species are usually feghhd,

have several annual cohgnsoduce directly developing young, are small in body size,
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and have short lives, but are usually not strong competitors (Grant 1981, Thistle 1981,
Bertnesset al.2001). Opportunistic species may also be tolerantwdrseenvironmental
conditions whickenables them to colonize and proliferate where other species can not
survive (Gray et al. 1990). Some opportunistic species may have planktonic larvae that
can be dispersed across great distances to habitats neanaydagraphic location

(Grassle an@rassle 1974). The sequential immigration of species from a pool of
available community members, termed community assembly, can greatly influence local
species diversity; thus, opportunistic species, which often agitia$ community

members, can be inential on local community composition and species diversity (Post
and Primm 1983, Ambrose 1984, Fukami 2004).

Initial colonizers of disturbed benthic marine areas may alter sediment and based
on this activity can beategorized into two functional grosipsediment destabilizers
(bioturbators) and sediment stabilizers (Bertredsd.2001, Woodiret al.2010). These
sediment modifiers are often referred to as ecosystem bioengineers and can affect organic
content, erodiility, geomorphology, grain size,ater content, porosity, and chemical
properties. These changes in sediment conditions may greatly influence the course of
community succession in benthic marine ecosystems. Bioturbating (sediment
destabilizing) organismshrough their burrowing or feediragtivities, cause sediments
to move, be rsuspended, or be eroded (Bertnetsal.2001, Woodiret al.2010).

Sediment stabilizing organisms, in contrast, bind sediments or slow the flow of water by
creating structurewithin or above the sediment (Begsset al.2001). Sediment altering
activities by resident opportunists soon after disturbance can greatly alter the community

composition of the apex (established) community.
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After immigrating from the regional specipsol, colonizing individuals may
directly or indirectly interact with one another on a local scale. Connell and Slatyer
(1977) defined three mechanisms that describe local interactions between colonizing
species and the net effect of an early successépeaies on a later one (Connelakt
1987). The inhibition mechanism of succession-@rtive competition) involves early
species inhibiting the establishment of later species (Connell and Slatyer 1977, Connell et
al. 1987). Within this model, compttie interactions between species animportant
because the initial colonizers to a site-pnept the course of succession (Egler 1954,
Connell and Slatyer 1977, Wilsd®92). Succession may be inhibited as a result of the
early species monopolizing alable resources prior to the arrivaladditional species.

The facilitation mechanism of succession occurs when initial colonizers facilitate the
arrival of other species by modifying the environment to make it less suitable for
themselves and more suitatfor others (Clements 1916, Corlreehd Slatyer 1977). The
tolerance successional mechanism states thataaiWng species have no effect on

later arrivals, and competitively superior species eventually come to predominate in the
community (Connell ad Slatyer 1977, Connell et al. 198There may be evidence of
multiple mechanisms of species replacement occurring during the same successional
period (Harris et al. 1984, Connell et al. 1987, Houston and Smith 1987, Lawton 1987,
Pickett et al. 1987, Faall 1991, Maggi et al. 2011lt is also possible that none of these
mechanisms functioduring ecological succession, with the benthic community
reflecting the regional species pool, possibly being a result of repeated disturbance events

that limit localspecies interactions (Norkko et 2010).



The total effect that a disturbance has on local community diversity depends on
the characteristics of the disturbance, the regional species pool, and local interactions
between colonizing species (Pickett etl®187). Understanding the relativdluence of
regional and local processes can help explain differences in biological diversity through
space and time (Harrison and Cornell 2008, Belote et al. 2009). To this end, the local
regional richness relationshgan indicate whether local diversis more strongly
influenced by the regional species pool (visualized as a linear relationship between local
and regional species richness) or by local interactions (visualized as a saturating or
decelerating curve beten local and regional species riekg) (Cornell and Lawton
1992, Caley and Schluter 1997, Srivastava 1999, Harrison and Cornell 2008, Belote et al.
2009). For the latter, habitats accumulate taxa at a decelerating rate relative to the
regional species b because of the effect of locaténactions after colonization from
the regional pool. For my thesis, | used knowledgtined in the introductioto guide
interpretation of my resulsndbetter understand forces driving community dynamics in

a softsediment marine ecosystespecificaly the mudflats of the upper Bay of Fundy

Study ecosystem: the mudflats in the upper Bay of Fundy

Intertidal mudflat ecosystems in the upper Bay of Fundy are massive, covering
tens of thousands of hectares thanks to semidiurnal tides that exceed aépiitinde
(Desplanque and Mossman 2004). These mudflat ecosystems are covered by seawater at
high tide and are exposed to air as the water gradually recedes until its lowest point at
low tide. A microphytobenthic biofilm (composed mainly of diatoms bsa al

euglenophytes and cyanobacteria; Traeal.2005, Kalu 2020) covering the surface of
5



the mud seves as the princgd primary producer in mudflat ecosystems (Kromkaghp
al. 2005). This biofilm is food for many species of depés@ding and grazing
invertebrates, including the amphip8drophium volutatofPallas 1776).

Corophium volutatoare theprincipal macroinvertebrate living in the muddy
shores of the Bay of Fundy, reaching densities over 50,000 individa&Psaret al.
1986, Gerwinget al.2015a). These amphipottem U-shaped burrows in the mud,
which introduces bioturbation to the sedim, potentially improving ecosystem
functioning (Pelegri & Blackburn 1994, Savoie 2009, De Baekat.2011).Corophium
volutatorreproduce between Mand August, producing two apparent generations of
juveniles typically rfedwairmeécaecrt o gas gteme riag u
respectively (Peest al. 1986, Barbeaet al.2009). Within the adult population, males
often actively crawl along the sade of the mud and are outhumbered by females, which
tend to remain in their burrows during low tigReeret al.1986, Forbegt al.2005,
Barbeatet al.2009). During high tideC. volutatormay swim or drift through the water
column, especially durindneir juvenile life stage and at night during new and full moons
(Drolet & Barbeau 2009a, Drolet & Bagau 2012, Bringloet al.2013).

Other macroinvertebrates occupying the mudflats ofiieer Bay of Fundy
while not typically reaching densities as igsC. volutator,are also important
community members and so part of the regional taxa pool (Gerwing et al. 2015a). Also
feeding on the productive biofilm aff@itia obsoleta gastr opods that | iv
surface (Curtis & Hurd 1981, Coffiet al.2008). Tritia obsolé¢a can opportunistically
prey onC. volutator which will move away in the presence of snails (Coulthard and

Hamilton 2011, Coffiret al.2012). Nemertea are unsegmented worms that appear to be
6



important predators (Bourque et al. 200buBjue et al. 2002put their ecology is
understudied. They are characterized by using a proboscis and toxins to capture and Kkill
prey (Bourque et al. 2002), can grow to relatively large size for an invertebrate inhabiting
fine sedimentare effective atlispersing througthe mud (personal observatipand
have been sampled in the water column (Bringloe 2011). Many families of annelid
worms (mostly polychaetes) with a diverse range of feeding strategies and movement
capabilities are also members of theaunal communityAppy et al.1980). Most appear
to be either deposit feeders or opportunistic omnivores (Fauchald & Jumars 1979, Hicklin
et al.1980, Jensesn & Andre 1993, Costal.2006). Common sessile depefgeding
annelids ih the Chignecto Bayin particular) intude Oligochaeta, Spionidae,
Capitellidae, and Cirratulidae (Appy et al. 1980). Common mobile polychaetes in the
Chignecto Bay include Phyllodocidaeereididag Nephytidae, and Glyceridae (Appy et
al. 1980). The bivalvélacoma petaluniMetivier et al. 206; taxonomic hameecently
changed td.imecola petalunbut referred to aBlacoma petalunm my thesi$ is
restricted to deposfeeding during adulthood, because the high content of suspended
sediment in the water column hinders fifeeding (Olafsson 1989Ylacoma petalum
aremostly motile during their larval stage, and distributions fluctuate widely (Hieklin
al. 1980, Gerwinget al.2015a). The species referred to up to this point are considered
macrofauna (animals that are retgiy a 0.25 mm sieve) and can be infauna (those
living in the mud) or epifauna (those living on the surface of the mud).

Other members of the invertebrate community are meiofauna (typically animals
smal l er than a 0.25 mm sieve)vMeiofbupatintteupperr et a i

Bay of Fundy includgbenthic copepods, ostracods, and nematodes which may
7



significantly afect the structure of macrofaunal communities (Tietjen 1969, Watzin
1983). The densities of meiofauna are not sgekntified inthe Bay of Fundy mudflats,
because sampling has mostly focused on macrofauna (with sievef€iz2S mm or
larger). Based onursory observations in various projects in the Barbeau and Hamilton
labs (e.g., MacDonald et al. 2012, Quinn and Hamilton 2012 2B&B, Kalu 2020),
densities of ostracod, benthic copepod, and particularly nematodes can be very high (see
also Whitlatch1982). Also considered meiofauna are organisms in the phylum
Foraminifera, shelled rhizariai@meboid protiststhat may be influential in community
composition but, to my knowledge, have not been studied in the upper Bay of Fundy.
Studies using foramirgfa as an indicator for séavel rise and climate change, or simply
monitoring their distribution, have beennclucted in other parts of the world (Bandy
1956, Culver and Horton 2005, Culadral 2012).

Epifauna that feesdon the infaunal community ithe upper Bay of Fundy
includes benthic fish species and migratory shorebirds (Hicklin 1987, McCetrey,
2005 Quinn & Hamilton 2012). The benthic fishes are typically flounder
Pseudopleuronectes americanakated eucoraja ocellataand tomcodvicrogadus
tomcod which have been observed to selectively feed in areas with high densflies of
volutator (Risk andCraig 1976, McCurdt al.2005). Migratory birds including the
Semipalmated Sandpip€alidris pusillause the upper Bay of Fundy as a stagiig
before continuing their long migration from the Arctic to their wintering grounds in
South America (Hicklinl987). Semipalmated sandpipers feed on a variety of infauna,
alter their feeding strategy depending on available prey, and have recently been

discovered to also feed on microphytobenthafilm (Quinn & Hamilton 2012, Gerwing
8



et al.2016a, Neima 2017).dfaunal predation of. volutatoris hypothesized to
contribute to the high femalgiased sex ratio typically seen in the species, likely due t
differences in behavior and susceptibility to predation between the sexes (MeCatdy
2005). Feeding by S&palmated Sandpipers is known to affect the vertical distribution
of C. volutatorin the sedimentwhich may attempt to behaviourally avoid gation
(MacDonaldet al.2014). Overall, a moderately diverse group of organisms make up
communities associatedth the upper Bay of Fundy mudflats.

For my thesiswhich focused on infaunal community dynamics, | congidére
regional species po@leferred to as the regional taxa pool when discussing my
experimentYo comprise ofC. volutator the various annelid taxa, Nemertlh,petalum
and ostracods. These are animals that ceexist in mudflat sediments and can move in
the water column (active)yr passively by tidal resuspension and entrainment), by
crawling on the mud surface, buwimg in the sediment, or ie&fting during winter.
Regionaltaxapools in the upper Bay of Fundy may vary as a result of dispersal barriers
(created by water cumés and landscape features), severe winter conditions, repeated

disturbance, sediment chat@gstics, local interactions, or speciation rates.

Disturbance and community dynamics in Bay of Fundy mudflats

The upper Bay of Fundy is exposed to seasonalitysgvere conditions during
the winter months as it is located at north temperate latiadjasent to the North
Western Atlantic Ocean. During winter, mudflats are exposed taexabtemperatures,
temperature variations, wind, different types of ice,dcour, and low sediment oxygen

content (Gordon and Desplanque 1983, Drolet et al. 20i&)I8et al. 2014). The
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infaunal community is resilient to winter stressors, but large drift ice does have the
potential to scour mudflat areas, creating distureaas well as providing potential
dispersal vectordfacfarlane et al. 201 &erwinget al.2015b). Since many of the
invertebrate populations are at their lowest densities in their annual cycle during winter,
disturbances during this time may create feggicolonization opportunities in mudflats
in the upper Bay of Fundy (Petraigsal.1989,Hobbs and Huenneke 1992). Powerful
storms can also result in an area of unoccupied habitat by causing mass sediment
resuspension due to heavy rains and wave affeaset al.1977). Storms have
potentially been responsible for crashe€ofolutatorpopulations that occur
simultaneously to other populations remaining stable in the upper bay (Shepakrd
1995, Barbeaet al.2009, Gerwinget al.2015a). Anthrpogenic disturbances that result
from the building and/or opening of tidal barriers can oatthe upper Bay of Fundy
and may result in unoccupied habitat areas (Shemtedl 995, Gerwinget al.2016b).
Nutrient loading or pollution may also resuitriegime shifts or community or population
loss, or both (Bonsdor#t al.1997).

Scientific interest in the mudflat ecosystem in the upper Bay of Fundy first began
in the mid1970s (Yeo 1977, Gratto 1979) aihere has beesvidence that intertidal
mudflats areextremelydynamic systems. Large crashegofvolutatorpopulations, as
well as changes in sediment characteristics, infaunal community structure, and migratory
patterns of shorebirds have occurred in this ecosystem through time (Hicklin & Smith
1984, Peeet al.1986, Hicklin 1987, Shephert al.1995, Rodriguez 2005, Barbeat
al. 2009, Drolet & Barbeau 2012, Gerwiegal.2015a). In 20002011, 8 mudflats in the

upper Bay of Fundy were sampled for their infaunal community, sediment properties,
10



measures of primary production, and evidence of epifaunal predation (Getvéihg

2015a, Gerwingt al.2016c¢). Gerwinget al. (2016cjound that the community

composition of infaunal invertebrates was relatively stable within a mudflat over the two
yeas, varied significantly among mudflats, and was not greatly influenced by lotial bi
interactions or abiotic conditions. Compared to other coastal ecosystems (such as rocky
shores and salt marshes), drivers of community dynamics in mudflats are not well
understood (Dayton 1971, Bertness 1991, Berteeak2001, Gerwinget al.20169.

Mudflats are considered relatively benign intertidal environments for the organisms
adapted to inhabiting them. Intertidal mudflats tend to have high primary production,
muted temperature variation, desiccation, and salinity stress, a low level oftitimmpe

for space, and relatively diffuse predation pressure because of the low angle of repose
and often expansive areas (Hargraval.1983, Ambrose 1991, Wilson 1991, bakken

and Bertness 2005, Bertness 2007, Chewtra. 2014). These aspects ofertidal

mudflats and results of extensive sampling in the upper Bay of Fundy led Getveilhg
(2016c)to hypothesize that mudflat community structure and dynamics argymai
reflective of a fAfirst come, fideldft servedo
succession mentioned previously (Sutherland 1974, Connell and Slatyer 1977, Bertness

2007, Gerwinget al.2016c).

Thesis objectives
My overall objective was to bietr understand the driving forces affecting infaunal
mudflat community compositioand dynamics in the upper Bay of Fundy. To achieve

this objective, | created local areas with severe disturbance and observed the response of
11



the infaunal communities as-celonization proceeded. | considered the three
mechanisms of succession: the intidn (preemptive competition, hypothesized for the
Bay of Fundy mudflats by Gerwing et al., 2016c), facilitation, and tolerance, as well as
the possibility that no mechanis wereactive. For inhibition, | expected that
communities in disturbed plots walitemain different than those in cong@Figure 1a).
For the other possibilities, | predicted that community composition in disturbed plots
would become similar to those controls through time, though with different patterns. |
predicted evidence for the facilitation and tolerance models apparent and
differentiated by active, though different kinds of, species replacements. For the
facilitation mechanism, | predialehat one or few species would first colonize,
presumably modify sediment properties of the disturbed plots, which waridth
colonized by additional species (Figure 1b). For the tolerance mechanism, | predicted that
the community would initially formwith many different species, but eventually become
dominated by a superior competitor that also dominated in control pigtg€ 1c). If no
mechanism of successiorerepresent during the experiment, | predicted that
communities in disturbed plots woubgcome similar to those in control plots through
time as individuals immigrated from the regiotetapool (Figure 1d), i. the group of
taxacapable of dispersing to (via the water column, or the mudflat by crawling or
burrowing) and coexisting in thexperimental plots. Since local interactions would not
be affecting community succession, recovery of disturbance plotslwefiéct
immigration from the regionahxapool.

To increase the investigative power of my stuidyonducted four disturbance

trials timed at different times of the season when animals were active (i.e., the field
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season; May to October). Having trials start at different times during the year was
important to detect potential variation in behavioggence/absence, and/orifistory
stage of invertebrates during community assembly in response to a variety of factors
including species reproductive cycles, seasonal increases in epifaunal predation, seasonal
weather differences, the moon phase, &ee(et al.1986, Hicklin 1987Barbeatet al.
2009, Drolet and Barbeau 2009a, Boudreau and Hamilton 2012, Gexinahg015b).
Trials began soon after winter (May), early summer as infaunal densities increased
through intensified reproduction (early &nprior tothearrival of shoebirds in large
flocks (39 week of July), and after shorebirds had arrived and had been intensively
foraging (3¢ week of August). The latter trial continued into the fall (before winter).

If the inhibition mechanism ocawed, then | expected the commiyrat the end of
a given trial would be different than for
servedo process (in addition to the end co
facilitation or tolerancenechanisms werne main driversof succession, then | expected
to see similar communities at the end of each trial (and similar to the control).
Differentiating between the facilitation model and tolerance model would be mostly
based on the species invetduring succession and theitaractions. Having multiple
trials that showed similar patterns, with for example particular facilitating species, at all
four times of year (in the presence of different external forces), would provide robust
support for anodel, for exampleghe facilitation model, being a driving force of
community composition in the upper Bay of Fundy. If local interactions were not
important, then | expected the recovery trajectory to vary from trial to trial depending on

natural temporal community dynamjand the d community to become similar to the
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control community. Furthermore, | expected some temporal variation in the control
community, which would also reflect the regiotetapool. | considered the water
column invertebrate community (specifigathe bentlic taxa also found in the water
column) to be a good proxy for the regiotetapool (even though the regiortalkapool
also includes members not usually dispersing in the water), because of the strong tidal
currents capable of resuspendingsthy sessé organisms and causing substantial
movement for any organism. Thus, in the absence of local interactions, | expected the
recovering communities to reflect the water column community.

To quantify successional dynamics, | monitored taxon desgifi infaua before
and after disturbance and divided coloniziagainto functional groups based on their
life history characteristics, response to disturbance, colonization strategy, and my
observations. The useful functional groups that | identifiedrfy studywere those
related to the response of taxa to disturbance. My two functional groups were (i) taxa able
to resist disturbance and (ii) those that were especially susceptible to disturbance. Taxa
that demonstratetthe ability to resist disturbamcincluded he mostly sessile, deposit
feeding annelids Oligochaeta, Spionidae, and @#géde, and the meiofauna Ostracoda.
Certain resistant taxa, namely Calhilae and Ostracoda, could also be opportunistic and
actually increase their densities dyithe distbance period, and so had a good
probability of dominating newly disturbed areas. Disturbance most significantly reduced
the densities of mobile invertebrates that were regularly sampled in the water column,
includingC. volutator errant polybaetes Phytldocidae and\ereididae and bivalved\.
petalum these were thus considered the susceptible functional group. Susceptible taxa

tended to recolonize at rates that reflected their natural densities in the water column. In
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other words, they wereither relatvely rapid colonizers when they were sampled in high
densities in the water column (e.§.,volutatorat Pecks Cove in midummer) and slow
colonizers when they were sampled in low densities in the water columrMe.g.,
petalun). | sampledhe water caimn invertebrate community (a proxy for regional taxa
pool) in addition to the mudflat infauna and explored correlations between them to gain
insightinto the possible effect of the regional taxa pool on local diversity.

Note that my experimeal design vith the multiple trials of disturbance was best
suited to differentiate the inhibition mechanism (hypothesized for the Bay of Fundy
mudflats by Gerwing et al. 2016c¢) from the remaining models because it was the only
scenario where | expectednomunities indisturbed plots to be different than controls by
the end of the trials. It was more difficult for me to evaluate the facilitation and tolerance
mechanismsas| expected communities to become similar to confia$¥oth To gain
insight intothese two mehanisms, | used information from the literature (e.g., Jensen
and Kristensen 1990, Thrush et al. 1992, Greenfield et al. 2016, Drylie 2019) to identify
taxa that could potentially act as facilitators or as competitors and categorized them as
pot entciiali thaftaor 60 and Acompetitorodo groups (w
evaluate the tolerance mechanism). Resistant annelid taxa (Oligochaeta, Capitellidae, and
Spionidae) were considered potential facilitators because they were likely tcbet@e
thebeginning of my trials and are known to engage in burrowing behaviors that could
ameliorate anoxic conditions created by the disturbance. Identification of dominant
competitor taxa was more difficult because it is not clear that interfereesplortative
competition are important structuring forces on mudflats. Nevertheless, | used previous

sampling observations from the Barbeau and Hamilton labs about community
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composition shifts from primarilZ. volutatordominated to sessHgolychaete
dominated (Spinidae, Cirratulidae) mudflatsi{cklin and Smith 1984Gerwing et al.
2015a, M.A. Barbeaand D.J. Hamiltoipersonal communicatigh These taxa might
compete for space with each other (since they all build-pemmanent burrows), as well
as dominate oveother depositeeding or grazing infauna once established. | also partly
used my observations on taxa susceptible to disturbhtiues tentatively identified as
competitive taxa sessile polychaetes (Spionidae, Cirratulida&}.armlutator In sum,
possible evidence of the facilitation and tolerance mechamssi facilitative or
competitive taxa were numerically importantfa start or near the end, respectively, of a
trial, and had similar dynamics during every trial. The possibility that ocessional
mechanisms ereactive and that dispersal from the regidiaalapool was the primary
driver of recolonization was evaliga by comparing regional and local taxa richness and
by exploring correlations between the water column and mudflat cortiesuriilso, as
mentioned above for this fourth scenario, | expected the community in the control plots to
vary to some extent for ffierent trials, in addition to the disturbed plot community
becoming similar to the controls.

| paid detailed attention téné¢ population recovery dynamics©f volutator,a
typically dominating macroinvertebrate. Although much research has beerCdone,
volutatob s spatial ecology is not yet fully unc
amphipods move considerably, mostly biftorg in the water column during flood and
ebb tide after actively leaving the mud, and their movement patterns are difficuldyo st
Exploring howC. volutatorpopulations responded to a major disturbance may enhance

our understanding of their spatinamics and provide insight on how they form their
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populations and possibly on their competitive ability. Since juvenile life Staige.
volutatortend to be more mobile on the mud surface and in the water column than adults,
| expected these life stagjéo colonize disturbed plots before adults.

My thesis is structured as one document and not in separate chapters. My study
was a mgle, large, laboeintensive, manipulative field experiment that is described in the
methods section. My results are dividato four sections for both the invertebrate
community andC. volutatorpopulation. The sections recount the effect of the
experinental disturbance, recolonization dynamics, water column dynamics, and a brief
investigation into correlations between madlihfauna and water column dynamics. For
the discussion, | discussed natural spatiotemporal dynamics and the importance of
multiple start times in my study. | also discussed the implementation of disturbance and
identified resistant taxa. Furthermoreyhkiated mechanisms of community succession
for infauna inthe Bay of Fundy mudflats based on my results. Finally, | proposed that
mudflat community composition has a linear relationship between local taxa richness and
regional taxa richness, meaning lodadersity is reflective of the regiontxapool and

not largely influenced by local interactions.

Methods

Experimental design
My studywasa large manipulative field experiment focused on itwertidal
mudflat sites within the upper Bay of Fundy ihighecto Bay: Pecks Cove in

Cumberland Basin and Grande Anse in Shepody Bay (FRjulidnese sites were
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included in those sampled by Gerwiagal.(2015a), and were selected becalisthey
represent large, sitominated intertidal mudflatypical ofthe upper Bay of Fundyii)
are visited by Semipalmated Sandpipers annually in late suril@me locatedn two
different bays (Cumberland Basin and Shepody Bay) and sxposed to different
water circulation patterngiv) buthave minimal traveime between therfor the
sampling team, because they are on either side of asodmiThe experiment refers to
the entire field study itwo mudflat sites acrosétrials over 2 years.

Within a site the experimental plots were walterspesedfor different trials.
The layout consisted of &irataperpendicular téhe shore(acrossshore)and 5 strata
parallel tothe shore(alongshore) and their intersecti@gave a total of 30 possible
locations(24 of which were used over the 4 triglB)gure 3) This layout and their
locationswere established 25800 m and 10350 mawayfrom shore at Grande Anse
and Pecks Cove, respectively (Fig@yeEachlocationwas at leasbO0 m from any other

Within each of thesix stratifiedrandomlyselected locatiaper trial,a pair of
plotswascreatedat the beginning of each triéle., a given start timefgach pair
contained a 5 m x 6 m disturbed and control plot, randomly selected to be on the north or
south side of the pa{see below)and placed 102 m aprt Thus, trere were6 replicate
pairs of the disturbed and control plots per site for a #igliven plot had a 2 rwide
buffer areasurrounding a central 1 m x 2sampling arearhis buffer area was
implementedo minimizetherisk of shortdistancecrawling invertebratesontaminating
thesampling arealo access the central sampling area within each plot without

disturbing the 2 m buffer surrounding it, 2 wooden planks witkdpiteed angled holes in

18



the corners WwEO eamd rosithe ouaitbéodthetdunatio of the trial
using rebar posts driven into the mud through the planks (Higireletet al.2008.
Thefour trials represemd different starting conditions, beginning between May
and August 2018 and 2019 (Table Ruring each trial, ve sampled in disturbed and
control plots on thelay ofdisturbance implementatidqsee below)theday of
disturbance completiofday 0), as welas on days 1, 2, 4, 7, 14, 21, 35, and 56 or 57 (all
days numbered with respect to day 0; samptdlected on day 57 are referred to as being
collected on day 56) (Table 1). The sampling schedule had frequent sampling days
immediately postlisturbance t@locument the initial colonization of the disturbed plots.
Sampling continued until 5@ays postisturbance to assess community dynamics

through time and the ability of the established community to persist.

Creation of the disturbance

To create thélisturbance tethe beginning of each trién what is referred to as
the disturbance implementationylathe disturbedplotswerecovered witha5 m x 6 m
tarp constructed of plastic landscape fabflee goalwas toredue primary production
and sedimenoxygen to levels thaioald notsupport an infaunal community, causing
invertebrates to move away die from thedisturbedplots without disturbing sediment
microstructure Figure4; Frotier and Bilideau 2014). The tarps weesigned to remain
in placeon the mud in the face of tidal currents and windy conditidns3-10 cm pocket
wassewn into each eg of the tar@mnd aweighted rope (i.e., leatbre ropgwas passed
through to weigh the edges of the tarp down. Eachwaspdeployed by unrolling it

using a ~2m long bamboo pole and then unfolding it twice. Two bamboo poles on each
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side (8 poles totgler tarp)were driven on an angle through the tarps inrtiud
substrate to secure them in place. One rebampasdriven on an angle in each of the
corners of the tarp (4 total per tarp) and secured to the tarp using plasigs zithe 8
10-cm podet and weighted ropeas then buried in the mud. Mud frorhleast 5 meters
away from the edge of each pleés placed in the center of the tarp atdeast other
places on the tarp to further weigtdown (Figure4). Disturbedplotswere covered with
tarps for @proximately3 weeks (this period is called thdisturbancemplementation

p e r i Aftdrahe disturbance implementation period, the tarps were removed by
carefully rolling them off the disturbed plots, wooden planks were installed as @elscrib

above, and sampling begaiith day Q

Samplecollection

Sampling the benthos

During disturbance implementatiatays,| sampled>1 mawayfrom the edge of
the tarp or delineated control plot to minimize disturbing the plots. &feghreeweek
disturbance implementatigmeriod,thel m x 2 msampling area (in the middle of the
plots)wasdivided into eighteen 33 cm x 33 cm individually ragned cells. On each
sampling datel, sampledwo randomly selected, paetermined cells thaterenot in
dired contact with one anothéa cell was sampled no more than ontekach cell
sampled| collectedone7-cm diameter core (20 cm deep) fomfauna,onel-cm core
(2i 3 mm deep) for chlorophyl concentrationAppendix A), andone(in 2019) 3-cm
diamete core (510 cm deep) for meiofaur{gotalling 2 cores of each tygeerploton a

given day. For one of the two randomly selected cdlssocollectedone core for
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meiofauna (in 2018pne3-cm diameter core sample-1® cm deep) for sediment
properties, andonesoil penetrability measurement (Gerwiegal.2015a)(totalling 1
core or measurement per ptot a given day For the benthic analyses in my thesis, |
only usedhe infaunacore samplegheremainingtypes of benthisampleswill be
procesedandanalyzedaterto complement my thesis projebiote that ores weredken
to the maximum depth of the corer (10 cm) or the point where the consolidated anaerobic
sediment layer was reach@€eenchel & Riedl 1970, Gerwingt al.2015a) most were 5
10 cm deep

Other measurements taken in the 1 m x 2 m sampling area onagadtiutinot
used in my thesis, wethe number of fish bites, numberTitia obsoletaindividuals
percent cover of shorebird footprinead percent cover of puddles (in 201@yd. In
2019, holes left by coringgerebackfilled with mudtaken from within the buffer area.
This backfill step was not done in 2018, but sampled cells were smoothed out using a
garden trowel to eliminate holes in which water could padietter effortwas made in
2019to prevent small poolsreated by the workers and to monitor naturally occurring
ones as densities of swimmimyertebratescan behigher in pools than the surrounding
area at low tide (Drolet. & Barbeau 2009b).

Sampling the water column

| sampkdinvertebrates in the water column at high tideughout the trials of
thefield experiments a proxy for the regional taxa pgsée Table 2 for sampling
dates) To sample one high tide at a #nsix plankton nets, located between thsturbed
and catrol plots weredeployed per sitat low tide(Figure4). Sampling occurred at

high tide during the day and at night (possible due to the semidiurnal tidal cycle). For my
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thesis, | used the samples collected during the night, becausatdattiwas more
complete, and the invertebrate densities were highethbytatterns were similar (see
AppendixB for a comparison of the nighttime and daytime water column community).

Plankton netbadan opening of 20 cm diameter, amthesh of 183 nerons(see
alsoDrolet and Barbeau 2009s water passkthrough the plakton net, invertebrates
in the water colummverecollected in &00 mlplastic water bottle with a mesh window
(183 microns mesh), allowing water to empty out. The water he#tattached to the
plankton net via a funnel, whickas secured to the plankton net using liquid cement
epoxy, and haits smaller end pushed throughhole drilled in a water bottle cap. Each
plankton netvas deployed 1 m above the mudflat surface on a stbal stake andoald
turn with the current@~igure 4)

To quantify the amount of water that past&ough each plankton nétmade
plaster emisphersfrom plaster of Pariandattachedneto theopeningof eachnet,
while ensuring it @l not rub aginst the net itself. The dissolution of the plaster has a
linear relationship withhe amount of water flowAppendix1 in Bringloe 201). | used
this relationshipy = 37.316x + 9.6518 convert theamountof plaster los¢x variable,
in g) to thevolume of watei(y variable,in m®), which was then used to convtre
abundance of invertebrates collected in a plankton rteetbensity d invertebrates per

m?® of water

Sample processing
Within 24 h of collection, the infaurend planktorsamplesveresievedthrough a

250em meshto separate biota from sediment using a water hose with the nozzle set on
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Ami sto or Ashowero (to minimize breaking

columnfaunawerepreserved in 95% ethanol and stored in plastic wéth, a

waterproof label in the vial and sample information written in pencil on the lid of the vial.

They werelater sorted under a dissecting microscope. Taxon levels identified idclude
the amphipodCorophium volutatorthe bivalveMacoma petalumemeatean worms,
ostracodsand annelids, namel@ligochaetaand several families of polychaete worms
(Nereididage Phyllodocidae, Nepthytidae, Spionid&apatellidae, Cirratulidae,

Glyceridag. Individual organismsverecountedand sorted into taxonomic groaipefore
beingdried at 90 °C for 24 h and weigheer taxondetails indicated in AppendiR).

For my thesis, | presented densitiest not dry biomasse€£orophium volutatokvere
alsomeasured from their rostrum to telson and counted into five sizesl&sl.5 mm,
1.52.5 mm, 2.54 mm, 46 mm, >6 mm) (Bringloe et al. 20L3Adult Corophium
volutator (> 4 mm body lengthyveresexed (MaleNon-ovigerousFenale, Intersex,
Ovigerous FemaleandUnidentified,which are likely Norovigerous Females or

Intersex) (Schneideet al.1994). Individual heads @orophium volutatothathadbeen
separated from their bodiegremeasured, with ones >1 mm in length being considered
aduls. The aduk weresexed by primary sexual morphological features (oostegites and
penile papillae) and secondary sexual morphological features on theanfesihae

(Schneider et al. 1994)

Data analysis
| used he statistical program PRIMER with PERMANOVA (Permutational

Multivariate Analysis of Variance) aeoh (McArdle and Anderso200], Anderson et al.
23
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2008 to examine how the mudflat and water column invertebrate contiesamdC.
volutator populationsvaried overtreatment (disturbed, controt)me (trial, day) and
space (sitereplicatelocation).Response variables for threvertebrate communés
included taxa listed aboyandfor the C. volutatorpopulatiors included small, medium,
and large juveniles (<1.5mm, 1255mm, and 2Blmm, respectively) as well as adults
(>4mm) which were sexed described abovdensities oindividual taxa ancC.
volutatorlife stages were 4" root transformed prior to analys@simprove assessment of
effects of both rare and common taxa on community strudd@semblance matrices
were calculated using the Br&@urtis coefficient and a dumnvariable of 0.1
(considered a Adummy tmatpensty valses of zerocaulile anal y
included Clarke et al. 2006 The significance level of PERMANOVA tests was setto
=0.05.

ForinvertebratecommunitesandC. volutatorpopulatiors in the mudflat factors
included in the statistical linear model of PERNOVA swere Treatment (2 levels,
fixed), Day @ or9 levels, fixed), Site (2 levels, fixed), Trid kevels,fixed), and
Location (6 levels, random, nested in Site and Trial, but crossed with Treatment and
Day). Appropriate denominators ftine pseudd- ratios were determined as in
Underwood (1997Table 3) | conducted smaller PERMANOV&ollowing a
significant fourway interactionor threeway interactions involving Site and Tri@lable
3). Missing data for the PERMANOVAs mudflat community advolutatorpopulation
(see Table 1) were replaced with average values calculated from other samples with
similar Treatmet) Day, Site, and Trial factors, and degrees of freedom were

appropriately adjusted for the PERMANOVAdr(derwood 199) Multiple (pairwise
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comparisons usingt-test and the PERMANOVA routingere conductetetween
treatment levels on sampling dayhensignificant interactions were detected in the
PERMANOVAs between th&reatment an@ay factors Negativet-values acquired
during thepairwisecomparisortestswerereplaced with 0, becausegative values are
not meaningful in a multivariate context arajpsvalues can not be calculatéskethe
explanation for this bel ow.K Garke, Bgrseralr man 6 s
communcationwith M. A. Barbeai.

SIMPER (Similarity Percentages; Clarke 1993, Clarke and Ainsworth 1993) tests
were used taeerminethe contribution of invertebrate @andC. volutatorlife stage
to any differences between control and disturbed plots throughTmeSIMPER
analysisprovided three pieces of information: (i) ttetal amount of dissimilarity (i.e.,
total average dissimilarityin community composition d€. volutatorpopulation
structurebetween treatment levdisr a given day and sit€ii) contribution that each
invertebrate taxon dC. volutatorstage accountefr to this total average dissimilarity;
ard (iii) thelevel of discrimination between the treatment levels that@ntar stage
provided, which was calculated as the average dissimilarity for that given taxon or stage
divided by its standard deviatig8D). If this ratio (average/SD) was > 1, ththe taxon
or stage was a good discriminator between the disturbed atrdldoeatment levels.

To further investigate infaunal community dynamics, | presented graphs of
univariate indices including total invertebrate density, taxa richness, dyyensit
evenness. | did this witho(in the Results section) and with (in Appendd Ostracoda,
a taxon of meiofauna withighly variable densities in the upper Bay of Funtgtal

density is simply the sum of all taxa densities in a sample. Taxa ridsrtessnumber of
25



taxa in a sampleshannoAWeiner diversity K drepresents a blend of the number of taxa
present and whether some dominate numerically over others; if alhtax@ammunity(a
sample)are equal in density, the index is maximized anieral logarithm of taxa
richness (i.e., fioa taxa richness = 41 &= 1.39 this maximum possible valuetsrmed
H 6ax). As taxa densities become more unequal, the index approaches 0, and if there is
only one taxonH & 0. Specifically, the indewascalculated for each sample by taking
the negative sum of the proportion of each taxon in a particular samfilplied bythe
natural logarithm of the proportion of each tax8péllberg and Fedor 203 Pi el oud s
evenness) )docuses orhow equal a commity is numerically (i.e., how close in
number taxareto each other in a community samplg it is related to the Shaon
Weiner index, but is constrained between 0 aelual numbers). It isalculated by
dividing H &y H @ax (Beisel and Moreteau 29). Samples with no invertebrates were
not included in calculations of diversity or evenness.

Forinvertebrate communésandC. volutatorpopulationsn the water column,
two-way, mixed modePERMANOVAs wereconductedvith Site (2 leveldixed), Date
(20 levels random), and Location (6 levels, random, nested in Site and; Datethe
Residua) to broadly analyze differences between sitesnsidered Location as nested
within Date, even thougplankton nets were securedréarin givenlocatiors, because
the watemassesampled at each high tideeredifferent due tdides andidal mixing.

To assess if the invertebrate communityCowvolutatorpopulation in the mudflat
correlaed with those in the water column, | conducted multivariate comwalati
(RELATE) testdn PRIMER (Clarke and Gorley 2035l ranthree types of analyses for

each site(i) disturbed plots soon after disturbance,(days 07 at Grande Anse and
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days 04 Pecks Cove8 sampling dayper site, (ii) disturbed plots long aftetisturbance
(days 35 and 56 at both sites, 3 sampling g&yssitg, and (iii) control plots (11
sampling dayper sitg. Specifically, | comparedasnples collected during overnighigh
tidesto infaunal samples collected on that same atayithin 4 dgs. Note that hetwo
infauna samplesollected peplot were averaged to create datasets that were comparable
with the water column sampldafaunaland planktorsampling days included in the
RELATE analyses wermdicated in Tablel and 2, respectively used asignificance
level of U= 0.10for RELATE investigations sinctheywereexploratory in naturéVhen
Rhowas negative, | replaced the value with zérecaus@egative correlations are not
meaningful in a multivariate context. Patterns with niega&Rhovalues were so unrelated
to each other that theyage mutually contradictory patternsnd thus a negative value
(K.R. Clarke personal communicationith M.A. Barbea). When significant
correlations were detected, BE@io-Env + Stepwise procede) tests were used to
determine which taxa or life stagyan the water columaoontributedmostto the

community or population patterns in the m(@larkeetal. 2008.

For graphing multivariate datasets, | constructeatmetric multidimensional
scaling(nMDS, 100 restarts) graphsing PRIMERO visualize invertebrateommunity
andC. volutatorpopulationcompositionin the mudfat or the watercolumnduring the
experiment| verified that the 2D stress of each MDS graples <0.2, which means that
it was a goodtwo-dimensgonal representation of the multidimensional dataset (Clarke
1993).For graphingunivariate dataset$ used heggplot2 packge (Wickhamet al.

2016) within statistical software R with $tudio interface (versiofh.0.4 (R Core Team

2021).
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Results

Disturbance effect

Infaunal community

Theexperimentadisturbance successfully impacted infaunal communities,
indicated bysignificant(or nearsignificant)interaction between Day and Treatmfant
all trials at both sitePERMANOVA, Table 4, Figure5, AppendixE). Communities
were not significantly differerttetween treatmemgvels before disturbancen the
disturbance implementatiatay butwere after thehreeweekdisturbanceon Day 0O
(Table4, Figureb). Total densityand taxa richresof macrofaunaverereducel after
disturbancdor all trials at both site@~igures 6, 7). ShannorAWiener diversity K §
generallydecreased after disturbangben comparing disturbed plots to control plots
(Figure8), reflecting the decread¢axa richressas well asisuallymore uneven densities
among remainingtax® i el o u 6 sJ)@howed inceeased vériatiaapngwith
decreased average valyes., on average more unequal densities among remaining
taxa) after disturbance at Grande Anse dgrafi trialsand at Pecks Cove during trél
and 3(Figure9). Trials 2 and 4 (i.e., later in tls@asohat Pecks Cove tendeddioow
higherd more equal numbers among takajnediately after disturbance thanthe
controlplots. Note that increasedariation likely reflected the small numbers of
individuals present in the plot§he average dissimilarity betweeammunities sampled
in control and disturbed plots increased from the disturbance implementation day to day O
by 22% on averagedifferencerange: 737%)across trialand siteSIMPER, Table5,

AppendixF). At Grande Anse, all infauna taeacluding Ostracaaiwereseverely
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reduced by the disturbanc@sguresb, 10-13). Duringthe first and secontlials at
Grande AnsgOstracoain disturked plots were fewer than those in controls after
disturbancemplementation, buthe opposite was true duritige third and fourth
(Figures10-13). At Pecks Coe, densitiesof Capitellidaewerenotreduced after the
disturbance implementation persand were highein disturbedplotsonday 0during
the first and second tria(Eigures 8-17). Oligochaea and Spionidadensitiesvereless
impactedhansome other taxéfor exampleCorophium volutatorNereididage
Phyllodocidaept Pecks CovéFigures #-17).

Corophium volutatorpopulation

Corophium volutatopopulationstructurewasimpacted bydisturbance dboth
sites Significant interactios between treatment and day indichtieat populations
sampled in disturbed and control plbecamedifferent aferthethreeweekdisturbance
implementationTable6, Figure5, AppendixE). There were much denser populations of
C. volutatorat Pecks Covthan at Grande Ansand so patterns were easier toaee
Pecks CoveAt Grande AnsgC. volutatordensities wexlow andvariable (Figure4d0-
17). The average dissimilarity betweén volutator populationstructurein control and
disturbed plots increasedterdisturbance implementation 3% on averagédifference
range: 341%at Grande Anseand by 53%differencerange:40i 66%) at Pecks Cove
(Table7, AppendixF). Densities of k life stages ofC. volutatorwerereducedoy the

experimentadisturbance aboth sites (Figures, 18-25).

29



Recolonization dynamics

Infaunal community

Infaunalcommunities in distured plots became more similar to those in controls
through timeandthe treatment levels were no longer significantly different by day 56 for
all trials at both sites (Tables 8 and 9, Figures 26 and 27). Prior to that day, the trajectory
differed among tals at both sites (significant Trial*Treatment*Day interaction,
PERMANOVA, Table 8 Figures 26 and 37Recovery was faster in Trials 1 and 2
(2018) than in subsequent trials (3 and 4, 2019) at both aitdsvas particularly fast at
Pecks Cove in 2018n(ultiple comparisons, Table Bigures 26 and 37The average
dissimilarity between communities in control and disturbed plots peaked on Day 2 at
Grande Anse (Avg. diss.: B82%) but was greatest on Day 0 at Pecks Cove (Avg. diss.:
44-60%) (Table 5, Appetix F). Thereafter at both sites, average dissimilatégreased
to be back within a range of dissimilarities similar to before disturbance (Avg. diss.: 20
31% on Day 56). In general, differences between infaunal communities in disturbed and
control plotsmirrored patterns ahetotal density of infauna; intber words, infaunal
communities in treatment levels were most similar on days when plots in the different
treatment levels had similar total densitigsiltiple comparisons, Table Bigure 6).
Taxarichness in the disturbed plots mostly recovered toithabntrol plots by the end of
all trials at both sitefFigures 7, 26, and 27 Note that in control plots, local taxa
richness (mean = SD, n472 control plot sampleat Grande Anse and n = 475tm|
plot samples at Pecks Cove3+ 1.4for GrandeAnse 3.0+ 1.1for PecksCove range
of O1 8 at both siteswas lower than the regional taxa pod ({@cludingall possible taxa

or 8 taxa considerg the maximum observed in control plots at a gitrere). Shannon
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Weiner diversitylH® , and Pi e |Jjshdawved steongevarintiopamiculérly at
Grande Anse, likely due to small numbers of invertebrates (Figu€gsmBoth diversity
and evenneds disturbed plots mostly recovered by the endlbfrials at Grande Anse
and Trial 2 (with a July start) at Pecks Cove. In the other Pecks Cove trials, samples
tended to still be less diverse and taxa less even in disturbed plots than in contedl plots
Day 56.

There was no specific taxon that draeeolonization of disturbed plots at Grande
Anse during the four trials; rather, differences between treatment levels decreased as
multiple taxa became more prevalent in disturbed plots through time (Fib@s and
26). The taxa that contributed mostdommunity dissimilarity and discriminated (ratio
of average dissimilarities to the SD of dissimilarities for these taxa > 1) best between
treatment levels varied between and within trials at Grande Ardae(b). Unless
indicated otherwise, taxa dens#ieere lower in disturbed than control plots throughout
the recovery period. Earliest in the field season (Trial 3 with a May start), taxa
contributing most to community dissimilarity changed from earbat® in the trial
(Figure 12, Table 500stracodaan opportunistic taxon, had the highest densities
(actually higher in disturbed plots than in control plots) early in the trial, and contributed
most to community dissimilaritthen; later in the trial, #y maintained relatively high
densities but did rtaccontribute much to community differences (although they did
discriminate well). Main contributing taxa (which also were good discriminators) in Trial
3 transitioned to Spionidae, then to Oligochaeta,thed toC. volutator andall three
had low to inermediate densities until recovery (at which time densities for oligochaetes

andC. volutatorbecame similar between treatment levels, and overall higher). During
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Trial 1 (with a June start, and also whefaunal reproduction had begug), volutator
contibuted most to differences in community composition between treatment levels, with
reduced densities in disturbed plots, but after 2 weeks higher densities in disturbed plots
(Figure 10, Table 5). Ostracadvhich maintained relatively high densitjiesd

Spionidaewith intermediate densities throughout the tréddo largely contributed early

in the trials(days 2 and 4, Table 5). In msdimmer (Trial 2, with a miduly start just

before shorebirds ar®y, ostracodsad relatively high densities, bueve nothe main
contributor to community differences (Figure 11, Table 5). Rather, Oligochaeta
contributed most to community differences early in the trial, and then Spionidae
contributed most late in the trial (when shorebirds had arrived and werenfpagthe
mudflat); both taxa had low to moderate densiti&sophium volutatohad very low
densities and did not contribute much or generally discriminate well between treatment
levels during TriaR. Late in the field season (Trial 4, with a sfdiguststart, afer the

peak of shorebird activity had &), Oligochaeta with moderate to high densities
contributed most to community differences between treatment levels early, Spionidae
with low to moderate densities contributed throughout,Gneblutate with modeate
densities contributed late in the trial (Figure 13, Table 5). Ostracoda in Trial 4 (like in
Trial 3) resisted disturbance and reached higher densities in disturbed than control plots
on day 0, and then maintained moderate densities. In@sirgcoddad generally high

but variable densities throughout the trials at Grande Anse. Other resistant taxa
(Oligochaeta, Spionidae) were reduced in density by disturbance more than Ostracoda,
but less than susceptible taxa. All susceptible t&xadutator, Phyllodocidae,

NereididaeM. petalun), and some resistant taxa (Oligochaeta, and Spionigae)ed to
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colonize disturbed plots slowly but usually approached natieradites by the end of the
trials (Figures 1€1.3). Other taxa occasionally sated at Grade Anse but not largely
influential on recolonization dynamics were Nemertea ribbon worms and the Glyceridae,
Nephtyidae, and Cirruatulidae polychaetes.

Corophium volutatonaturally have high densities at Pecks Cavueeywere the
main contribwor to signficant community differences between treatment levels,
especially early in the trials, and tended to discriminate the treatment levels well
throughout each trigFigures 1417, Table 5). Early in the field season (Trial 3, May
start),C. voluator had réatively low natural densities in control pldtsough still higher
than at Grande Anse) and especially low densities in disturbed plots (Figure 16), and
even then were one of the main contributors to community differe@tigechaeta were
able to resist disturbaes, maintain moderate densities, andres ofterone of themain
contributos to, and good discriminatsiof, community differences throughout all trials
(Figure 1416, Table 5). Capitellidae were able to maintain or opportunisticeligase
their natural density during and immediately aftesturbancesearly in the field season
(Trials 3 and 1, May and June starts), but not later in the field season (Trials 2 and 4, July
and August starts) (Figures-1%). Further, Capitellidae wetmable to maintain their
relatively high densities in distoed plots as a trial progressed, were not major
contributors to community differences during any trial, and oftere not good
discriminators among the treatme(ifable 5, Figures 14 and 16)piSnidae while able
to partially resist disturbandéheir density reduced somewhat, but not completiely)
most trials (namely Trials 1, 2, and 3), did not contribute to significant community

differences in any triallThus, resistant taxa (Capitellid&pionidae, Oligochaeta) were
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unable to inhibit colonizatioof other taxa and dominate in the communiitythermore,
Capitellidae and Spionidae did not appear to be needed in high densities at the beginning
of a trialfor the successful colonizatiari later arrivals i.e., later arrivals colonized plots
with or without Capitllidae and SpionidaeSlowly colonizing taxa that were susceptible
to disturbance (Nereididakl. petalum and Phyllodocidae) tended to reach natural
densities in the final days ofatirials (if at all). Nereididae colonized relatively rapidly
during Trial 1 (June start, when infaunal reproduction is higher) and discriminated
between treatment levels weltdan that trial (Figure 14, Table 3)ther taxa
occasionally sampled at Pacovebut not largely influential on recolonization
dynamics were Nemertea ribbon worms and the Glyceridae and Nephtyidae polychaetes.
Interestingly, community recovery at Pecksve occurred more rapidly in 2018 (with
trials in midsummer) when there weehigher natural densities Gf volutator thanin
2019 (with trials in spring and lasarmmey) (Table 9, Figure 27)

Corophium volutatorpopulation

Corophium volutatopopuhtion recovery at Grande Anse and Pecks Cove
reflected the community recoveirythat it differed by trials (significant
Trial*Treatment*Day interaction, Table 8, Figures 28, and 28. At Grande Anse, an
overall low, spatially patchy, and temporally \edofie density o€. volutatormade it
difficult to discern recolonization dynaos of the populationFor exampletheaverage
daily dissimilarity in population structure between treatment levels was often 100%
during Trial 2 (with a July start) when the consistently lowest densities were sampled
(Table 7, Figures 11 and 19). Thaakmalso did not show any recovery tretiery

different than the temporal pattern in control plots (smmificant Treatment*Day
34



interaction, Table 1,0Figure 28, because of the very low densities. The other trials
(Trials 3, 1, and 4 with May, June, aAdgust starts, respectively) did showeaovery
trajectory (significant Treatment*Day interaction, Table E@ure 28. However, the
patterns for when the population structure in disturbed and controls plots became similar
were inconsistent (multiple ogparisons, Table 1@-igure 28, and aveage dissimilarity
in population structure between treatment levels sometimes peaked at odd times (day 4
(99%), 35 (94%), and 1 (98%) for Trials 3, 1, and 4, respectively; Table 7). Trials 3 and 4
(early and late ithe field season in 2019) did show reepvby day 56, with low
average dissimilarity in population structurei(8@%) between treatment levels (Table 7,
Figures 18, 20, 21and 28. All three juvenile lifestages (<1.5, 1-3.5, and 2.51.0 mm
body length contributed most to significant diffences in population structure between
treatment levels at Grande Anse (Tablend had the highest densities (Figureé213.

TheC. volutatorpopulation at Pecks Cove, with its higher densities than at
Grande Ansgshowed smooth recovery trajectoriestfte population structur@igures
22 25). The trajectories differed among trials (significant Trial*Treatment*Day
interaction, Table 8), but recovery was generally complete by day 56 for all trials
(multiple compaisons, Table 10Figure 29. The genellgattern in all trials except Trial
3 (with a May start before the reproductive perio€ofolutato) was that small
juveniles colonized disturbed plots first (Figure$ 22and 29. Subsequeitt, there was
an ingease in larger juveniles and then agjyitobably driven by combination of
colonization by these larger stages and growth of smaller stages into larger stages already
in the plots Average dissimilarity in population structure between disturbed antbton

plots atPecks Cove peaked day 0 (Avg. diss.: 682% Table 7). Thereafter average
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dissimilarity decreased to be back within a range of dissimilarities similhosebefore
disturbance (Avg. diss.: 1P5% on day 56). During the earliest trialive field season
(Trial 3, May stat), recolonization dynamics were unsurprisingly driven by adults, since
offspring had not yet been produced (Table 7, Figures 24, 29). When juveniles appeared
late in Trial 3, they had similar densities in the disturded control plots (Figure 24).

Later in the field season (Trials 1, 2, and 4, with June,, &uig August starts) and as
mentioned above, disturbed plots were initially colonized by juvéhilelutator(<4

mm body length), especially those in the smakeze class (<1.5am; Table 7, Figres
22-25, 29). In Trial 1 (June start, timed with intefisevolutatorreproduction), the

smallest juveniles contributed most to population differences between treatment levels
(Table 7). Small juveniles also discrimiad well between treatment levelsrohg later

trials (Trials 2 and 4with July and August starts). The larger juvenilesi(2.5 mm and
2.514.0 mm) contributedubstantiallyto population differences early in the trials
occurring later in the field seas@Trials 2 and 4). As alluded tbave, the density of the
medium and large juveniles usually increased as the density of the smallest juveniles
decreased (Figures 25). Norrovigerous females were the adult stage that most
frequently contributed to popation differences (Table 7, FiguB®). Male densities were
lower butfollowed nonovigerous female densities; the sex ratio aver&gedales for
every malgincluding intersex that function as males; McCurdy et al. 2B@fijres 22

25). Males contribw@d to population differences betweteeatment levels most at the
beginning of the field season (Trial 3 in May) atdnid-season (end of Trial 2 with a

July start). Ovigerous females reached the highest density, contributed most to population
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differencesdetween treatment levels, and distnated best early in the field season,
specifically in the middle of Trial 3 (Figure 24, Table 7).

The ate of ecovery of he C. volutatorpopulationrelative to thenvertebrate
communityvarieddepending on the &l and site BecauseC. volutatorwas much less
abundant at Grande Anse, it was more difficult to compare the population and community
recovery trajectoriebetween treatments at this diban it was at Pecks CovEhe
Grande Ans&€. volutatorpopulationtendedto recovemmore rapidly than the entire
community because of the naturally |&@vvolutatordensity observed in control plots
(Tables 9 and 10, Figures-28, 26, and 28)At Pecks Covandin 2018 (Trials 1 and 2)
it took longer for theC. volutabr population to recover than it did for the entire
community Tables 9 and 10, Figures 27 and Z9eC. volutatorpopulation recovered
more quickly during Trial 3 (with a May start) than did the entire invertebrate
community, at a time (soon after thedef winter) when there were low densities@f
volutatorpresent in control plots (Tabl&sand10, Figures 24, 27, 29. During Trial 4
(with an August start), th€. volutatorpopulation recovered atratesimilar to the entire

community (Table® and10, Figures27 and 29)

Water column dynamics

Invertebrate community

Invertebrate commuryitdynamicsin the water colummvere significantly
different atGrande Anse and Pecks Caliring the disturbance experimgitiblel1,
Figure30). Ostracod were noreinfluential on community composition at both sites

during2018 (Trials 1 and 2han they were in 201@Trials 3 and #andwere more
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prevalent at Grande Anse than Pecks Qéwgures30and 3). As expectedC. volutator
were more abundai the wate column at Pecks Cove than Grande Afi&gures30
and 3). Taxa including Phyllodocida®&lereididae Macoma petalupandNemertea
were alsqresenin the water columiat both sitegFigures30, 31). Phyllodocidae were
greater at both siggn 2019 tharin 2018 when densities were higher at Grande Anse.
Macoma petalurhad highly variable water column densities at both sites but had the
highest average density in Pecks Cove in early 20&fnhertea were rarely sampled at
both sitesThere weresimilar dendies ofNereididaen the water column at both sites,
although peak density in Grande Anse came in 2018 while peak density in Pecks Cove
came in 2019 (both later in the field seas@®rtain sessile taxa, including Oligochaetea,
Capitellidae and Spionida werevery rarely sampled ithe water columnKigures30,
31). Taxa richnest the water columimean + SD: 1.7 £ 1.0 for GA, 1.5 £ 0.8 for PC;
range of 04 at both sitesn = 275 for GA and n = 245 for PC water column samples
lower than the regial taxa pool (10ncludingall possible taxa sampled in control plots,
4 if consideing the maximun observed in the water column at a given time, or 9 if all
taxa sampled in the water colurwere countejl

Corophium volutatorpopulation

The mpulationconposition ofC. volutatorsampled in thevater column at high
tide was significantly differerttetweersitesduring the disturbance experimdmable
11, Figure30). There weresignificantlymoreof the smallest juvenil€. volutator
(<1.5mm body lengthgampled in the water column at higlkde at Pecks Cowvhan
Grande Ans€Figures 30 and32). Other juvenile size classes Gf volutator(1.54 mm)

and adulimales anahon-ovigerousemaleswere sampled in more similar densities
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between sitefFigure 2). Ovigerousfemales were sporadicalbampledn the high tide
water columrat both sites, but more frequently at Grande Anse than Pecks Cove (Figure

32).

Correlation betweeninfauna and water columndynamics

Invertebrate community

Mudflat and water colummiertebrate communitiasaried temporally and
appeared to be correlatddcal taxa richness observed in control plots did not reach the
total taxa richness of the regional pool during any trial at either site and nor did taxa
richness in the water colunfsee above). The natuiafaunal community dynamics in
control plots varied temporally across tridlsere was not a single apex community
across trials at either site (Figu8®8). | observed mild, but significant correlations
between invertebrate commities in the mudflatand hose i n t he water
0.2 (Table 12)In disturbed plotshesecommunitiesvere significantly correlateéearly
in the recovery trajectorfsampling daysio7 at Grande Anse, @ at Pecks Covdjut not
late in the trials (sampling days @6d56, which should benostlyrecovered
communitie}. In contrastthe communities in the control plota/fiich are established
communitie} werecorrelatedo those inthewater columrthroughout the trialsTaxa
that were most strongly associated with sigaifit correlations at Grande Anse were
Macoma petalumOstracoda, and Oligochaeta, whilevolutator,Ostracoda, and
Oligochaeta werenost stongly associatedt Pecks Cove (Append®, TableG.1)
Graphical examination suggested thghgicant correlatios detecteearlyin disturbed

plotsmayreflect broademporalchanges, i.ethe timing ofthe four trials(AppendixG,
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FigureG.1 andG.2). When | conduadshortterm RELATE testdor the early days of
Trial 4 only (the trial with the mostvater columrcommunitydata),the communities in
disturbed plotand the water columwere not correlate(AppendixG, TableG.2).
Control plotcommunitiesverefound to besignificantly correlated to the water column
communities using thehorttermRELATE test§ AppendixG, TableG.2) and taxa most
strongly associated weh. petalum, C. volutatognd Ostracoda at Grande Anse &nd
volutatorat Pecks CovdAppendixG, TableG.3).

Corophium volutatorpopulation

| also observewveak butsignificant correlations &een he structure o€.
volutator populationsn the mudflat andhe water columitRho= 0.1170.36) (Table 12).
This includedcorrelatonsearly and late in the disturbed plots as well as throughout the
trials in the control plotsTheexcepton wasearly in disturbed plotat Grande Ansd.ife
stages in the water column that most strongly correlated between infawraiitator
populations tended to include juvemsil&4 mm in body lengthlespecially early in
disturbedplots (AppendixG, TableG.1). Adult C. volutatorwere more strongly
correlated between mudflat and water column populations in the late disturbance periods
and control plots than in the early disturbance perdqp€ndixG, TableG.1). Note that
similar to the infaunal communitygignificant correlationsnay partly reflectbroad
temporal difference.e., the timing of the different trigl&ppendixG, Figures G.3

andG.4, TableG.2).

40



Discussion

Disturbance and succession are important ecological processes that, when studied
in a paricular ecosystem, can explain why biotic community composition varies
spatiotemporally. Factors affecting ecological succession and community composition in
softsediment intertidal ecosystems are currently not well understood, and in the past
wereassumedo be similar to the bettestudied terrestrial and rocky shore ecosystems
where biotic interactions are known to be impor{@tison 1991) To better understand
community dynamics and structuring in seftdiment intertidal ecosystems, specifical
theexpansive mudflats of the upper Bay of Fundy, | conducted a disturbance experiment
similar to what has been done in the other ecosystem types (Sousa 1979, Burke and
Grime 1996, Underwood 2000, Hotes et al. 2009, Mason et al. 2011). | used the@dbserv
trajectories of the disturbed communities (replicate areas 5 m x 6 m in dimension) in
comparison to control (undisturbed) communities, conducted on two mudflats and
initiated four different times during the field season (Mastober, over two years), to
gain abetter understanding of the driving forces affecting infaunal community
composition. | found evidence that infaunal communities on my study mudflats were
more strongly influenced by characteristics of the regional taxa pool than they were by
local speciesnteractions (such as facilitation and competition). For the following
discussion, | started by briefly reviewing the natural spatiotemporal dynamics of the
mudflat infaunal community and the typically dominating macroinverteb@asophium
volutaor) asa baseline for the main part of my study. | then assessed the impact of the

disturbance on the infaunal community, which enabled me to identify resistant and
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susceptible taxa. | summarized recolonization patterns and evaluated evidence for the
importanceof the mechanisms of community succession (local taxa interactions) and the
regional taxa pool during recovery, which were the heart of my study. | also disthussed
importance of having multiple start times during an experiment. Finally, | identified
limitations in my study and suggested improvements and future research to continue to

understand forces driving community composition in the upper Bay of Fundy tsudfla

Natural spatiotemporal dynamics of infauna on my study mudflats

The spatial and tempdrehanges in densities of infaunal taxa in my control plots
and the water column (which | generally te
throughout theiéld season and this variation was similar to that in past studies conducted
in the upper Bapf Fundy.It is important to briefly review the relevant natural dynamics
to better understand the changes observed after disturbance, evaluate possible
successinal mechanisms, and determine the importaricke regional taxa pool (see
next sections). fle mudflat sites included in my disturbance experiment (Grande Anse
and Pecks Cove) were among eight mudflat sites that were part of a broad sampling
program of mdflats of the upper Bay of Fundy conducted from 2009 to 2011 by
Gerwing et al. (2015a, 2016@Geasonal trends in community composition during my
experiment in 2018 and 2019 were similar to those seen in théGmasting et al.
2015a) total invertebratelensity and taxa richness tended to peak i August and
were lower in the spring and falh general, macrofaunal communities sampled at

Grande Anse tended to be approximately half as dense as those sampled at Pecks Cove.
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Macrofaunal taxa richness was average slightly higher, and diversity and evenness
tended to be higher but more variabtegGrande Anse than at Pecks Cove.

With regard taC. volutator which often dominatinfaunal communities in the
upper Bay of Fundy, naturagpatiotemporal popation patterns observed during my
experiment also varied. Assessing these natural popubititamics ofC. volutatorwas
important to understand why population recovery varied among sites and trials, and
becauseC. volutatorcontributed significantly téherecolonization trajectory of infauna,
especially at Pecks Cov€onsistent wittpreviousobservationgBarbeau et al. 2009,
Drolet and Barbeau 201,2)also found thajuvenile C. volutatorwere produced starting
in late spring (i.e., early June) and were largely responsible for increases in total
invertebrate density. There were substantialyer densities of juvenile (and total)
volutatorin the infaunal community and the water coluatrGrande Anse than at Pecks
Cove, similar to the past (Bringloe et al. 2013, Gerwing et al. 2015a). @duttlutator
were biased towards females witeex ratio of 3 females per male at both sites during
my experiment, whickvas a pattern reported imgvious studie¢Barbeau et al. 2009,
Drolet and Barbeau 2012, Bringloe et al. 200y results suggest thigmales had the
possibility of contributing rare to recovery than males. Difference€involutator
density and population structure at Grandeé\and Pecks Cove were primary causes for
differences in community recovery between sites.

The other group of possible dominant macroinvertebrates orpges Bay of
Fundy mudflats are annelids, consisting of polychaetes and oligocl@egzall, the
natural spatiotemporal dynamics of annelid talxaing my experimentere similar to

previous reportsGerwing et al. 2015a@gndindicate the anelids were inportant
43



community members that often significantly contributed to recolonizadembers of
Capitelidaewere more important community members at Pecks Cove than at Grande
Anse during my experiment, but theiensity at Grande Anse was lovikan what had
been observed in the past (Gerwing et al. 2015a). Infaunal densities of Capitellidae and
Spionidagended to be at their greatest in migmmer before rapidly declining into fall
during my experiment and in past sampling (Gerwing et al. 20TBakeasoal

dynamicsof Oligochaeta (which were not included in the study by Gerwing 204b3
weresimilar tothe sessile polychaetes (Capitellidae and Spionidae) atudysites, but
had greater densitiggarticularly at Pecks Cove. The aforementionedilseasnelid taxa
are subsurface and surface deposit feeders (Fauchald and Jumars 1§litgaP2005,
Jumars et al. 2014Yhich| rarely captured in the water columhwas possible that these
taxaspatially repositioned themselveis bedload transpoand sowvould have not been
sampled by the plankton netscured 1 m above the mudffatindquist et al. 2006)t

was importanto assess the movement capabilities of the various taxa to better
understand how they could have arrived in the disturbed @rieahe water column or

not) and thus shed light on how they may have interacted wign t@tka during my
experiment. Other prominent polychaete families sampled during my experiment were
Phyllodocidae and Nereididae which are mobile, omnivorous, capbbtedation
(Fauchald and Jumars 1979, Pagliosa 2005, Jumars et al. 2014), and wertlfreq
sampled as members of the water column community. During my experspeaigs of
Phyllodocidae were more abundant at Grande Anse, but Nereididae were oratardb

at Pecks Cove, whereas in the past these taxa had similar densities between these two

sites (Gerwing et al. 2015a). Phyllodocidiae and Nereididae tended to have their highes
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densities during the summer and lowest during the spring and fall. Qaenadllid taxa
were present throughout the field season and were often important contributors to
community differences between treatment levels (disturbed vs. control) during my
experiment.

Other mudflat invertebrates naturally occurring in my sitéscama petalum
bivalves Nemertean ribbon worms, and Ostracoda, also had spatiotemporal dynamics
similar to those observed in past studies (Gerwing et al. 2015a). The natural dysfamics
these other taxa could influence recovery trajectories during my expériamel
understanding them could reveal when these taxa would be most influential on
community recovery. Based on my control pjaisdsimilar to previouobsenations
(Gerwing etal. 2015a)M. petalumwere more abundaat Grande Anse than at Pecks
Coveand were most abundant in late sumifiadirat both sites. During my experiment,

M. petalumwere frequently sampled in the water column as small individuals (personal
observation)indicating they could have recolonized disturbed mudflat areas from the
water column.Specimens oDstracoda, frequently associated with biofilm distributions
(Buffan-Dubau & Carman 2000), were sampled as members of the infaunal and water
column communits in variable densities at Grande Armsistent with other surveys
(Cheverie et al. 2014, Gerwing et al. 2015k) the case dPecks CoveOstracoddnad
relatively lowbut alsovariable densitiedNemertea were sampled sparsely throughout my
experimemnas members of the water column (which has been observed before, Bringloe
2011) and mudflat communities. This examination of the natural spatiotemporal

community dynamics observed during my experiment provided a useful baseline to
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subsequently assess htve infaunal community changed and respondedeo

disturbance, and evalgapossible mechanisms underlying recovery.

Implementation of the disturbance effect, and identification of susceptible and
resistant taxa

The disturbance method used in my experit led in all trials to substantial
reductions in taxa densities, inclugdi€. volutator resulting in community compositions
significantly different than what they were before the disturbance, as well as than the
controls. By covering the mud surface tbree weeks (using tarps hstic landscape
fabric), less oxygen was aNable at the surface, as evidenced by the black mud and
lower depth of the transition from aerated mud to anoxic mud (i.e., the apparent redox
potentialdiscontinuity; Gerwing et al. 20tband the reduction in diatom biofilm
biomassas evidenced by threduction in chlorophyla concentrationNlacintyre et al.
1996,Appendix A). My experimental disturbance was designed to not physically modify
the microsructure of sediments, but only substantially reduce the biota; it is in the range
of possible naturadcological disturbances in sefediment ecosystems, which not only
include coverage leading to hypoxic/anoxic conditions (e.g., by deposition of dense
riverine sediments or ke growth of ephemeral algal mats; Thrush et al. 2003, Auffrey
et al. 2004) ain my experiment, but also scour or resuspdsddiments (Grant 1981,
Kaiser and Spencer 1996, Hall and Harding 1997, Conlan et al. 1998).

The taxa massusceptible to disturbance were those with mobilehiigory
strategies and/or hypoxia suscepiipil Thus, my susceptible functional group included

C. volutator(all life stages)errant polychaetes Phyllodocidae and Nereididae, and the
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vulnerableM. petalum During the disturbance period, residéntvolutatorindividuals
were either killed or forakto emigratemost likely by crawling. Errant polychaetes
readily move and reposition themselves on the mud surface (Fauchald and Jumars 1979,
Jumars e#l. 2014, Pagliosa 2005), and so could have easily moved away from my
covered plots or may have diddacoma petalumesponded to the disturbance by
emerging toward the sediment surface, a behavior observed previously in other bivalve
species when exposéal hypoxic conditions (Auffrey et al. 2004, Villnas et al. 2019).
Three weeks of hypoxic conditionsstdted in high mortality ol. petalumduring each
trial, as observed from the many dead shells upon removal of the tarps (personal
observation). Additioally, swimmingC. volutatorand other susceptible taxa regularly
sampled in the water column (thoughauch lower densities than observed vith
volutator) would also have been prevented from immigrating into the covered plots.
Some infaunal taxa, thelagively sessile deposit feeders, were able to partially
resist the experimental disturbance. Thestasit taxa varied between trials and sites, but
in general, included Ostracoda at Grande Anse, and Oligochaeta, Spionidae, and
Capitellidae at Pecks CovEhus, | categorized these taxa into the resistant functional
group (see also Fauchald & Jumas 197®p\Aet al. 1980, Whitlatch 1982). During the
threeweek disturbance implementation period (especially in 2018 when | was developing
my methods), the edgd the tarp sometimes became unburied, creair@pportunity
for colonization of the disturbed plot©ccasionally, resistant taxa Ostracoda and
Capitellidae opportunistically colonized the areas at those times and increased their
densitiesSomeCapitelidaetaxa includingHeteromastus filiformigthe capitellid

species occurring in the upper Bay ohBy mudflats) have been identified as
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opportunistic and resistant to disturbance and pollution (Pearson and Rosenberg 1978).
While Capitellidagndividualswereable to colonize my disturbed plots during the
disturbance period, they were not able to namtheir reléively high abundances once

the mudflat was rexposed to the water column. Capitellidae displayed opportunistic
characteristics, in that they appeared to be effective colonizers but not strong competitors;
| observed this early in the fielkason (May ahJune, Trials 1 and 3), but not later

the season (Trials 2 and. 4)was important to identify resistant taxa as they were the

initial occupants of disturbed areas and could potentially interact with later arrivals.

Overview of recolmization patterns in my experiment

Recolonization during my experiment was accomplished as taxa progressively
immigrated from the regional taxa pool into the disturbed plots and reflected the natural
spatiotemporal dynamics of the mudflat communities URtns of dltaxa sampled
during the experiment recovered toward natural densities (i.e., became similar to
controls) during the trials. There were no taxa that were excluded from (unable to
recolonize) the disturbed plots. Many taxa, includihgoluttor (discussd in more
detail below), Phyllodocidae, Nereididae, avidpetalum usually only reached similar
densities between treatment levels late in the recovery period (i.e., sampling days 35 and
56); Oligochaeta, Spionidae, and Capitellidae didsseell when tlkey were not able to
resist disturbancédacoma petalurlikely colonized disturbed plots from the water
column, and Phyllodocidae and Nereididae presumably used both swimming (or tidal
entrainment) and crawling to reach disturbed plots. Tteesewere noas abundant in

the water column &S. volutator,which likely contributed to their relatively slow
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recolonization times. Sessile taxa, when not able to completely resist disturbance, were
not typically present in the water column and likedgalonized thelisturbed plots by

being transported as part of bedloagwling on the mudflat surfacer burrowing

through the sedimenin past studies, colonization of disturbed intertidal mud and sand
flats occurred via the water column, sedimentazg,within sediment, and/or bedload
transport (Lundquist et al. 2008¢egrello Filho et al. 20Q6Thrush et al. 2008, Norkko et

al. 2010)

Natural spatiotemporal dynamics©f volutatoroften significantly influenced
recolonization community dynamicsiing my exgriment, especially at Pecks Cove.
WhenC. volutatorwere abundant at a site (like Pecks Cove), they rapidly colonized
disturbed plots. In the earliest seasonal trial (Trial 3 with a May startplutatorwere
at very low densities at botteBks Cove ath Grande Anse, and recolonization of
disturbed plots took longdinanit did during trials with high densésof C. volutator It
is likely thatC. volutatorcolonized the disturbed plots from the water column at high
tide, where they were alften presnt in high densities, and tended to do so in their
juvenile life stages (Bringloe et al. 2013). During a previous study in the upper Bay of
Fundy, Drolet and Barbeau (2012) found tBawvolutatorreadily immigratedsia the
water columrto smdl, disturbeal areas. Recolonization of disturbed plots occurred most
rapidly at Pecks Cove when start times were in-Juhe (Trials 1 and 2), coinciding
with C. volutatorreproduction. AdulC. volutatorthat colonized the disturbed plots did
S0 in similkr sex ratigroportions that occurred naturally. Qerousfemales did not tend
to recolonize disturbed plots until late in the trials and were either females that previously

colonized the plots and then becameagewus while occupying the plot, aolonzed the
49



plots while ovgerousfrom the water columiovigerous females were sampled in the
water column during my study and in the p&singloe et al. 2013). To summarize,
recolonization of disturbed mudflat areas during my experiment was accoetphs
multiple taxa and was significantly influenced ®yvolutatorwhen present in high

densities.

Evaluation of mechanisms of community succession for infauna in Bay of Fundy
mudflats

The recovery trajectory of a community after disturbance caigh#isantly
impacted by a sequence of local interactions between arriving organisms. These local
interactions may result ithe explicit replacement of early arriving taxa by later arrivals,
prevent colonization by later arriving individuals, or have fiecton recolonization
dynamics. Connell and Slatyer (1977) formalized models of community succession with
their discussion of successional mechanisms that describe the effect of early arriving
organisms on later ones, as described in the introductimy tfiesis. As a brief review,
for the inhibition mechanism, | expected communities in disturbed plots to be different at
the conclusion of every trial and different from controls. For the facilitation and tolerance
mechanisms of succession, | expected canities in disturbed plots to become more
similar to control plots through time, with contributing taxa to early or late dynamics
being similar during every trial. If recolonization occurred without the presence of the
above successional mechanisms, | etg@communities in disturbed plots to gradually

become more similar to controls through time reflecting immigration from the regional
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taxa pool, and | expected communities in control plots to also reflect the regional taxa
pool at the time.

Inhibition ocairs n ecological succession when there is a limited resource, most
commonly space in a marine environment, which the initial arriving species can secure
and inhibit later arrivals from also utilizié@onnolly and Muko 2003, Edwards and
Schreiber 2010Resuls from my experiment do not support the hypothesis posed by
Gerwing et al. (2016c) that infaunal community composition in the upper Bay of Fundy
mudfl ats is driven by a Afirst come, first
model of successn. Resistant and opportunistic taxa inhabiting the disturbed plots at the
beginning of the trials were unable to inhibit colonization by later arritFalisexample,
in the trials conducted earlier in the field season at Pecks Cove (Trials 3 andNlawith
and June starts), Capitellidae increased their density in plots during the disturbance
implementation period and were important community members early in the trials, but
were apparently unable to resist colonization of later arrivals and becamapes&t
community members as the trials progressed. In other ecosystems including vegetation,
rocky intertidal, and coral reef habitats, inhibition mechanisms have been identified as
influencing ecological succession (Farrell 1991, Chadwick and Morrow, 2@fynetti
and Chaneton 2012)lowever, intertidal mudflat ecosystems are not known for being
spacelimited due to their expansive size and thdg@ensional structure; so, it is not
surprising that resistant or early colonizing taxa failed to inhiket lativals.

Facilitation refers to enhanced colonization potential provided by early
successional species to later successional species (Connell and Slayter 1977). Organisms

can facilitate the arrival of others by providing nutrition to later arrivalsyadfying the
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environment (e.g., the sediment) to suit other taxa(B&Steven 1991, Bertness 1991).
Facilitation is usually necessadiigr environments with harsh environmental conditions
that must be ameliorated prior to colonization of many taxah({dkt et al. 2014).
Results of my study do not suggest evidence of facilitation by particular taxa. While it is
possible that recolonization of the disturbed plots would not have occurred without the
presence of resistant taxa, Drolet et al. (2013) fabhatC. volutatorwere able to readily
colonize completely azoic muBecolonization dynamics varied spatiotemporally during
my experiment and did not depend on the arrival of a certain taxon to be sucéessful
exampleC. volutatorwere the primary dversof recolonization and initial arrivals to
disturbed plots at Pecks Cove during the trials initiated in the summer (Trials 1, 2, and 4)
but not during the spring (Trial 3), or at Grande Anse during anyRe&adolonization
successfully occurred dugread trial regardless of the initial colonizeidowever,
certain taxa sometimes did not colonize plots until late in the trials (Phyllodocidae,
NereididaeM. petalun); it is possible that these taxa were slow colonizers as a result of
waiting for ameloratad environmental conditions prior to colonizing, and not as a result
of having relatively low regional densities as | presumed. To develop a more complete
understanding of facilitation during my experiment, sediment properties could be
analyzed to deteninewhether colonization by certain taxa was correlated with specific
habitat conditions.

The tolerance mechanism of succession occurs when early arriving organisms
have neither a positive (facilitation) nor negative (inhibition) effect on &aterals, ad
species that are tolerant of existing conditions accumulate ove(Gomaell and Slatyer

1977, Farrell 1991). Tolerance may be i
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(Pickett et al. 1987). Passive tolerance occurs when communifyasition rélects the
species6 ability to tolerate harsh ecol ogi
organism activity is low and competition between species is rare. Active tolerance occurs
when community composition develops to reflect the taxiaaiteathe sbngest

competitors. In this scenario, the taxa that initially colonize available habitat areas are
unimportant as they will eventually be replaced by superior compeiitthran existing
conditions are harsh, passive tolerance occurs and coityroampositon reflects taxa

that are able to merely survive in the habitat speosvever, when existing oditions

are benign, active tolerance occurs and community composition eventually reflects the
strongest competing tax my experiment, all taxaere tolerat of natural

environmental conditions since they naturally occupied the area in surrounding areas and
prior to disturbanceRPassive tolerance was clearly on display during the disturbance
implementation period when environmental conditiongemi@tated as result of the tarp
method and only certain taxa were capable of resisting the distur@dmese resistant

taxa became dominant community members during this time as a result of their tolerant
life-history strategies, and not as a resutheir supemr competitive abilitiesActive

tolerance, or species replacement as a result of superior competitive ability, did not occur
during my experimentPresumed superior competitors existed in the habitat space with
presumed weak competitors; i.ene did noteplace the other. It was also common for
presumed competitive tax@ (volutatorand Spionidae) to both occupy similar habitat

areas without seeming to compete. Since clear species replacements did not occur, many
taxa that were important canunity membes early in the trials were also important late

in the trials. For the tolerance mechanism of succession, it does not matter which taxa
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initially occupy the habitat spaces as they do not affect the ability of other taxa to
colonize.Tolerance \as clearly grocess in my experiment but did not seemingly affect
recolonization dynamics during the trials

Discrete successional stages have been previously reported difficult to identify in
soft sediment ecosystems (Thrush et al. 2008)ing my expement, thee was little
evidence of ecological succession as it occurs in terrestrial and rocky intertidal
ecosystemdn the other ecosysten(i®rrestrial, rocky intertidal)succession usually
involves the explicit replacement of early colonizing taxa by latevassiand
successional mechanisms describe the nature of the interactions that occur between them.
Initial occupants of the habitat spaces did not seem to intobitacilitate the arrival of
other taxa during my experiment, and tolerant taxa did not etamwath and replace one
another. Local taxa interactions may not have played a significant role in my experiment
because (i) there were ample available resounchsding nutrients and space that could
not be monopolized by a particular taxon, (ii) th&twtbance effect resembled a natural
one and did not alter the sediment properties to a condition requiring amelioration before
certain taxa could colonize, and)(ample spaceninimized effects of predation and
competition. If local taxa interactionsewe not important during community succession,

then maybe the regional taxa pool was.

Are regional taxa pools influential on infaunal community composition in theupper
Bay of Fundy?
The regional taxa pool may be the primary driver of Wiglocal infaunal

community composition of mudflats in the upper Bay of Fundy varies spafidlly
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seems to be the case too for recently studied mudflats at north tempétatedan the
Pacific coast of Canada (British Columbia; Gerwing et al. 2017, CampbelR2&#sl). It
is becoming increasingly clear that while local taxa interactions may havessral@land
shortterm effects on community composition (e.g., Hamikbmal. 2006, Cheverie et al.
2014), they are not primarily responsible for broader spatjmteshtrends in infaunal
community composition ithe Bay of Fundy mudflats (Gerwing et al. 2016c). My
experiment demonstrated that local interactions betweenizoig taxa did not have an
effect on community composition after disturbance; however ténetsne of the trial
and the natural dynamics at the time didisturbed local community recovered to
natural mudflat composition as taxa progressively enedratto the plots from the
surrounding areas, or the regional taxa pool, without eviderniogeofctions among taxa
Evidence for the regional taxa pool being the primary driver of recolonization dynamics
during my experiment was that disturbed commusitiecame more similar to controls
through the trials, and control plots varied temporally.

At a relatively large scale, over the whole of the upper Bay of Fundy (in New
Brunswick and Nova Scotia), mudflat communities show differences in diversity
(Gerwinget al. 2015a), which may reflect differences in the regional taxa pool. It is
possible thathe sites included in my experiment, Grande Anse and Pecks Cove, (which
are within Shepody Bay and Cumberland Basin, respectively) are truly different regions,
semrated by dispersal barriers driven by water currents and landscape features. This is
not clear because my two sites are geographically close (both within Chignecto Bay), and
exposed to the same strong tidal currents, which mixes the water column (Einfeldt

Addison 2013). Of interest and to put in context with other intertidal mudflats elsewhere,
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the diversity of upper Bay of Fundy mudflat communities is relatively low compared to
lower latitudes (e.g., Jayaraj et al. 2008, Kundu et al. 2009, 2§18 and likely
bounded by severe winter conditions that prevent mass proliferation and spesfiatio
taxa (Fischer 1960). Also, Atlantic Canadian mudflats tend to be relatively young
ecosystems as a result of recent glaciation events, and have lower diharsityder
ecosystems since thereshmot been as much time for speciation to occur (Coamell
Harrison 2014, Schluter 2015). Thus, mudflats in different regions of the upper Bay of
Fundy have infaunal communities consisting of similar, and relatiegly invertebrate
taxa, but their composition may still vary among regions as a result efrstgparriers
(i.e., differences in their regional taxa pool)

Mudflat community composition in the upper Bay of Fundy also varies spatially
on the scale of indidual mudflats, not only among regions (Gerwing et al. 2015a). Local
variation in communitiesan be primarily driven by stochastic colonization from the
regional taxa pool and subsequent sraadlle local interactions (Maignien et al. 2014).
Movement thragh the high tide water column is an effective and s#iornal means of
short and longrange dispersal for infaunal invertebrates (Drolet et al.2009a, Drolet et al.
2012b, Bringloe et al. 2013). Furthermore, with the tidal currents in the upper Bay of
Fundy being strong, many invertebrates are unable to reposition themselves by
swimming, but rdter are entrained through the water coluamrhas been reported in
other areagPalmer 1984). These strong currents may prevent swimming invertebrates
from activel/ selecting habitat spaces, and community structuring of mudflat areas may
be a result of stthastic colonization from the regional taxa p@alring my experiment,

the colonization ability of members of the regional taxa pool was influenced by their
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abundnce in the water and dispersal ability. Results from my experiment demonstrated
that local ommunity composition varied from the regional taxa pool on a-$&ort

basis (days), but was significantly influenced by it on a lotgen basis (weeks and
monts). Overall, aspects of the regional taxa pool may help expkspatiotemporal
variationof both local and regional diversity of infaunal communities.

The relationship between local diversity and regional diversity is often strongly
influenced by theéime since disturbance (Mquet et al. 2003). In temperate forests, local
species richnessas significantly affected by regional species pools soon after
disturbance but became more largely controlled by local interactions as the plots became
colonized ad matured (Belote et al. 2009). In this example, the regional species pool was
important aspecies immigrated into disturbed plots but became less important as habitat
space become occupied at which point local interactions became more important. Mudflat
invertebrate community members, unlike those in temperate forests, are highly mobile,
are na restricted by a root system, and are faced with strong water currents twice daily
that can cause them to disperse involuntakilydflat invertebrates (perhapsone so in
the Bay of Fundy compared to tidal flats in less hydrodynamic active regions)atay n
have time to establish communities to a point when local species interactions become
more influential than the regional taxa pool on their compositional canmunity
richness observed in my control plots did not tend to reach maximum total regional
richness (rather local richness was, on average, less than half that of total regional
richness) and varied temporally, suggesting that communities in Bay of Futlats
are subject to frequent reorganizatidn.summarize, frequent dispersal of infaunal

invertebrates may prevent succession from occurring in intertidal mudflat ecosystems as
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it does in others (including terrestrial and rocky intertidal ecosy$teessilting in
characteristics of the regional taxa pool being the primary driver of community

composition even after substantial time since disturbance.

Value of different start times for experiments

Generally, having multiple start times within an expemntal design provides
greater power to evaluate the significance of observed phenomenashidng
experiment. Experiments typically have a single start time due to logistical constraints.
Of the few studies | found in the scientific literature where ipleliexperimental start
times were used, there was a significant effetheéxperimental sirt time. Start time
was found taffect the experimental outcome in a study by Boudreau and Hamilton
(2012) investigatinghe seasonal variation of predationexfts on an intertidal mussel
bed. Predation effects on mussels differed between experim@tabeginning in the
spring and fall, driven by the migratory behavior of diving ducks (Boudreau and
Hamilton 2012). Experimental start time also affected spiplalga dynamics in a
seagrass ecosystem in a study by Whalen et al. (2013). Seasongrvariip-down
and bottorrup control of epiphytic algae was observed during the experiment, with
grazers being more important in the summer and nutrient addhiEging more important
in the fall (Whalen et al. 2013). These past studies demonstratedgbeance of using
multiple start times when conducting ecological experiments because outcomes can differ
because of theeasonal variation.

There was ndastingeffect of start time during my experiment despite significant

variation in the natural spatemporal dynamics of mudflat infauna. Infaunal community
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dynamics were affected by a variety of natural processes during my experiment including
species reprodu®e cycles, seasonal increases in epifaunal predation, seasonal weather
differences, and the mon phase (Peet al. 1986, Hicklin 1987, Barbeagt al.2009,

Drolet and Barbeau 2012, Gerwiagal. 2015b) Disturbed mudflat communities became
similar to cantrols through time and there was no evidence of local taxa interactions (e.g.,
facilitation a competition) during any of the four start times of my experiméafiiile the
general outcome of my experiment did not change across trials, the rate and eain tax
during recovery varied in response to changing natural spatiotemporal dynamics.
Disturbed conmunities became similar to controls (which varied across trials and sites)
as a result of continued immigration from the regional taxa pool throughout theamnidls
there was no apparent effect of 4gwn or bottorrup controls. Conducting my
experimenwith multiple start times and receiving the same experimental outcome at
each time enabled me to evalutitedriving forces behindherecolonization of infaurla
mudflat communities more confidentigecent studies, including my own, demonstrate

the needor researchers to consider temporal scale and experimental start time when
planning and executing manipulative experiments, as they may or may not significantly

impact the outcome of an experiment.

Study limitations, recommendations, and future researc

For my manipulative field experiment, | created realistic disturbance effects on
local mudflat areas and observed recolonization dynamics, but also dealt with limitations,
especially that of spatiakale. Field experiments addressing spatial and teinpora

processes hawaanylogistic challenges, including the spatial and temporal grain and
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extent of the experiment, frequency of sampling, and components of the ecosystem to be
sampledThe spatial scalis known to affect our perception of ecological preess
(Gardner et al. 2001, Fraschetti et al. 20@5d how infaunal invertebrates respond to a
disturbance can depend on its siderkko et al. 2006, Norkko et al. 2010 he size of
disturbance | cdd create was limited by the size of tarp my assistamts| could
physically handle while in the field. While the disturbance created in my experimaent w
largefor a personit was still very small at thextentof an entire mudflat. Thus, while
certainpatterns have been observed atekientof an entiremudflat [e.g., community
shifts fromC. volutatorto sessile polychaete taxa observed by Gerwing et al. (2015a) and
reduction inC. volutatorand total infaunal biomass at Grande Anse observed by
Sheerd et al. (1995)),did not observe any evidenceafmmunity shifts after
disturbance at thgrainof my experiment

My ability to draw broad conclusions was also limited by the number of mudflats
used, duration of experimental trials, and frequerdayater column sampling. | used
only two mudflats; usig at least two additional mudflat sites, one in the Shepody Bay
and the other in the Chignecto Bay, would facilitate an assessment of possible regional
effects on recolonization dynamics. To increas®ling frequency and/or duration of a
trial, 1 would suggest reducing the size of each sampling cell to 25 cm x 25 cm (from 33
cm x 33 cm) to accommodate a total of 32 sampling cells instead of only 18, but | would
not suggest increasing the size of tiutbance area. This would allow 16 sampling
days petrial (instead of 9 days, not including the disturbance implementation day). In
my study, | sampled for approximately two months after the disturbance period, and in

some instances it took that long filisturbed plots to recover. More frequent and longer
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sampling would enablemore detailed analysis of longerm natural mudflat dynamics

and how they affect recolonization dynamics, the ability of recovered communities to
persist, and if local interions become more influential on community composiien

time passed. It would also be beneficial to increase the frequency of water column
samplingand collect samples using bedload traps secured to the base of the plankton net
where the water column msdhe mudflatideally, water columand bedloadampés

should be collected for every infaunal sample, batraitnimum on at least one occasion
every week for the duration of the mudflat sampling, and as close to mudflat sampling as
possible. | recommend including multiple water coluamad bedloadamplingdays on

the first seven days of the trials to better capthe importance of dispersal via the water
columnand bedloador recolonization. Collecting more water columumd bedload

samples on days of infaunal sampling would increase the investigative pbthe
multivariate correlation tests conducted to corepafaunal and water column

communities.

As mentioned in the introduction, my thesis experiment was designed to primarily
assess the importance of the inhibition mechanism of succession on gitynmu
composition in the upper Bay of Fundy mudflats, sitmi® was the only scenario where |
predicted final community composition to be different in disturbed plots in controls. It
was more difficult for me to assess the facilitation or tolerance motisigcession for
which | predictedhefinal community corposition to be similar to controls. To
understand the roles of facilitation and tolerance more fully, | suggest that future
experiments be conducted. To evaluate facilitation, one could use tadasts Coffin

et al. (2012) and Drolet et al. (2013) asweved, azoic mud to create experimental units.
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Certain densities and taxa of potentially facilitating organisms could be added or withheld
from the experimental units to assess the role of fatdn. Similar experimental units
and methods could be us® also evaluate competition in mudflat ecosystems.

My research has helped advance understanding of what drives mudflat
community composition in the upper Bay of Fundy and clarified what teps$ should
or could be done. | recommend that researat@mnsider regional taxa pools when
studying mudflat community composition. Dispersal capabilities and barriers between
mudflats should be studied to better understand regional diversity in theBgypef
Fundy. Many mudflat invertebrate taxa disperseirgauthe water column at high tide
and even travel between mudflats while drifting through the water colliaal. currents
in the upper Bay of Fundy are strong and understanding how thesecairenlate
could shed light othedispersal capabilitiesf mudflat invertebrates and boundaries of
regional taxa pools

Additional future work that could aid in the understanding of mudflat community
dynamics in the upper Bay of Fundy is to expandumaterstanding of functional
groupings. The functional grps used in my experiment were few, simple, and directly
related to my disturbance experiment. In other parts of the world (e.g., New Zealand),
detailed functional groupsf mudflat infauna have bealefined that magpplyto
mudflat taxa otheupper Bay 6Fundy (Greenfield et al. 2016, Drylie 2019). By
applying these known functional groupghe upper Bay of Fundy taxa, we will be able
to compare this mudflat system more broadly to others arnengorld.

The implementation and monitoring of my tdikbance experiment also included

manyof complementary types of samples to study the mudflat ecosystem more wholly.
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Many of these samples still need to be processed orzadalyhey include sediemt

samples to quantify water content, organic matterigadize, and chlorophyd to
understand environmental variables influencing the infaunal community (Appendix A,
Kelaher et al. 2001); samples for meiofauna to assess smaller infauna thatemaay int

with macrofauna or serve as a food source, with asfe€ foraminifera (Tietjen 1969,
Watzin 1983); evidence of epifaunal predation which may affect organism behavior
(MacDonaldet al.2014); and infaunal biomasses to complement densities (AppEndix
Mudflat surface cores (2 mm thickness) werealsodollead t o exami ne t he &
dynamics (evaluated using chlorophgjla proxy for diatom abundance) and its
macromolecular content (specifically, proteins and carbohydrates) since biofilm is at the
base of the mudflat food web (M. Mogle, in preparatiors well, sediment samples for
environmental DNA were collected (at 0, 1, 4, and 7 cm depth) to examine the recovery
dynamics of microbial eukaryotes following disturbance (Kalu 2020), and theséesamp
are currently being processed using metabarcodingdk, i preparation). This rich
assemblage of samples and data should be continued to be processed aed &maig

in the development of a more thorough understanding of local interactioreseipetw
infaunal invertebrates, other biota, and their envirennafter disturbance on the

expansive mudflats in the upper Bay of Fundy.

Conclusion
My findings suggested that local taxa interactions after disturbance do not
influence infaunal community ogposition on the mudflats in the upper Bay of Fundy.

Disturbed mudflat areas were colonized by invertebrates from the regional taxa pool,
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which did notappear tanhibit, facilitate, or compete with other invertebrate colonizers.
Through time, disturbed pis gradually became similar to natural mudflat sieantrol
plots). My experiment was enhanced by including multiple start times (i.e., trials) to
explore the influence of natural seasonal dynamics on recolonization and strehgthen
evaluation of diférent possible underlying successional mechani8ittsough patterns
of recolonization differed among trials, they were related to natural spatiotemporal
dynamics of invertebrate communities in the mud and in the water column at the time of
the trials However, despite these differences in starting conitand initial
recolonization, | found that in all cases the disturbed plots converged with controls. This
means thatmechanisms of recolonization following disturbance were independent of
starting condibns and consistent over time

| proposed that infaenal community dynamics on mudflats in the upper Bay of
Fundy are more strongly influenced by regional taxa pools and disgfeasahey are by
local interactions between taxa, and that variation in locaiflat community
composition is primarily driveby stochastic colonization from the regional taxa pool
Future research on mudflat community composition should focus on conducting deeper
investigations into potential facilitation or competition betwerrflat infauna and
defining mudflat regions wheradividual sites form a metacommunity connected by
dispersal. Research on directions of water currents and dispersal barriers throughout the
upper Bay of Fundy will aid in defining regional boundaries.

My research is significant becausadtvances our collective understanding of
factors influencing mudflat community composition. In the past, understanding of marine

softsediment communities has been based primarily on paradigms related to terrestrial
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androcky intertidal habitats, where bio interactions substantially affect community
structure (Wilson 1991). In sefiediment communities, evidence is accumulating that
biotic interactions play less important roles in community structuring (Gerwing et al.
2016¢, Gerwing et al. 2017). Impralanderstanding of mudflat communities enhances a
knowledge base regarding migratory shorebird populations and fisheries, as infaunal
mudflat communities play a critical role at the base of food webs in the Bay of koddy

elsewhere (Bertness 2007, Hick& Smith 1984, Nybakken & Bertness 2005).
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Tables

Tablel. Dates of infaunal sampling as part of four trials of a disturbance experiment at two mudflats (Granéeéks€Eove)
during 2018 and 2019. A De p Histupbancareatheniji.es, the¢ tarp), tafteewhidheghere wag-dneee t o f
week treatmenimplementation period prior to pedisturbance samplindgostdisturbance samplingegan onampling day 0O

(indicated inbold because this is the date that define&@§ aftercompletion of thelisturbance This sampling continued on day 1,

day?2, day4, week 1 week 2 week 3 week 5, and week 8 pedisturbancen = 12 infaunaamples collged in disturbed anith

control plots on each sampling dagtéling24 sampleper day per sije However, a total 023 samples were missin§indicatesone
missingsamplefor control plos and® indicates one missingamplefor disturbed plots* indicates data included in timeultivariate
correlation RELATE) tests.

Site Year Trial Sampling day
Deploy 0 1 2 4 7 14 21 35 56

- Grande 2018 1 16 May 5 Jun* 6 Jun 7 Jun 9 Jun 12 Jun* 19Jun 26 Jun 10 Jut* 31 Jul*
~ Anse 2 28 Jun 20 Jul 21 Jul 22 Jul 24 Jut? 27 Jul 3Aug® 10 Aug? 24 Aug 14 Sep
2019 3 2 May 25 May* 26 May 27 May 29 May 1 Jun 8 Jun 15 Jun 29 Jun 20 Jul

4 29 Jul 19 Aug®®* 20 Aug* 21 Aug* 23 Audg* 26 Aug* 2 Sep 9Sep 23 Sep* 14 Oct

Pecks 2018 1 15 May 8 Jun® 9 Jund 10 Jud 12 Jun*  15Jurf 22 Jun 29 Jun 13 Jul* 3 Aug*
Cove 2 27 Jufi 17 Jul* 18 Jul 19 Jul 21 Jul 24Jul 31Jul 7 Aug 21 Aug 12 Sep
2019 3 1 May? 20 May* 21 May* 22May 24May 27May 3Jun  10Jun 24 Jun  15Jul

4 30 Jul 22 Aug* 23 Aug* 24 Aug* 26 Aug* 29 Aug 5Sep 12Sep 26 Sep* 18 Oct




Table2. Dates when samplintpe water column during high tige nighttime(using
plankton netspccurredat the Grande Anse and Pecks Cove mudflats as part of the
disturbance experiment indicates one missinget sampl®n a sampling daga total of
8 samples were missing)indicatesdata included in theultivariate correlation
(RELATE) tests

Date Site

3 June 2018 Grande Anse & Pecks Cove
4 June 2018 Grande Anse* & Pecks Cove
13 June 2018 Grande Anse* & Pecks Cove*
14 June 2018 Grande Ansé & Pecks Cove
18 June 2018 Grande Anse & Pecks Cove
3 July 2018 Grande Anse & Pecks Cove
12 July2018 Grande Anse* & Pecks Cove*
16 July 2018 Grande Anse & Pecks @¢"
17 July 2018 Grande Anse & Pecks Cove*
31 July 2018 Grande Anse* & Pecks Cove*

20 May 2019 Pecks Cove*
21 May 2019 Pecks Cove*
25 May 2019 Grande Anse*
2 July 2019 GrandeAnse & Pecks Cove
3 July 2019 Grande Ansé & Pecks Cove
4 July 2019 Granc Anse & Pecks Cove
19 August 2019 Grande Anse*
20 August 2019 Grande Anse*
21 August 2019 Grande Anse*

22 August 2019  Grande Ans@ & Pecks Cove*
23 August 2019 Grande Ans& & Pecks Cove*
24 August 2019 Grande Anse & Pecks Cove*
25 August 2019 Grarde Anse & Pecks Cove
26 August 2019  Grande Anse* & Pecks Cove*
27 August 2019 Grande Anse & Pecks Cove
28 August 2019  Grande AnsB& Pecks Cove
27 September 201' GrandeAnse" & Pecks Cove*
28 September 201  Grande Ans@ & Pecks Cove
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Table3. Structure of the PERMANOVA tests used to analyze the effect of the
disturbancdreatmentand recolonization dynamics of invertebrate communities and
Corophium volutatopopulationsn the mudflatat Grande Ansand Pecks Coveuring
thefield experiment in 201i8019. Sites and trials were analyzed separately due to
significant four and threeway interactions when analyzed together. MS = mean square.

Test Source of Variation Effect Denominator
Type of pseudeF
ratio

Complete Site§ Fixed MSy(sT)

dataset Trial T Fixed MSy(sT)
Treatmenti, Fixed MSaLsT)
Day D, Fixed MSDL(ST)
Site x TrialST; Fixed MSi(sm)
Site x TreatmenBA« Fixed MSaLsT
Site x DaySD; Fixed MSpi(sT)
Trial x Treatmeni;Ax Fixed MSaLsT
Trial x DayT,-D| Fixed MSDL(ST)
Treatment x Day\D, Fixed MSabLsT)
Site x Trial x Treatmen§T;A« Fixed MSaLsT)
Site x Trial x DayST;D, Fixed MSpL (s
Site x Treatment x DagAD; Fixed MSabLsT)
Site x Trial x Treatment x DaST;AD, Fixed MSabL(sT)
Location(Site x Trial)Lm(ST,) Random MSe
Treatment x Location(Site x TriaBx Lm(ST;) Random MSe
Day x Location(Site x Trialp|Ln(ST;) Random MSe
Treatment x Day x Location (Site x TrighkDiLm(ST;) Random MSe
Error engikim) Randan

Individual Trial T; Fixed MS.m

sites Treatmenty Fixed MSaLm
Day Dk Fixed MSbL(m
Trial x Treatmenil; A Fixed MSaim
Trial x Day TiDk Fixed MSpLm
Treatment x Day\Dk Fixed MSabLm)
Location(Trial) Li(T;) Random MSe
Treatment X.ocation(Trial) AL(T:) Random MSe
Day x Location(Trial)DkLi(T;) Random MSe
Treatment x Day x Location (Triah;D«Li(Ti) Random MSe
Error emi) Random

Individual Treatmenty Fixed MSaL

sites & trials  Day D; Fixed MSpL
Treatment x DayAD; Fixed MSapL
Location Lk Random MS.
Treatment x LocatiodL; Random MS.
Day x LocationDjL Random MS.
Treatment x Day x LocatioADjLk Random MSe
Error e Random
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Table4. PERMANOVA results investigating vdther themudflatinvertebrate

communities varied through space, time, and experimental treaah@ra#nde Anse and
Pecks Cove before and after disturbance during four trials in 2018 and 2019. Taxa
densities were fourthoot transformed prior to analys&ignificant and interpretable-
values of fixed effects are in bold. Multiple comparisons were conducted to determine if
treatmentevels (disturbed, control) varied before and after disturbance. In the table
header, MS amean squardNumber of unique penutations = 97B8999.Negativet-

values were replaced with(See explanation in methods, K.R. Clarke, personal
communication with M. A. Barbeauyites are analyzed separately due to significant
threeway interactions when analyzed together (AppediXable E.1).

Site, Source of variation df MS Pseudo P Multiple t P
Trial F comparisons
Grande Trial 3 14820 20.492 0.001
Anse, Treatment 1 12494 19.396 0.001
1i 4 Day 1 13041 17.024 0.001
Trial*Treatment 3 954.11 1.4812 0.146
Trial*Day 3 29114 3.8006 0.001
Treatment*Day 1 17754 22.281 0.001
Deploy 0.725 0.700
Day 0 6.012 0.001
Trial*Treatment*Day 3 1010.3 1.2679 0.272
Location(Trial) 20 72321 1.0813 0.033
Treatment*Location(Trial) 20 644.16 0.9631 0.5
Day*Location(Trial) 20 766.05 1.1453 0.246
Treatment*Day*Location(Trial) 20 769.83 1.1914 0.180
Error 91 668.84
Pecks Trial 3 8321.6 7.7823 0.001
Cove, Treatment 1 9896.6 10.9 0.001
1i 4 Day 1 12575 10.461 0.001
Trial*Treatment 3 2232.1 2.4584 0.008
Trial*Day 3 3100.8 25795 0.012
Treatment*Day 1 9220.1 13.16 0.001
Trial*Treatment*Day 3 1828.2 2.6095 0.016
Location(Trial) 20 1069.3 1.383 0.036
Treatment*Location(Trial) 20 907.95 1.1743 0.184
Day*Location(Trial) 20 1202.1 1.5547 0.009
Treatment*Day*Location(Trial) 20 700.61 0.9061 0.678
Error 91 773.19
1 Treatment 1 3547.6 2.4783 0.080
Day 1 7506.1 3.7072 0.049
Treatment*Day 1 35245 3.6904 0.048
Deploy 0 -
Day 0 2.658 0.019
Location 5 11809 0.8646 0.611
Treatment*Location 5 14315 1.0481 0414
Day*Location 5 2024.7 1.4824 0.145
Treatment*Day*Location 5 955.03 0.6992 0.778
Error 24 1365.8
2 Treatment 1 34164 12.882 0.0
Day 1 26914 10.504 0.015
Treatment*Day 1 3897.1 6.8501 0.011
Deploy 0.306 0.950
Day 0 3.574 0.005
Location 5 797.17 35696 0.001
Treatment*Location 5 265.2 1.1875 0.370
Day*Location 5 256.24 1.1474 0.339
Treament*Day*Location 5 568.91 2.5475 0.019
Error 23 223.32
3 Treatment 1 44245 2.6723 0.055
Day 1 75944 37288 0.023
Treatment*Day 1 2857.8 3.1356 0.069
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Deploy 0.695 0.739
Day 0 2.102 0.037

Location 5 1628.5 1.3901 0.192

Treatment*Location 5 1655.7 1.4132 0.149

Day*Location 5 2036.7 1.7384 0.054

Treatment*Day*Location 5 911.41 0.7779 0.697

Error 20 11716

Treatment 1 5204.3 18.623 0.004

Day 1 40854 8.326 0.009

Treatment*Day 1 44255 12.056 0.003
Deploy 0.605 0.613
Day 0 4.440 0.004

Location 5 670.62 2.0195 0.017

Treatment*Location 5 279.46 0.8415 0.678

Day*Location 5 490.68 1.4776 0.124

Treatment*Day*Location 5 367.09 1.1055 0.382

Error 24 33207
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Table5. Summary of SIMPER results investigating the contributions of individual taxa to differences between infaunal communities
sampled in control and disturbed plots during the four trials in 2018 and 2019 at GraedendiPecks Cove. For the sampling days
ng each tr
average dissimilarity (in percent) between control and disturbed plots on a gixeand the remaining numbers represeat th
contribution (in percent) of individual taxa to that total average dissimilarity. Bolded Avg. diss. values represenhdagsificant
differences between treatment levels detected by the PERMANOVA mulbipipazison tests (see Tables 4 and 9)ptesents
when the discriminating level (average dissimilarity of a taxon/SD of its dissimilarities) > 1.0. See Appératies.1 andF.2, for
full SIMPER tables.

dur i

Z8

a l

fi Do

represents

t he

di

sturbance

totalp | e ment at

Site, Taxon Sampling day
Trial D 0 1 2 4 7 14 21 35 56
Grande Avg.diss. (%)  41.37 48.64 4715 5291 4720 3921 4188 3944 3015  31.39
ANSe, ¢ volutator 1527+  23.85¢ 2510 22.35* 19.33* 23.06* 2587* 31.60* 23.65  11.93*
1 Oligochaeta 15.72 16.38 1570  18.84* 10.16* 1534* 17.75¢* 17.79 2218  15.06
Spionidae 2074*  16.24*  1854* 1585 23.19* 17.23* 1544* 396  14.83  21.72*
Phyllodocidae  3.43 10.25 1099 1140  15.02¢ 1220* 19.04* 21.20¢ 17.88*  10.92*
Ostracoda 20.79 14.46*  13.55¢ 2574* 1355* 1355 15.10¢ 17.88* 1526*  14.56
M. petalum 4.59 4.68 330 000 338 381 0.0 193 046  11.48
2 “Avg. diss. (%) 2821 47.86 4723 5721 4634 3921  37.85 3271 2904  29.60
C. volutator 30.98* 7.64 3.14 762 911  11.20¢ 16.82¢ 1037*  2.47 431
Oligochaeta 20.15¢  32.09¢  37.11* 34.18* 2837+ 22.36* 1118 879¢  1524* 18.31*
Spionidae 15.32* 17.13 18.78* 1530 15.30¢ 28.46* 20.32* 22.06* 10.88* 22.79*
Phyllodocidae  13.03 1448  18.14* 1670 14.82* 1580 16.82* 1599* 12.15*  15.35*
Ostracoda 7.93* 1325*  13.59¢  10.49*  12.00 1050 1329*  19.43* 29.26*  21.10*
M. petalum 3.52 3.39 452 274 456 853  11.48* 13.22¢ 10.74* 1394
3 Avg.diss. (%) 3301 52.32 5449 6144 4382 4416 4490 4574 3438  21.55
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C. volutator 16.92* 10.42 13.21 13.42 13.28 18.90* 21.03* 18.86* 24.13* 10.46*
Oligochaeta 22.13* 1351 16.36* 16.78* 21.40 25.86* 14.37 19.45* 14.20* 17.36*
Spionidae 17.18* 19.86* 21.24* 26.47* 24.46* 18.00* 18.00* 15.90* 14.68* 17.92*
Phyllodocidae 9.77 9.70 7.94* 13.91* 10.73 7.28 7.28 5.80 13.31* 14.50*
Ostracoda 11.89* 21.93 28.23* 18.66* 16.39* 18.00* 16.48* 17.43 9.71* 11.08*
M. petalum 12.61 13.67* 3.97 9.22 13.75 8.55 3.70 9.62 8.69 6.03
4 Avg diss. (%) 21.00 57.81 53.81 59.29 53.61 55.97 42.97 50.93 32.07 20.16
C. volutator 21.34* 16.25* 14.41* 16.11* 13.55* 9.70 25.75* 19.52* 23.00* 17.79*
Oligochaeta 12.85* 290.42* 29.92* 28.81* 21.95* 29.83* 11.94* 16.52 10.49 20.09*
Spionidae 12.37 18.18* 22.65* 22.95* 21.60* 23.51* 26.20* 25.64* 28.09* 13.57*
Phyllodocidae 11.07 17.10* 14.85* 10.21* 13.95* 12.48 12.34* 8.68* 9.84* 13.91*
Ostracoda 18.86 11.02 10.43* 6.50* 11.96 18.52 8.17* 14.54 7.15 8.05
M. petalum 2.01 0.00 0.00 4.63 8.59 1.48 4.99 7.29 10.54* 15.41~
Pecks  Avg diss. (%) 40.48 59.73 32.61 40.56 40.90 35.42 29.53 34.82 23.78 23.19
Cove, C. volutaor 10.59* 27.37* 27.82* 2747  30.64* 26.74* 19.52* 28.67 9.65* 7.65*
1 Oligochaeta 36.26 32.17* 13.03* 17.48 18.11 17.70 24.74 25.48 20.95 17.50*
Spionidae 15.01 12.61* 17.34* 17.45* 12.31* 14.52* 16.48* 8.10 20.62* 24.51*
Capitellidae 12.40* 10.48* 14.55* 11.57* 9.84 12.57 11.91 14.29* 14.84* 16.47*
Nereididae 11.03 5.46 14.34 12.40~* 15.94* 16.48* 17.24* 12.97* 17.84~* 15.23*
Phyllodocidae 1.58 5.14 1.71 0.00 4.04 5.72 6.16 4.27 6.84 12.18
2 Avg diss. (%) 19.14 44.36 34.48 29.00 26.67 28.96 26.23 29.64 27.08 29.38
C. volutator 22.02* 40.33* 33.01* 23.92* 18.83* 12.72* 12.14* 28.04 5.93* 7.27*
Oligochaeta 10.25* 17.30* 20.44* 27.14*  34.87* 24.55* 30.62* 35.19* 37.12* 19.24*
Spionidae 22.05* 14.67* 14.06 11.64 13.82 11.38 12.94 11.43 17.75 3.13
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Capitellidae 18.19* 13.30* 8.52 18.60* 8.91 14.32* 15.24 13.51 10.73 5.19
Nereididae 15.35* 5.68 15.21 16.12 17.23*  21.55* 15.86 9.33 19.12~* 19.24
Phyllodocidae 4.87 6.02 4.98 2.58 2.23 7.83 8.86 2.50 2.67 15.86
Avg diss. (%) 44.98 58.32 48.07 46.70 35.53 33.84 39.52 30.33 24.65 24,57
C. volutator 13.37 27.79* 24.92*  22.82* 24.37* 24.63* 24.21* 19.21* 12.96*  23.34*
Oligochaeta 34.42* 28.36* 30.38* 29.35*  28.68* 30.54 32.76*  27.54* 14.34*  48.32*
Spionidae 11.29 8.64 10.17 11.19 12.28 12.61 12.78 16.08 9.74 12.26
Capitellidae 1.94 12.05* 7.76 13.63* 8.31 11.74 6.17 8.12 12.59 5.94
Nereididae 9.66 9.18 13.51 11.48 10.18 6.66 11.48 10.21 14.34 0.00
M. petalum 8.55 5.57 3.12 3.40 6.95 5.85 4.07 10.49 10.02 0.00
Avg diss. (%) 16.14 50.72 35.25 46.92 44.59 30.19 19.83 22.73 31.07 22.60
C. volutator 15.30* 38.24* 42.07*  34.32* 26.71*  21.54* 8.68* 11.03* 19.25 7.35*
Oligochaeta 24.27* 26.49 17.95*  27.94*  30.02* 22.75* 27.13* 30.50* 30.52* 39.31*
Spionidae 13.09 12.19* 11.73 6.83 13.58* 18.92* 20.78 16.93 2.15 10.17
Capitellidae 3.65 6.05 0.00 4.75 1.36 4.85 0.00 6.27 6.45 6.33
Nereididae 26.51* 12.64* 19.54* 16.72* 15.52*  21.04* 36.23* 31.62* 23.10*  30.06*
Phyllodocidae 13.34 3.03 4.77 7.57 9.46 6.75 3.26 3.61 12.15 3.35




Table6. PERMANOVA results investigating whether t@erophium volutator
populationan the mudflatvaried through space, time, and experimental treatatent
Grande Anse and Pecks Cove before and after disturbance during the four 2Q4l8 in
and 2019Corophium volutatotife stage densities were fourth root transformed prior to
analyses. Significargnd interpretabl®-values of fixed effects are in bold font. Multiple
comparisons were conducted to determine if treatthegets (disturled, control) varied
before and after disturbance. In the table header, MS = mean.dquarker of unique
permutatios = 964 995Sites are analyzed separately due to significant-these
interactions when analyzed together (ApperigiXableE.1).

Site, Source of variation df MS Pseudo P Multiple t P
Trial -F comparisons
Grande  Trial 3 15390 9.0066 0.001
Anse, Treatment 1 9896.1 3.4759 0.039
1i 4 Day 1 50979 27.474 0.001
Trial*Treatment 3 1970.4 69207 0.712
Trial*Day 3 15086 8.13 0.001
Treatment*Day 1 11913 54765 0.009
Deploy 0.093 0.982
Day 0 2.936 0.002
Trial*Treatment*Day 3 1339.5 0.6158 0.738
Location(Trial) 20 1708.7 0.9225 0.622
Treatment*Location(Trial) 20 2847.3 1.5373 0.016
Day*Location(Tial) 20 18555 1.0018 0.447
Treatment*Day*Location(Trial) 20 21754 1.1745 0.203
Error 91 18521
Pecks Trial 3 26475  17.32 0.001
Cove, Treatment 1 33602 31.685 0.001
1i 4 Day 1 40603  3.532 0.001
Trial*Treatment 3 3825.1 36069 0.001
Trial*Day 3 7891.3 7.4888 0.001
Treatment*Day 1 34714 46.249 0.001
Trial*Treatment*Day 3 3809.5 5.0753 0.001
Location(Trial) 20 15286 2.3772 0.001
Treatment*Location(Trial) 20 1060.5 1.6492 0.007
Day*Location(Trial) 20 1053.8 1.6387 0.006
Treatment*Day*Location(Trial) 20  750.6 1.1673 0.232
Error 91 643.04
1 Treatment 1 12889 6.6587 0.019
Day 1 29575 18.51 0.003
Treatment*Day 1 13740 13.536 0.010
Deploy 1.283 0.256
Day 0 3.677 0.009
Location 5 3018.8 3.5531 0.001
Treatment*Location 5 1935.7 2.2782 0.006
Day*Location 5 1597.8 1.8806 0.041
Treatment*Day*Location 5 1015.1 1.1948 0.309
Error 24  849.63
2 Treatment 1 12211 17.696 0.005
Day 1 7935.2 1245 0.004
Treatment*Day 1 11143 15.295 0.003
Deploy 0.957 0.495
Day 0 5.265 0.002
Location 5
Treatment*Location 5 839.06 2.792 0.006
Day*Location 5 690.04 2.2961 0.020
Treatment*Day*Location 5 637.36 2.1208 0.039
Error 23 728,55 2.4243 0.024
3 Treatment 1 13109 10.106 0.008
Day 1 14836 13.624 0.003
Treatment*Day 1 13758 15.226  0.003
Deploy 0.708 0.570
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Day 0 3.795 0.004
Location 5 14547 2.3541 0.026
Treatment*Location 5 1297.1 2.099 0.055
Day*Location 5 1089 1.7622 0.126
Treatment*Day*Location 5 903.58 1.4622 0.190
Error 20 617.95
Treatment 1 6868.6 21.521  0.003
Day 1 11930 13.391 0.004
Treatment*Day 1 7501.6 21.122 0.001
Deploy 0.901 0.492
Day 0 4.806 0.004
Location 5 801.98 0.9974 0.444
Treatment*Location 5 319.16 0.3969 0.968
Day*Location 5 890.9 1.108 0.380
Treatment*Day*Location 5 355.15 0.4417 0.960
Error 24 804.04
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Table7. Summary of SIMPER results investigating the contribution of indivi@aabphium volutatolife stages to differences

between populations sampled in control and disturbed plots during the four trials during 2018 and 2019 at Grande Akse and Pec
Cowe. For the sampling days during each t rdaya(dee Table 1tfonexdctdlatesy. e pr e
Avg. diss. represents the total average dissimilarity (in percent) between control and disturbed plots on a givethdagnaaiding

numbers represent the contribution (in percent) of individual stages to thaavetalge dissimilarity. * represents when the

discriminating level (average dissimilarity of a stage/SD of its dissimilarities) > 1.0. Bolded Avg. dissrephesent days with

significant differences between treatment levels detected by the PERMANOWifalencomparison tests (Tables 6 and 10). See

AppendixF, TablesF.3, andF.4. for full SIMPER tables.

Site, Life stage Sampling Day
Trial D 0 1 2 4 7 14 21 35 56
Grande Avg. diss. (%) 83.44 86.24 8455 8946 8818 8518 8405 61.65 9442 8133
ANSe, 1 5mm 14.27 36.95% 36.01* 35.92* 4376  16.33* 30.99* 23.00 18.76*  66.78
L 1s525mm 0.00 38.24* 33.40* 42.97* 2635 43.09* 33.72* 2305 2856  9.38
© 2.54mm 5.94 9.57 1188 758 1312 2114 26.06* 2823 3044 1562
N Non-ovigerous Fem. 33.37 10.15 1414 1078 1312 1137 886 1695 1400 822
Male 29.85 0.00 2.85 1.37 3.57 2.67 036  6.59 584  0.00
Ovigerous Fem. 16.57 5.09 1.72 1.37 000 540  0.00 1.12 000  0.00
2 Avg. diss. (%) 69.86 100 100 9468 100 9122  87.95 8811 100 100
<1.5mm 20.95 7.03 000 5459+ 5948 1412 3300 20.88 100 0.00
1.52.5mm 25.40 5.59 50.00+ 1461 000  51.27* 32.37* 3546*  0.00  49.81*
2.54mm 25.96% 56.19% 000 1540 1543 1875 2255 1504 000 0.0
Non-ovigerous Fem. 17.29* 31.19 50.00+  0.00 000 230 663 2863 000  50.19%
Male 6.80 0.00 000 1540 2509+ 230 544 000 000 0.0
Ovigerous Fem. 0.00 0.00 000  0.00 000 1126 000 000 000  0.00
3 Avg. dis. (%) 78.83 95.39 9500 9629 9881  96.79 8106 7054  76.77 2953

<1.5mm 12.93 67.09* 28.83 0.00 21.12 33.79 57.72* 64.42* 23.39 17.51*



1.52.5mm 37.48 11.68 000 1176  17.39  0.00 744 2051  23.97*  16.39
2.54mm 31.33 0.00 5.20 4.21 000 2057 0.0 217  29.96*  15.59
Non-ovigerous Fem. 18.26 21.23 39.63 38.23* 1753 2570  3.73 7.37 967  20.28

Male 0.00 0.00 26.33 2467 2254 978 2509 145 1301 1574
Ovigerous Fem. 0.00 0.00 000 2113 2142 1016  6.02 4.08 0.00  14.49

4 Avg. diss. (%) 42.26 83.46 98.24 9473  81.90  96.76 8270 8594 638l  47.42

<1.5mm 21.67* 21.44* 40.42*  2426* 3847 3956  24.69* 29.48* 17.48%  21.46*

1.52.5mm 21.93* 28.67* 2531 2945 2254* 2566 2675 1405 23.14* 18.12*

2.54mm 15.46* 41.23* 2572 26.27* 2230+ 3478  26.01* 3279  20.46*  26.02*

Non-ovigerous Fem. 16.06 8.67 8.55 10.55* 15.30 0.00 13.37 15.71 14.41* 21.60*

Male 19.26* 0.00 0.00 4.62 1.39 0.00 9.18 7.98  1267%  12.79
Ovigerous Fem. 5.62 0.00 0.00 4.82 0.00 0.00 0.00 0.00 2.84 0.00

Pecks  Avg. diss. (%) 45.23 91.68 66.99 7418 7384 5092 3514 4060 1253  13.91

Cove, 1 5mm 7.94 38.02* 35.05% 33.00* 34.65% 30.54* 22.71* 2326 24.94* 14.62*

L 1s525mm 9.32 6.79 831 1337 1596* 1919 1576* 2128  13.46*  10.35%
2.54mm 17.89 1.46 1.49 0.00 6.91 530  14.92* 1635 15.94*  9.53*

Non-ovigerous Fem. 18.57 32.96* 25.83* 31.97* 2150 19.44* 20.46* 19.76*  18.09  13.22*

Male 24.43* 12.87* 13.79*  16.46* 12.74* 17.08* 1190 12.43* 27.58*  20.08*

Ovigerous Fem. 16.63 4.18 1553  4.20 7.10 846 1425 601 0.00  15.96*

2 Avg. diss. (%) 27.57 67.75 41.83 2331 2420 1781 1590  20.75 1252 1417

<1.5mm 19.75 27.41* 20.36* 18.79* 14.45* 1531* 17.67* 2310 14.10% 33.24*

1.52.5mm 17.45 16.86* 16.99  12.38* 17.40* 17.46* 12.11* 1890 13.97* 14.75*

2.5-4mm 19.42 23.32+ 17.57*  16.86* 19.93* 19.20* 15.26* 1923  9.88*  10.53*

Non-ovigerous Fem. 13.57* 19,59+ 2473  24.04* 22.66* 19.66* 2574* 1669  17.49*  16.26*

Male 13.44* 7.58 8.38  22.11* 19.93* 17.82* 24.87* 19.18* 26.49*  12.02*
Ovigerous Fem. 16.38* 4.43 7.01 3.76 1.64 2.04 4.35 0.00 0.00 0.00
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Avg. diss. (%) 20.81 86.24 69.31 67.84 53.23 42.32 48.29 31.32 21.07 14.99
<1.5mm 24.01* 7.72 8.47 1.67 6.22 2.62 12.26 36.08* 17.63* 23.34*
1.52.5mm 26.85* 9.14 2.61 1.72 4.50 6.46 3.54 0.00 17.98 17.23*
2.54mm 14.03* 16.90* 17.29*  13.92* 17.01* 19.22*  13.34* 11.63 21.30*  14.28*
Nonovigerous Fem. 15.43 31.41* 29.97* 29.08* 14.10* 22.69 22.20* 10.43* 12.46 14.13
Male 19.68 29.68* 24.15%  24.84*  25.14* 19.70 19.58* 20.89 15.10* 8.38

Ovigerots Fem. 0.00 5.15 16.29*  26.96* 33.03* 29.31*  29.08* 20.96 1553  22.63*
Avg. diss. (%) 10.98 69.82 49.03 56.43 43.89 24.65 11.60 11.62 21.46 11.89
<1.5mm 17.57* 21.44* 17.96* 17.61 14.16* 8.73* 40.62* 29.97* 22.04 32.22*
1.52.5mm 10.65* 20.78 16.22*  21.86* 19.89*  17.49* 8.99* 15.33* 22.87 19.29*
2.54mm 8.54* 20.07* 18.11*  22.04*  21.36* 22.40* 12.32*  11.81* 16.03 12.15*
Non-ovigerous Fem. 17.39 20.78* 24.36* 2215 25.02*  27.05* 23.16  20.10* 19.54  15.19*
Male 16.99 13.41* 19.50* 16.34* 19.58* 20.29* 14.27 18.95 13.53 13.01
Ovigerous Fem. 25.61* 2.69 2.69 0.00 0.00 0.00 0.00 0.00 2.00 0.00




Table8. PERMANOVA results investigating whether timeidflatinvertebrate

communities an€orophium volutatopopulations variedirough space, time, and
disturbancdreatmentat Grande Anse and Pecks Cove from immedidialpwing
disturbance (Day 0) until 56 days later during the four trials in 2018 and RemSities

of taxaandC. volutatorlife stagesvere fourth root transfaned prior to analyses.
Significant and interprableP-values of fixed effects are in bold font. In the table header,
MS = mean squatr Number of unique permutations = 9999,

Response  Site Source of variation df MS Pseude P
F
Infaunal Grande Trial 3 27478 19.056 0.001
invertebrate Anse Treatment 1 2.405E+05 124.24 0.001
community Day 8 10062 16.321 0.001
Trial*Treatment 3 6863.2 6.5921 0.001
Trial*Day 24 4898 7.9444 0.001
Treatment*Day 8 5011 7.542 0.001
Trial*Treatment*Day 24 1172.2 1.7368 0.001
Location(Trial) 20 1442 2.282 0.001
Treatment*Location(Trial) 20 1041.2 1.6477 0.003
Day*Location(Trial) 160 616.52 0.97569 0.631
Treatment*Day*Location(Trial) 160 674.94 1.0681 0.197
Error 419 631.88
Pecks Trial 3 38707 17.997 0.001
Cove Treatment 1 47385 39.104 0.001
Day 8 8802.6 18.035 0.001
Trial*Treatment 3 4710.6 3.8873 0.001
Trial*Day 24 1731.4 3.5473 0.001
Treatment*Day 8 2484.2 5.5665 0.001
Trial*Day*Treatment 24 1031.9 2.3122 0.001
Location(Trial) 20 2151 4.4839 0.001
Treatment*Location(Trial) 20 1211.9 2.5236 0.001
Day*Location(Trial) 160 488.1 1.0175 0.405
Treatment*Day*Location(Trial) 160  446.26  0.93027 0.798
Error 426 479.7
Corophium Grande Trial 3 50287 16.855 0.001
volutator Anse Treatment 1 58568 23.012 0.001
population Day 8 15945 8.0381 0.001
Trial*Treatment 3 4510.6 1.7722 0.131
Trial*Day 24 10892 5.4907 0.001
Treatment*Day 8 3087.7 1.7508 0.043
Trial*Treatment*Day 24 4056 2.2998 0.001
Location(Trial) 20 2983.6 1.715 0.004
Treatment*Location(Trial) 20 2545.2 1.463 0.024
Day*Location(Trial) 160 1984 1.1404 0.056
Treatment*Day*Location(Trial) 160 1763.6 1.0137 0.441
Error 419 1739.7

Pecks Trial 3 95025 47.67 0.001
Cove Treatment 1 97468 70.178 0.001
Day 8 14656 22.065 0.001
Trial*Treatment 3 7252.1 5.2215 0.001
Trial*Day 24 7084.8 10.666 0.001

8

Treatment*Day 8921.2 13.293 0.001
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Trial*Treatment*Day 24

Location(Trial) 20
TreatmeritLocation(Trial) 20
Day*Location(Trial) 160
Treatment*Day*Location(Trial) 160
Error 426

1441.2
1993.5
1389
664.27
671.18
596.73

2.1475
3.3407
2.3276
1.1132
1.1248

0.001
0.001
0.001
0.093
0.073
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Table9. PERMANOVA results investigatinfpr eachtrial whether he mudflat
invertebrate communities varied through space, timegdetdrbancdreatmentt

Grande Anse and Pecks Cove from immedidialpwing disturbancgDay 0) until 56
days later in 2018 and 2019. Taxa densities were fourth root transformeaprior t
analyses. Significant and interpretaBlealues of fixed effects are in bold font. Multiple
comparisons were conducted to determine if treattegris (disturbed, control) varied
after disturbance. In the table header, MS = mean sduameber of unige permutations
=964 999 Each trial was analyzed separately due to a significant-thagenteraction
when analyzed together (Table 8).

Site, Source ofvariation df MS Pseudo P Multiple t P
Trial -F comparisons
Grande Treatment 1 22740 19.35 0.0@
Anse, Day 8 6090.7 8.398 0.001
1 Treatment*Day 8 1391.7 1.831 0.022
Day 0 3.9312 0.009
Day 1 1.8056 0.067
Day 2 2.1677 0.035
Day 4 2.6555 0.028
Day 7 1.6956 0.088
Day 14 2.6362 0.028
Day 21 1.8458 0.045
Day 35 1.4855 0.125
Day 56 0.8356  0.582
Location 5 22279 3.250 0.001
Treatment*Location 5 11754 1.715 0.049
Day*Location 40 725.26  1.058 0.331
Treatment*Day*Location 40 760.16  1.109 0.238
Error 107 68541
2 Treatment 1 39087 46.14 0.008
Day 8 5755.6  13.37 0.001
Treatment*Day 8 2439.9 5.402 0.001
Day 0 3.9939 0.008
Day 1 3.2592  0.008
Day 2 4.798 0.004
Day 4 3.8454 0.004
Day 7 7.3999 0.004
Day 14 3.4951  0.009
Day 21 2.4355 0.015
Day 35 1.4466 0.131
Day 56 1.6628 0.092
Location 5 827.87 2.158 0.012
Treatment*Location 5 874.2 2.208 0.011
Day*Location 40 430.54 1.122 0.236
Treatment*Day*Location 40 451.64 0.177 0.170
Error 103 383.6
3 Treatment 1 35200 26.12 0.002
Day 8 6702.0 8.952 0.001
Treatment*Day 8 17045 2.476 0.002
Day 0 2.5055 0.011
Day 1 2.3237 0.025
Day 2 3.6173 0.003
Day 4 2.6954 0.018
Day 7 2.4405 0.018
Day 14 3.22 0.005
Day 21 2.146 0.034
Day 35 1.6409 0.100
Day 56 2.1259 0.043
Location 5 1879.6  2.579 0.001
Treatment*Location 5 13475 1.849 0.026
Day*Location 40 748.68 1.027 0.395

Treatment*Day*Location 40 688.5 0.944 0.632

92



93

Error 108  728.66
4 Treatment 1 54474 55.81 0.002
Day 8 4969.4 9.634 0.001
Treatment*Day 8 2558.2  3.669 0.001
Day 0 2.9614 0.006
Day 1 47587 0.004
Day 2 5.0419 0.006
Day 4 4.3428 0.002
Day 7 2.8716 0.012
Day 14 3.4698 0.004
Day 21 1.9381 0.043
Day 35 3.7823 0.005
Day 56 1.7633 0.059
Location 5 858.6 1.416 0.126
Treatment*Location 5 981.47 1.619 0.053
Day*Location 40 515,59 0.850 0.847
Treatrent*Day*Location 40 697.46 1.150 0.167
Error 101 606.35
Pecks Treatment 1 91104 6.860 0.005
Cove, Day 8 4568.5 7.444 0.001
1 Treatment*Day 8 1388 2.359 0.001
Day 0 2.658 0.012
Day 1 1.998 0.034
Day 2 2.1938 0014
Day 4 1.614 0.067
Day 7 1.4001 0.138
Day 14 0.9994 0.414
Day 21 1.0453 0.442
Day 35 1.8133 0.077
Day 56 1.7917 0.086
Location 5 25149 3.727 0.001
Treatment*Location 5 1347.7  1.997 0.009
Day*Location 40 613.7 0.995 0.757
Treatment*Day*Location 40 588.4 0.872 0.828
Error 104 674.74
2 Treatment 1 6814.1 5.028 0.016
Day 8 40435 9.657 0.001
Treatment*Day 8 1207.7 3.170 0.001
Day 0 3.5738 0.003
Day 1 2.5282 0.04
Day 2 1.6948 0.063
Day 4 2.698 0.012
Day 7 1.8131 0.073
Day 14 0.7298 0.658
Day 21 0.9619 0.556
Day 35 0.9816 0.417
Day 56 0.7969 0.605
Location 5 1720 4.781 0.001
Treatment*Location 5 1355.3 3.767 0.001
Day*Location 40 418.72 1.164 0.161
Treatment*Day*Location 40 380.99 1.059 0.370
Error 108  359.77
3 Treatment 1 15614 10.34 0.006
Day 8 4118 6.942 0.001
Treatment*Day 8 1433.8 2.605 0.001
Day 0 2.1019 0.039
Day 1 2.2269 0.027
Day 2 2.7799 0.020
Day 4 2.288 0.024
Day 7 1.3553 0.174
Day 14 2.9693 0.005
Day 21 1.7986 0.039
Day 35 1.9841 0.049
Day 56 0.3707 0.855
Location 5 3147.4  5.206 0.001
Treatment*location 5 1509.3  2.496 0.006
Day*Location 40 593.18 0.981 0.531



Treatment*Day*Location 40 550.38 0.910 0.698

Error 106  604.55

Treatment 1 29858 47.01 0.002

Day 8 1281.1 3.921 0.001

Treatment*Day 8 15479 5.835 0.001
Day 0 4.4403  0.006
Day 1 5.2171  0.006
Day 2 3.1849 0.004
Day 4 7.3644  0.003
Day 7 48884 0.002
Day 14 46511 0.004
Day 21 3.9576  0.006
Day 35 2.1611 0.056
Day 56 1.8687 0.061

Location 5 12215 4378 0.001

Treatment*Location 5 635.24  2.277 0.007

Day*Location 40 326078 1.171 0.175

Treatment*Day*Location 40 265.26  0.951 0.615

Error 108  279.01
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Table10. PERMANOVAr resultsfor each triainvestigatingvhethermudflat Corophium
volutator populations varied through space, time, distiurbancareatmentat Grande

Anse and Pecks Cove from immediatiifowing disturbance (Day 0) until 56 days later
in 2018 and 2019.ife stagedensities were fourth roatansformed prior to analyses.
Significant and interpretabl-values of fixed effects are in bold font. Multiple
comparisons were conducted to determinesdtimentevels (disturbed, control) varied
after disturbance. In the table header, MS = mean sgdamber of unique permutations
= 247 999 Negativet-values were replaced with(8ee explanation in methods, K.R.
Clarke, personal communication with M. Barbeau)Each trial was analyzed separately
due to a significant threeay interaction when anatgd together (Table 8).

Site, Source of variation df MS Pseudo P Multiple t P
Trial -F comparisons
Grande Treatment 1 10546 3.153 0.111
Anse, Day 8 6307.3 2.4787 0.004
1 Treatment*Day 8 6458.3 2.803 0.004
Day 0 2.2237 0.054
Day1 1.7643 0.075
Day 2 2.4664 0.039
Day 4 1.2951 0.230
Day 7 0.95846 0.406
Day 14 2.728 0.012
Day 21 1.0738 0.349
Day 35 0.84947 0.539
Day 56 1.0574 0.354
Location 5 5328.,5 2.5696 0.005
Treatment*Locatin 5 33449 1.613 0.077
Day*Location 40 25446 1.2271 0.103
Treatment*Day*Location 40 2304.1 1.111 0.250
Error 107 2073.7
2 Treatment 1 9126.5 6.6703 0.052
Day 8 5466.3 3.2799 0.001
Treatment*Day 8 2023 1.484 0.120
Locaion 5 1239.7 0.9619 0.488
Treatment*Location 5 2023 1.484 0.120
Day*Location 40 1666.6 1.2932 0.069
Treatment*Day*Location 40 1363.2 1.0578 0.348
Error 103  1288.8
3 Treatment 1 11858 3.9476 0.049
Day 8 21414 10.222 0.001
Treatment*Day 8 1864.2 1.6173 0.045
Day 0 0.90322 0.431
Day 1 0.88097 0.507
Day 2 1.629 0.128
Day 4 0.85024 0.560
Day 7 1.5864 0.122
Day 14 2.4973 0.016
Day 21 1.5462 0.149
Day 35 1.7771 0.104
Day 56 0.71484 0.625
Location 5 2372.1 1.2468 0.217
Treatment*Location 5 3004 1.579 0.107
Day*Location 40 2095.3 1.1014 0.254
Treatment*Day*Location 40 1151 0.605 1.00
Error 108  1902.5
4 Treatment 1 42497 16.433  0.006
Day 8 14665 8.78 0.001
Treatment*Day 8 45541 2.0642 0.017
Day 0 1.4762 0.155
Day 1 2.3819 0.044
Day 2 2.7102 0.012
Day 4 1.4211 0.158
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Day 7 0.9596 0.421
Day 14 3.3736 0.010
Day 21 1.4832 0.156
Day 35 2.886 0.007
Day 56 1.6673 0.117
Location 5 3254 1.8763 0.04
Treatment*Location 5 2586.1 1.4913 0.125
Day*Location 40 1670.2 0.9638 0.571
Treatment*Day*Location 40 2207.3 1.2728 0.065
Error 101 1743.2
Pecks  Treatment 1 42051 19.879 0.002
Cove, Day 8 16445 15.298 0.001
1 Treatment*Day 8 3588.6 3.1908 0.001
Day 0 3.6991 0.011
Day 1 1.9226 0.004
Day 2 2.2213 0.028
Day 4 2.9929 0.009
Day 7 2.311 0.025
Day 14 2.6393 0.024
Day 21 1.5715 0.112
Day 35 1.2753 0.245
Day 56 0 -
Location 5 46125 5.3187 0.001
Treatment*Location 5 21154 2.4392 0.006
Day*Location 40 1075 1.2396 0.091
Treatment*Day*Location 40 1124.7 1.2969 0.048
Error 104 867.22
2 Treatment 1 12955 41.043 0.003
Day 8 3860.8 12.351 0.001
Treatment*Day 8 2862.4 9.6654 0.001
Day 0 5.2649 0.002
Day 1 2.8124 0.004
Day 2 3.6156 0.002
Day 4 5.4302 0.004
Day 7 2.0933 0.0Z
Day 14 3.0826 0.021
Day 21 1.4524 0.166
Day 35 2.8032 0.030
Day 56 0.49432 0.829
Location 5 589.63 2.8446 0.001
Treatment*Location 5 315.64 1.5228 0.090
Day*Location 40 312.62 1.5082 0.005
Treatment*Day*Locatin 40 296.18 1.4289  0.007
Error 108  207.28
3 Treatment 1 39064 15.773 0.006
Day 8 12405 15.028 0.001
Treatment*Day 8 3828.6 4.2242 0.001
Day 0 3.7954 0.007
Day 1 2.4093 0.019
Day 2 2.7879 0.007
Day 4 3.148 0.007
Day 7 1.5022 0.146
Day 14 1.9597 0.056
Day 21 1.8373 0.063
Day 35 1.5059 0.139
Day 56 0.9617 0.449
Location 5 2158.1 2.3822 0.003
Treatment*Location 5 2476.7 2.1338 0.002
Day*Location 40 82545 09111 0.713
7
Treatment*Day*Location 40 906.35 1.0005 0.494
Error 106  905.93
4 Treatment 1 25151 38.806 0.003
Day 8 3225.2 7.2654 0.001
Treatment*Day 8 2961.4 8.2809 0.001
Day 0 4.8062 0.003
Day 1 3.5843 0.003
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Day 2 3.2559 0.006
Day 4 4.7695 0.001
Day 7 5.694 0.002
Day 14 2.8673 0.016
Day 21 2.427 0.023
Day 35 1.4328 0.211
Day 56 2.1813 0.038

Location 5 613.88 1.5032 0.113

Treatment*Location 5 648.19 1.5872 0.090

Day*Location 40 44398 1.0872 0.271

Treatment*Day*Location 40 357.53 0.8754 0.780

8
Error 108  408.38
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Table1l1l PERMANOVA results investigating whether the invertebrate communities and
Corophium volutatopopulations sampled in the water column at high ad@ightvaried
through space and time at the Grande Aars&Pecks Covenudflats during 2018 and
2019.Densties of taxa andC. volutatorlife stagesvere fourth root transformed prior to
analyses. Significantna interpretablé-values of fixed effects are in bold font. In the
table header, MS = mean squadember of unique permutations = 9999, See

AppendixB for informationon water flow and differences between samples collected
during the day and night.

Response Source of df MS Pseude P
variation F

Invertebrate Site 1 24501 9.2491 0.001

community Date 19 6311.3 12.439 0.001
Site*Date 19 2649 5.221 0.001
Error 192 507.37

C. volutator Site 1 27675 7.8712 0.002

population Date 19 4867.4 7.0911 0.0L
Site*Date 19 3516 5.1223 0.001
Error 192 686.4
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Table12 RELATE results investigating correlations betweenrthelflatand water

column invertebrate communities a@drophium volutatopopulations at Grande Anse

and Peck€ove on occasions when both communities were sampled (either on the same
day or within 4 dgs). Early disturbed represents sampling daysad Grande Anse and

0-4 at Pecks Cove, late disturbed represents days 35 and 56 at both sites, and control
includescontrol plots ordays 07, 35, and 56 at Grande Anse and days 85, and 56 at
Pecks Coe. Rhois the Spearman correlation coefficieBignificantP-values are in bold

font. Number of unique permutations = 998e Tables 1 and 2 for exaetmplingdates
included in the analyseand see Appendis, TableG.1. for identification of water

column taxa o€. volutatorlife stages contributing most detected patterns

Response Site Time period Number of Rho P
and treatment matching
samples
Infauna Grande Anse Early disturbed 48 0.169 0.003
commurity Late disturbed 18 0.091 0.159
Control 66 0.244 0.001
Pecks Cove Early disturbed 48 0.229 0.007
Late disturbed 18 0 0.702
Control 66 0.173 0.012
Corophium Grande Anse Early disturbed 48 0 0.631
volutator Late disturbed 18 0.321 0.008
population Control 66 0.105 0.001
Pecks Cove Early disturbed 48 0.315 0.001
Late disturbed 18 0.357 0.004
Control 66 0.264 0.001
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Figurel. HypotheticahMDS graphsof what the expected community dynamics would

be for the (a) inhibition, (b) facilitation, and (c) tolerance mechandfraaccessionas

well as (d) if no mechanismereactive(and the community reflected the species

regional pool) A symbolrepresents a hypothetical commuratya given timeThe gray

arr ow

hypothetical trial after the disturbanikcas occurred\ote that identifying the species

shows

the direction

of

change

t hroug

contributing to thearly or latesuccessional dynamics helps differentiate between the
facilitation and tolerance models; for the former, facilitating species would always appear

and dominate first before ipg replaced, and for the latter, competitively dominant

species wald appear relatively late and always dominate in the final community. To

provide evidence for the 4th scenario where local interactions are not important, one
needs to sample thiegionalspecies podfe.g.,the water columiand surrounding
mudflatcommurntiesfor my project); evidence for this 4th scenario would be that the

target community (the benthic community in my project) matchedetfienal species

pool.
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Grande Anse
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@ Trial1 |

® Trial 2
® Trial 3
@ Trial 4

\. Google Earth

Google Earth

Figurea.Layout for that fGrdndde xhPrese mnemdwiPeg k6 C
replicate | ocati esngpadtragg e rnahnedt upneoearsshesdottei)on o
t riAatl se.ac h hleaccatwiacsn,a tr andoml vy rsodl epcltoetd odni set
the north or south side in each plot pair.
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Figure4. a) Aerial photograph & pair ofplots (one in the forefront and one in the
background of the photograp eachwith two wooden planks arrangeds aor A T 6
samplers to crogbebuffer aresand reach the middle sampling ar€he plots are 5 m x
6 m, delineated by rehdFor scale, a woodgslankis 1 m long b) Aerial photograph of
atarp deployed and securedthe mudflat forthe 3-week treatmerimplementation
period.The trap is 5 m x 6 m in size) Photograph of plankton ne(20 cm diameter
opening, and a 500 ml collecting bottle at the narrow daployed at low tidéo sample
the water column duringigh tide.
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Figure9. Boxplotsd i IsgythePg el o u 6 sJ @ ¥ £1Aacoregnbmudflat
invertebratebefore and after experimental disturbance at Grande &n$®ecks Cove
in disturbed and control plots during 4 trials in 2018 and 2019Fgeee6 for
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FigurelO. Boxplotsd i s p |the gensiias of various infaunal taxa (n =12 coreg
before and after experimental disturbance at the Grande Anse mudflat in control and
disturbed plots during the firstidl in 2018(June start)SeeFigure6 for explanations of
the xaxis labels and boxplots.
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Figurell Boxplotsd i s p Ithe gensiias of various infaunal taxa (n =12 coreg
before andafter experimental disturbance a¢ tGrande Anse mudflat in control and
disturbed plots during the second trial in 2Q1&ly start) SeeFigure6 for explanations
of the xaxis labels and boxplots.
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Figurel2 Boxplotsd i s p |the gensitigp of various infauhtaxa (n = 1Zoreg before
and after experimental disturbance at the Grande Anse mudflat in control and disturbed
plots during the third trial, first in 201®1ay start) SeeFigure6 for explanations of the

x-axis labels and boxplots.
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Figurel4. Boxplotsd i s p |thee yensitigs of various infaunal taxa (n =12 coreg
before and after experimental disturbance at the Pecks Cove mudflatrim eont

disturbed plots during the first trial in 20{8une start)SeeFigure6 for explanations of
the xaxis labels and boxplots.
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FigurelZ.Bo x p| ot s theédemssitids af yariauginfaunal taxa (n = d&es) before
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Appendices

Appendix A: Chlorophyll -a concentration pre- and posti disturbance

For my study] measuredhe chlorophylla concentration, a photosynthetic
pigment occurring in diatoms (Macintyre et al. 1996), on the surface of the intertidal
mudflat at Grande Anse and Pecks Cove to provide information about the state of the
surface biofilm, speadially diatom abundance.

Methods

Sample collection and processing

| collected two icm core samples {2 mm deep) of surface sedimeear
sampling plot per sampling d&y quantifythe chlorophylla concentrationThese
samples were kept in darkness2(°C until processing anefforts were made
throughout processing to limit exposure of the samples to direct light to prevent the
breakdown of chlorophyll molecules. Samples collected in Trials 1 and 2 (in 2018) were
processed using the acetone extractiothote(Coulthard and Hatton 2011).
Specifically,the samples were mixed with 3 mm of 90% acetone containing 10% of
saturated MgCe&and kept in darkness at 5°C for 22The amples were then kept at
room temperature for 2 h before the acetone solutiorewtaacted, placed in gs test
tubes, and centrifuged for 20 minutes at 2500 rotations per minute to rémove
suspended sediment. The absorbance of 1.5mL of the resulting supernatant was then
measured using a spectrophotometer at 664 and 750 nm wgitslén50 nm was used
to measure turbidity of the sample). Then,e6710% HCI was added to the samples and
they were rameasured at the 665 and 750 nm wavelengths to correbeforesence of

pheophytin.
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Data analysis

The dlorophylla concentration was calculated usiegat on et al . 6s f or
(1995), adjusted basetho t he sampl eds SmI)dsmCaulthardanch ( 1. 3:
Hamilton (2011): Chlorophyth (mg/n?) = (26.7(6447 66%)*V 1)/(V2*L)), where 26.7
is the absorbance correction, 6@d 663 were wavelengthat which absorbencies were
read, before and &ift acidification. These values were previously corrected for turbidity
by subtracting values obtained from absorbencies at 750nmas the volume of
acetone solution placed in the spectrophotometer (3 mlyag the surface area of
sediment (in rf) from which chlorophyll a was extracted (4.4 x*®?), and L was the
path length in cm (1 cm).

To assess the disturbareféect in my experiment processed samples collected
before (on the disturbance implementation day) and after (on sampling days4, 12, 2,
14, 21, 35, and 56) disturbance during Trials 1 and 2. | displayed these data graphically
using the ggplot2 package (Wickham et all@0within statistical software R with-R
Studio interface (version 4.0.4) (R Core Team 2021).

Results

Photosynthktic activity wageduced by the disturbance and was less than control
plots after the disturbance period, as evidenced by the reductibloromhylla
concentratiorfFigure A 1)As expl ai ned i n tdibt@gbaichveas i s d me't
made by coveringhe mud surface for three weeks using tarps magtasfic landscape
fabric, blocking sunlight, and limiting primary productiofhe dlorophylla
concentratioatended to approach control levels by the end of the tiliaks.dlorophylk-

a concentratioadid not decrease after disturbance during Trial 1 at Pecks Cove. During
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Trial 1 at Pecks Cove (as | was developing my methods), the edge of the tarp sometimes
became unburied and the plots uncovered, providing the opportunity for
microphytobenthos to sume disturbance in some areas. There was the most variation in
chlorophylla concentration on the first sampling day after disturbance (Day 0) during

this Trial 1 at Pecks Cove than any other ffiajure A.1) evidence of some tarps

becoming loose and brgj less effectivavhile others remaining in place and effective.
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Appendix B : Comparison of water column features Water flow, invertebrate
community, Corophium volutatorpopulation) sampled during the day and at night

Introduction

The upper Bay of Fundy includes massive intertidal mudflats that are covered by
seawatr twice daily due to the serdiurnal tidalcycle and large tidal amplitudes (>12m)
in the region (Desplanque and Mossman 2004). High tide in an intertidal environment
provides opportunity for longand shorranged dispersal (Negrello Filho et al. 2006,
Drolet and Barbeau 2011, Drolet and Barbe@i22 Drolet et al. 201). Thorough
investigations have recently been conducted in the upper Bay of Fundy on the swimming
behaviour of an important macroinvertebr&erophium volutato{Drolet and Barbeau
2009 Drolet and Barbeau 2012, Drolet et al. 281Bxingloe et al. 2013). These
investigations focused on swimming behaviour during righe high tides wheg.
volutatorwas sampled in larger numbers (Drolet and Barbeau 2009). While
investigations have be@onducted on th€. volutatorpopulation, tle entire invertebrate
communities in the upper Bay of Fundyods
coarsely quantified (Bringloe 2011). The objective of this appendix is to briefly
investigate differences ingin tide water flow and water column invertater
communities an€orophium volutatopopulations sampled during the day and at night
at the Grande Anse and Pecks Cove intertidal mudflats where sstaigedisturbance

experiment was being conducted in 8Gihd 2019.
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Methods

Sample collection

Swimming invertebrates were sampled during-dayd nighttime high tides
during 2018 and 2019 at two intertidal mudflat sites in the upper Bay of FGndgde
Anse and Pecks Co\Eigure2 in main thesis Samplingof water column invertebrates
was conducted to complemeny disturbance experiment. In the upper Bay of Fundy
there ardwo high tide events daily due to the sedirnal tidal cycle (Desplanque and
Mossman 2004). Samples were collected froemwater ctumn using plankton netss
described in the thesis me t(Orabetlasd Barbeau 2009; Figure 3nmain thesis To
guantify the amount of water that passed through each plankton net, a plaster hemisphere
made from plaster of Paris was moldethgsalvedping-pong balls and dried to
constant weight (at ~90 degrees C for 24 hours) before being deployed in the field. A
metal wire (~15 cm) was placed in the wet mixture, so that the plaster hemisphere could
beattached to a net. At every samplinget; a plater hemisphere was attached to the
edge of the net, while ensuring it did not rub against the net it$adfgankton nets were
deployed in six locations per site during high tide periods during theadaynighttime
on the dates listed in ke B.1. Carecting for the volume of water filtered by the
plankton nets was necessary to make comparisons amongst the sites, times of day, and
locatiors of sampling.

Sample processing

Within 24 h of collection, the plaster hemispheres were dried tdaanseight
before being weighed. The dissolution of the plaster has a linear relationship with amount

of water flow and was calculated using the following equation: y = 37.316x + 9.6513,
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where y = volume of water (fhand x = net loss of plaster (g) (Bgioe 2011Bringloe
et al. 2013)The water columninvertebratesamples werprocessed as described in the
main body of the thesis

Data analysis

To examine how the amount of water flow, water column invertebrate
communities, an€orophium volutatopopulations vaed through time and space, the
statistical program PRIMER with the PERMANOWYAPermutational Multivariate
Analysis of Variance) addn (McArdle and Anderson 2001) was used. The significance
level was set tt)= 0.05. The amount of water flow was normaligeior to analysis and
a resemblance matrix was constructed using Euclidean distance. Individual taxen and
volutatorlife stage densies [numbers per volume of waterJinwere 4" root
transformed prior to analyses, and resemblance matrices warkatadcusing the Bray
Curtis coefficient and included a dummy va
in the analysis) to deal with density values of zero. Factors included statistical
linear model of the PERMANOVAs were: Time (fixed, 2 leyeBite (fixed, 2 levels),
Date (random, 15 levels), and Location (6 levels, random, nested in Site and Date) as
factors. Although the plankton nets were secured to a pole in a fixatiblo, |
considered that Location was not crossed with Date becagigeatbr sampled at each
high tide was different due to intense tidal currents and midihg.@propriate
denominators for pseue®ratios were determined as in Underwood (1997) (TBL2é.
Missing data (see Table B.1) for the PERMANOVAS to test diffe¥sie the water

column invertebrate commum@sandC. volutatorpopulatiors were replaced with
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average values calculated from other samples collected at the same site, date, and time,
and degrees of freedom adjusted as appropriate.

Non-metric multidimen®nal scaling (hnMDS, 100 restarts) graphs were
constructed to visualizle invertebratecommunity andC. volutatorpopulation
compositios in the water column at my study sites durihg experimental trials. Points
closer together on the nMDS graphs esgnt plankton net samples with invertebrate
communities o€C. volutatorpopulation structure more like one another than points for
nets further apart. Vectors beside a nMDS graph septehe correlations (Pearson
correlation coefficients) between taxa@ volutatorlife stages and MDS axes. | verified
that the 2D stress of each nMDS graph was <0.2, which means that it was a-good 2
dimensonal representation of the multidimensioadh det (Clarke 1993). The statistical
software R with RStudio interfae (version 4.0.4) (R Core Team 2021) and the ggplot2
extension was used to construct boxplots of water flow volume and taxd@h and
volutatorlife stage densities.

Results

Water flow

There was a significant difference in the amount of water filtereadi¢jtr the
plankton nets between sites during the disturbance experiment in 2018 and 2019, with
more water passing through the nets at Pecks Cove than at Grande Ans8Jable
FigureB.1). Spatial differences in water flow are likely partially due to glative
locations of Grande Anse and Pecks Cove within the Shepody Bay and Cumberland

Basin, respectively, which results in differing immersion times and water currents.
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Variation throgh time at each site is likely due to differences in tidal amplitudativer,
etc. depending on the time of sampling.

Invertebrate community

Invertebrate community in the water column varied significantly depending on the
site and time of day (significant interaction between Time of day and Site, Table B.3,
Figure B.2). Gtracod density in the water was greater at Grande Anse than Pecks Cove
(Figures B.2B.4); however, there were very few Ostracoda sampled at either site during
Trial 4 (AugustOctober 2019). Pecks Cove had higher densiti€s @blutatorin the
water tha Grande Anse. All taxa sampled at night were also sampled during tHautiay,
usually in lower densities during the day. Taxa sampled in similar densities during the
day and at night werddlacoma petalunand Ostracoda (Figures B.3, B,4).

Corophium volutdor population

Corophium volutatopopulations in the water column varigignificantly with
the main effects of Time of day and Site (TaBl8). Corophium volutatoin the water
were much more abundant during nighttime than daytime high tides at lestiiFSgures
B.2, B.5, B.6). Many more individuals in the smallest sizsses (€2.5mm) were
sampled at Pecks Cove than at Grande Anse. Site differences in densities of other stage,
large juveniles (2.8lmm), adult males and adult females were not as langerestingly,
there were more ogerousfemales sampled in the watlumn at Grande Anse than at

Pecks Cove.
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Tables

TableB.1. Dates when sampling the water column during high tide at daytime and
nighttime occurred at the Grande Anse and Pecks Cove mudflats as part of the
disturbance experimenthesuperscript’ indicates one missing data point on a sampling

day.

Date Day Night
3 June 2018 Grande Anse & Pecks Cove
4 June 2018 Grande Anse & Pecks Cove Grande Anse & Pecks Cove

13 June 2018
14 June 2018
18 June 2018

Grande Anse & PeckSove
Grande Anse & Pecks Cove

Grande Anse & Pecks Cove
Grande Ansé& Pecks Cove
Grande Anse & Pecks Cove

3 July 2018 Grande Anse & Pecks Cove Grande Anse & Pecks Cove
12 July 2018 Grande Anse & Pecks Cove
16 July 2018 Grande Anse & Pecks Cove Grande Anse & PeckCové'
17 July 2018 Grande Anse & Pecks Cove
31 July 2018 Grande Anse & Pecks Cove Grande Anse & Pecks Cove
20 May 2019 Pecks Cove

21 May 2019 Pecks Cove Pecks Cove

25 May 2019 Grande Anse Grande Anse

2 July 2019 Grande Anse & Pecks Cove
3 July2019 Grande Anse & Pecks Cove Grande Ansé& Pecks Cove
4 July 2019 Grande Anse & Pecks Cove Grande Anse & Pecks Cove
19 August 2019 Grande Anse Grande Anse

20 August 2019 Grande Anse Grande Anse

21 August 2019 Grande Anse Grande Anse

22 August 2019 Grande AnsB & Pecks Cove  Grande AnsB& Pecks Cove
23 August 2019 Grande Anse & Pecks Cove Grande Anséé& Pecks Cove
24 August 2019 Grande Anse & Pecks Cove Grande Anse & Pecks Cove
25 August 2019 Grande Anse & Pecks Cove  Grande Anse & Pecks Cove

26 Auwgust 2019
27 August 2019
28 August 2019
29 August 2019

Grande Anse & Pecksove

Grande Anse & Pecks Cove
Grande Anse & Pecks Cove
Grande Anse & Pecks Cove

Grande Anse & Pecks Cove
Grande Anse & Pecks Cove
Grande Ansé& Pecks Cove

Grande Ansé& Pecks Cove
Grande Ansé& Pecks Cove

Grande Anse & Pecks Cove
Grande Anse & Pecks CdVe
Grande Anse & Pecks Cove

27 September 201¢
28 September 201¢
29 September2019
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TableB.2. Structure of PERMANOVAestsised to analyze the water column
invertebrate community andCorophium volutatopopulation dynamics at the Grande
Anseand Pecks Coviatertidal mudflats duringhe field experiment i2018 2019.

Source of Variation Effect Type Denominator of
pseudeF ratio
Time of dayT; Fixed MStp
Site§ Fixed MSs
Time of day*Site Ti§ Fixed MSrtsp
DateDx Random MSe
Time of day*DateTiD« Random MSe
Site*Date SD« Random MSe
Time of day*Site*Date Random MSe
TiSD«
Errorigk) Random
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Table B.3PERMANOVA results investigating whether the voluoidiltered water, and

the invertebrate communities a@drophium volutatopopulations sampled in the water
column at high tide varied through space and time at the Grande Anse and Pecks Cove
mudflats during 2018 and 2019. Data transformations priandtysis are indicated

below. Significant and interpretaldfevalues of fixed effects are in bold foin.the table
headerMS = mean squar&umber of unique permutations €& 999

Response Source of variation df MS PseudeF P
Volume of Time of day 1 0.0030 0.0007 0.982
filtered water Site 1 32854 23.61 0.001
(m3) Time of day*Site 1 0.1068 0.11873 0.743
(normalised) Date 14 7.959 19917 0.001
Time of day*Date 14 4.474 11.195 0.001
Site*Date 14 1.3915 3.482 0.001
Time of day*Site*Date 14 08996 2.251  0.007
Error 290 0.3996
Invertebrate Time of day 1 42383 28.976 0.001
community  Site 1 47605 10.669 0.002
(4" root) Time of day*Site 1 6330.5 2.9717 0.046
Date 14 9136.9 12.457 0.001
Time of day*Date 14 1462.7 1.9941 0.003
Site*Date 14 4462.2 6.0834 0.001
Time of day*Site*Date 14 2130.2 2.9042 0.001
Error 290 733.5
C. volutator Time of day 1 69865 30.324 0.001
population Site 1 54612 9.6132 0.004
(4" root) Time of day*Site 1 6068.9 1.5625 0.215
Date 14 4618.4 4.8377 0.001
Time of day*Date 14 2304 2.4134 0.001
Site*Date 14 5681 5.9507 0.001
Time of day*Site*Date 14 3884 4.0684 0.001
Error 290 954.68
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Figure B.1Boxplots displaying thealume of water filtered per plankton net at Grande
Anse and Bcks Cove during the disturbance experiment in 2PA89. For Grande

Anse, n =24, 12, 18, 81 and n = 35, 24, 23, 68 plankton nets for Tral8,14 during

the day and at night, respectively. For Pecks Cove, n =24, 12, 18, 65 and n = 36, 23, 30,
54 plankton nets for Trials 1, 2, 3, 4 during the day and at night, respectively. For the box
plots, midline represents the median, + indicates thenni®x edges are the first and

third quartiles, the whiskers are * 1.5*interquartile range (IQR)., and dotaitrers.
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Legend

Grande Anse
Trial 1 day A night A
Trial 2 day & night®
Trial 3 day [0 nightl
Trial 4 day O night@

Pecks Cove
Trial 1 day Anight A
Trial 2 day <& night ¢
Trial 3 day COnight m
Trial 4 day Qnight @

_2D Stress: 0.12

(@) ;

% Ostracoda

2D Stress: 0.15
(b)

(C) 2D Stress: 0.07

Figure B.2. NoAmetric multidimensional scaling (hnMDS) gragatf the average

invertebrate communitwith (a) and without (b) OstcadaandCorophium volutator
population(c) structures sampled in the water column at Grande Anse and Peaks Cov
during the 4 trials in 2018 and 2019. Each symbol represents the average community or
C. volutatorpopulation composition pooled over locatiqgres site and tide (n=6

plankton nets). Densities were standardized using estimated amount of water &t pass
through each net and then fourth root transformed;-Buais similarity matrices were
constructed. The vector diagrams on the right showliteetion of increased density for
taxa orC. volutatorlife stages contributing to the observed patterneemiMIDS graphs.

148



g | Corophium volutator 30] Ostracoda

4 . : 15
0.05| Phyllodocidae Neredidae
& 0.06
e
-
£
ki3
= 0.025 . | 003
a . H
: . H . |
O . + + . !
0.08 { Macoma petalum 0.04] Nephytidae Time of day
Day []
_ Night
0.04 . 0.02
0 - —— —_ 0 — ——— ———
1 2 3 4 1 2 3 4
Trial

FigureB.3. Boxplots displaying theeahsities of various invertebrate taxa sampled in the
water column above the Grande Anse mudflat in the daytime and nighttime during the
four trials in 2018 and 2019 = 24, 12, 18, 81 and n = 35, 28, 68plankton netfor
Trials 1, 2, 3, 4 during th@ay and at night, respectivelyeeFigureB.1 for explanation

of boxplots.
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FigureB.4. Boxplots displaying theeahsities of various invertebrate taxa sampled in the
water column above the Peckev@ mudflat in the daytime and nighttime during fitwer
trials in 2018 and 201% = 24, 12, 18, 65 and n = 36, 23, 30 piainkton netdor Trials

1, 2, 3, 4 during the day and at night, respectivégeFigureB.1 for explanatiorof

boxplots.
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FigureB.5. Boxplots displaying theeahsities of variou€orophium volutatofife stages
sampled in the water column above the Grande Anse mudflat in the daytime and
nighttime during the four trials in 2018 and 2019. n =24, 12, 18, 81 and n = 35, 24, 23,
68 plankton nets for Trials 1, 2, 8,during the day and at night, respectivegeFigure

B.1 forexplanatiorof boxplots.
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FigureB.6. Boxplots displaying theeahsities of various invertebrate taxa sampled in the
water column above the Pecks Cowvedttat in the daytime andighttime during the four
trials in 2018 and 2019. n = 24, 12, 18, 65 and n = 36, 23, 30, 54 plankton nets for Trials
1, 2, 3, 4 during the day and at night, respectiv@geFigureB.1 for explanatiorof

boxplots.
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Appendix C: Importance of measuringbiomass in ecological experiments

Ecological experiments are enhanced by examining organism densities and
biomasswhichin combination can provide information about the size of individua
organismsDuring my experimenthe mudflat fauna were preserved in 95% ethanol and
stored in plastic vials, with a waterproof label in the vial and sample information written
in pencilon the lid of the vial. They were later sorted under a dissecting microscope
(process described in main body of thesis) and biomass measurements werhaken.
taxon levels measured for biomass includedrophium volutatofone biomass
measurement for atts, >4 mm body length, and juveniles, <4 mm body length)

Macoma petalumemertean worms, Ostracods, Oligochaetea, and several families of
polychaete wormaNereididae Phyllodocidae, Nepthytidae, Spionidae, Capitellidae,
Cirratulidae, Glyceridae)'heinvertebratesvere dried at 90 °C for 24 h and weighed by
taxon for a given saple When body sections with no heads were located, they were not
counted, but were identified and included in the appropriate dry biomass measurement.
Macoma petalunwvere remoed from their shells prior to being dried and weighed.
Ostracods, which do nefiry substantially in size, were counted and dry biomass
estimated based on the average mass of an individual. Due to restrictions of thee COVID
19 pandemic, biomasses were chdted using estimate conversions for all taxa in
samples sorted froprili Segember2020 (all of Trial 3 samples, many of Trial 4). To
accurately convert invertebrate density to biomass, body length and width measurements
of each invertebrate were recodd&€he bomass measurements were not analyzed as part

of the main thesis butiwbe included in a peereviewed publication.
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Appendix D: Plots with Ostracoda included as community members

Descriptive statisticeicludingthetotal invertebrate density, taxa richness,
diversity, and evenness wereadhtedfor the infaunal community with and without
OstracodaThe pgots of these community statistics including Ostracodgegsentedn

this appendix.
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FigureD.1.Boxplots displaying theotal mudflat invertebrate densities (n=12 cores)
befare and after experimental disturbance at Grande Anse and Pecks Cove in disturbed
and control plots during 4 trials in 2018 and 2019. Community analyzed includes
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days,
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representi ng
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midline represents the median, + indicates the mean, box edges are the first and third
guarties, the whiskers are + 1.5*interquartile range (IQR), and the dots are outliers.
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Figure D.2Boxplots displaying theaixa richness (including Ostracoda; ni49 cores)

of mudfl atbéehoreetabdadafeser experimental di

Pecks Cove in disturbed andndc o2riibeéFiguie
D.1 for explanations of the-axis labels and boxplots.
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FigureD.3. Boxplots displaying th&hannorwiener diversity i dincluding Ostracoda;

; n =9 12 coreg of mudflat invertebrates before and after expenital disturbance at
Grande Anse and Pecks Cove in disturbed and control plots during 4 trials in 2018 and
2019.SeeFigureD.1 for explanations of the-axis labels and box plots.
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core9 of mudflat invertebrates before and after experimeatigairbance at Grande Anse

and Pecks Cove in disturbed and control plots during 4 trials in 2018 andS&#19.
FigureD.1 for explanations of the-axis labe$ and box plots.
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Appendix E: Full PERMANOVA analyses: pre- versuspost-disturbance

Table E.1. Results of the full PERMANOVAs investigating whether the mudflat
invertebrate communities af@brophium volutatopopulations vaed through space,
time, and experimental treatment at Grande Anse and Pecks Cove befafieeand
disturbance during four trials in 2018 and 2019. Taxa densities were fourth root
transformed prior to analyses. Significant and interprefaalues of fked effects are
in bold.In the table headekMS = mean squar&umber of uniqueermutations = 95i
999

Test Source of variation df MS Pseuder P
Mudflat Site 1 2.405E+05 268.34 0.001
invertebrate Trial 3 16590 18.551 0.001
community Treatment 1 18430 23.748 0.001
Day 1 19670 19.989 0.001
Site*Trial 3 6551.2 7.3095 0.001
Site*Treatment 1 3691.3 5.1045 0.004
Site*Day 1 5946.4 6.0418 0.003
Trial*Treatment 3 1294.1 1.6675 0.107
Trial*Day 3 2635.7 2.6784 0.006
Treatment*Day 1 19302 25.781 0.001
Site*Trial*Treatment 3 1892.1 2.4381 0.013
Site*Trial*Day 3 3376.5 3.4312 0.001
Site*Treatment*Day 1 7672 10.247 0.001
Trial*Treatment*Day 3 1846.1 2.4657 0.010
Site*Trial*Treatment*Day 3 992.45 1.3255 0.215
Location(Site*Trial) 40 896.26 1243 0.073
Treatment* Location(Site*Trial) 40 776.05 1.0763 0.305
Day* Location(Site*Trial) 40 984.06 1.3648 0.014
Treatment*Day*Location(Site*Trial) 40 748.72 1.0384 0.398
Error 182 721.02
Corophium Site 1 1.303E+05 80.52 0.001
volutator Trial 3 26033 16.083 0.001
population Treatment 1 32649 16.71 0.001
Day 1 84412 58.03 0.001
Site*Trial 3 15830 9.7803 0.001
Site*Treatment 1 10890 5.5738 0.003
Site*Day 1 7150.7 4.9159 0.006
Trial*Treatment 3 3036.5 1.5541 0.133
Trial*Day 3 12484 8.5825 0.001
Treatment*Day 1 33814 23.114 0.001
Site*Trial*Treatment 3 2761.7 1.4135 0.163
Site*Trial*Day 3 10487 7.2095 0.001
Site*Treatment*Day 1 12853 8.873 0.001
Trial*Treatment*Day 3 27371 1.8709 0.087
Site*Trial*Treatment*Day 3 2414.4 1.6506 0.121
Location(Site*Trial) 40 1618.7 1.2942 0.027
Treatment* Location(Site*Trial) 40 1953.9 1.5622 0.001
Day* Location(Site*Trial) 40 1454.6 1.1631 0.154
Treatment*Day*Location(Site*Trial) 40 1463 1.1697 0.150
Error 182 1250.7
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Appendix F: Full SIMPER analyses

Table F.1. SIMPER results investigating the contributions of individual taxa to

differences betweetihe mudflat communities sampled in control and disturbed plots
during the four trials in 2018 and 201 a t

communities on a given day almlded when significant differences were detected by

Gr ande
represents the disturbance implementation day (see Table 1 in the main thesis for exact
dates).The ptal averagelissimilarity (in the third column) between control and disturbed

Anse.

For

t he

the PERMANOVA multiple comparisons. For each taxon, average densities (per core
and transformed), averadessimilarity (seventh column) and percent contribution (to the

total average dissimilarity) atken presentedn the table header, Diss. = dissimilarity.

TheDiss/SD is the ratio of average dissimilarity to the standard deviation of the
dissimilarities for the taxon, and indicates the consistency of the pattern for that taxon;

v al

ues Ocorsistenhpdtiernsa t e
Trial Sampling Average Taxon Average density @ Average Diss  Contribution
Day Diss. root of number Diss. /ISD (%)
0.00385 1)
Control  Disturbed

1 D 41.37 Ostracoda 2.48 2.38 8.60 0.62 20.79
Spionidae 0.95 1.13 8.58 1.1 20.74

Oligochaeta 0.56 0.57 6.50 0.97 15.72

C. volutator 0.66 0.91 6.32 1.03 15.27

Nereididae 0.27 0.18 3.25 0.64 7.86

Nepthytidae 0.20 0.17 2.52 0.60 6.10

Capitellidae 0.14 0.12 2.00 0.49 4.84

0 48.64 C. volutator 1.29 0.38 11.60 1.32 23.85
Oligochaeta 0.80 0.14 7.97 0.95 16.38

Spionidae 0.84 0.32 7.90 1.14 16.24

Ostracoda 2.46 1.95 7.03 1.39 14.46

Capitellidae 0.57 0.00 5.45 0.80 11.20

Phyllodocidae 0.55 0.00 4.99 0.97 10.25

1 47.15 C. volutator 1.46 0.67 11.8 1.25 25.10
Spionidae 0.50 1.12 8.73 1.42 18.54

Oligochaeta 0.75 0.28 7.40 0.93 15.70

Ostracoda 2.54 1.99 6.39 1.34 13.55

Phyllodocidae 0.53 0.08 5.18 0.94 10.99

Nereididae 0.17 0.18 2.64 0.61 5.59

Capitellidae 0.10 0.20 2.42 0.52 5.14

2 52.91 Ostracoda 2.43 1.51 13.62 1.12 25.74
C. volutator 1.32 0.36 11.83 1.33 22.35

Oligochaeta 1.38 0.65 9.97 1.18 18.84

Spionidae 0.88 0.18 8.39 1.26 15.85

Phyllodocidae 0.59 0.00 6.03 0.95 11.40

4 47.20 Spionidae 1.24 0.42 10.% 1.43 23.19
C. volutator 0.98 0.39 9.12 1.23 19.33

Oligochaeta 1.01 0.39 9.05 1.33 19.16

Ostracoda 2.13 1.77 8.63 1.17 18.28

Phyllodocidae 0.68 0.08 7.09 1.08 15.02

7 39.21 C. volutator 1.20 0.59 9.04 1.19 23.06
Spionidae 0.94 0.42 6.76 1.23 17.23

Oligochaeta 1.62 1.08 6.01 1.07 15.34

Ostracoda 2.65 2.14 5.31 1.35 13.55

Phyllodocidae 0.65 0.18 4.78 1.00 12.20

Capitellidae 0.25 0.27 3.10 0.71 7.92

Nephytidae 0.18 0.00 1.81 0.44 4.63

14 41.88 C. volutator 0.61 1.52 10.83 1.32 25.87
Phyllodocidae 1.06 0.10 7.97 1.86 19.04

Oligochaeta 1.78 1.17 7.44 1.05 17.75

Spionidae 0.88 0.29 6.32 1.34 15.44

Ostracoda 2.39 2.25 6.32 1.16 15.10
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