UNIVERSITY OF LEEDS

This is a repository copy of Species interactions modulate the response of saltmarsh
plants to flooding.

White Rose Research Online URL for this paper:
http://eprints.whiterose.ac.uk/148403/

Version: Accepted Version

Article:

Edge, RS, Sullivan, MJP orcid.org/0000-0002-5955-0483, Pedley, SM et al. (1 more
author) (2020) Species interactions modulate the response of saltmarsh plants to flooding.
Annals of Botany, 125 (2). pp. 315-324. ISSN 0305-7364

https://doi.org/10.1093/aob/mcz120

© 2019, the author(s). This is a pre-copyedited, author-produced version of an article
published in Annals of Botany following peer review. The version of record Edge, RS,
Sullivan, MJP , Pedley, SM et al. (1 more author) (2019) Species interactions modulate the
response of saltmarsh plants to flooding. Annals of Botany. ISSN 0305-7364 is available
online at: https://doi.org/10.1093/aob/mcz120

Reuse

Items deposited in White Rose Research Online are protected by copyright, with all rights reserved unless
indicated otherwise. They may be downloaded and/or printed for private study, or other acts as permitted by
national copyright laws. The publisher or other rights holders may allow further reproduction and re-use of
the full text version. This is indicated by the licence information on the White Rose Research Online record
for the item.

Takedown
If you consider content in White Rose Research Online to be in breach of UK law, please notify us by
emailing eprints@whiterose.ac.uk including the URL of the record and the reason for the withdrawal request.

eprints@whiterose.ac.uk
https://eprints.whiterose.ac.uk/



mailto:eprints@whiterose.ac.uk
https://eprints.whiterose.ac.uk/

10
11
12
13
14

Speciesinteractions modulate the response of saltmarsh plantsto flooding

Ryan S. Edge Martin J. P. Sullivaf Scott M. Pedley Hannah L. Mossmah

! School of Science & the Environment, Manchester Metropdlitaimersity, Chester Street,

Manchester M1 5GD, U.K.

2 School of Geography, University of Leeds, Leeds, LS2 9JT, U.K.

* Corresponding author email: h.mossman@ mmu.ac.uk

Ryan S. Edg@yan.edge@mmu.ac.pk

Martin J.P. Sullivanm.j.sullivan@leeds.ac.}|

Ik

Scott M. Pedley

s.pedley@mmu.ac. ik

Running head: Trait responses to chronic flooding and composition


mailto:ryan.edge@mmu.ac.uk
mailto:m.j.sullivan@leeds.ac.uk
mailto:s.pedley@mmu.ac.uk

15
16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

ABSTRACT

Background and aims: The vegetation that grows on coastal wetlands is impddaetosystem
functioning, a role mediated by plant traits. These tcatsbe affected by environmental stressors
and by the competitive environment the plant experiences. Hitiwedgmportance of these influences
on different traits is poorly understood and, despite theatatigectations for how factors may
interact, empirical data are conflicting. Our aimstardetermine the effect of floodipngpecies
composition and their interaction on plant functional traitg] assess the role of biodiversity and
species composition in driving community-level responses to flooding.

Methods: We conduatd a factorial glasshouse experiment assessing the effespedts

composition (all combinations of three saltmarsh species;; #ipelium, Plantago maritima and
Triglochin maritima) and flooding (immersion of roots) on desof functional traits. We also related
biomass in mixed species pots to that expected from monoaultuassess how species interactions
affect community-level biomass

Key results: Species composition frequently interacted with floodingpfioence functional traits

and community level properties. However, there was alsodenadile intraspecific variability in

traits within each treatment. Generally, effects obfling were more pronounced for belowground
than aboveground biomass, while composition affected abovegbiomdss more than belowground
biomass We found both negative and positive interactions betweearesp@ndicated by differences
in above and belowground biomass from expectations under monoguitess)ing that composition

was an important determinate of community function.

Conclusions: While the effect of flooding alone on traits was relativeBak, it interacted with
species composition to modify the response of both individual aadtsommunities. Our results
suggest that responses to increased flooding will be complex antldap@eighbourhood species
interactions. Furthermore, intraspecific trait variapils a potential resource that may dampen the

effects of changes in flooding regime.

Keywords: Competition, Coastal, Functional trait, Inundation, Faxilie interaction, Ecosystem

function.
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INTRODUCTION
Saltmarshes provide important ecosystem services, such ag poatstetion, carbon sequestration
and water purification (Barbier et al., 2011). However, tlowipion of these ecosystem services by
saltmarshes is likely to be affected by sea-level rise {€taf., 2009). This may increase the
provision of some ecosystem services, such as carbon sequestiagiom higher rates of
sedimentation (Rogers et al., 2019). However, the provision ojsteos services may be affected by
shifts in plant community composition towards species tolefamore frequent tidal inundation
(Donnelly and Bertness, 2001). Predicting the consequences efctimsges for ecosystem seevic
provision is challenging, as it requires knowledge of how plant contyndinersity and composition
affect ecosystem functioning and service delivery. Althoughtthas been widely investigated in other
systems (Tilman et al., 2014), evidence from saltmarshes igdinttixisting studies do support a
positive relationship between plant diversity and ecosystemidmiag (Rupprecht et al., 2017,
Moller et al., 2014, Ford et al., 2016, Sullivan et al., 20Du} effects may relate to the impact of a
few functionally important species that are more likelpégresent in diverse communities (Sullivan
et al., 2007)

The effect of plants on ecosystem service delivery is infle@y their traits (Diaz et al.,
2013), which vary both between species and within speciesspetridic trait-variation can be
substantial, especially across environmental stress gradiedtis due to both turnover in genotypes
across gradients and phenotypic plasticity within a single geediiler and Brix, 2012, Richards et
al., 2010). Environmental changes can therefore affect ecosfigtetioning by changing the
distribution of traits within a species as well as by changingispeomposition, and these intra-
specific changes are likely to be especially important inispgpoor habitats such as saltmarshes.
Phenotypic plasticity can also be exhibited in responsenpetition (Venterink and Gusewell, 2010,
Weiner et al., 1990). Plastic changes in response to compdtitiade changes to root architecture to
avoid competitors and increased height to overtop compe{@ailaway et al., 2003). These changes
to plant traits could influence ecosystem function. &@mple, root biomass has been shown to
positively influence sediment stability in saltmarshes (Febral., 2016), while root architecture
(density, length, depth) influences soil carbon cyclingBgn et al., 2008). Plant height and shoot
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stiffness can determine the effectives of wave attenuatiohemzk influence coastal protection
(Moller et al., 2014, Bouma et al., 2005). Species interactiande positive as well as negative
(Bertness and Shumway, 1993), and these facilitative ink@naanay cause phenotypic plasticity
(Callaway et al., 2003), but the effects of this are poorly wholed.

Currently, there is limited understanding of the relativedrtgnce and interactions of
environmental stress and neighbourhood species competition in gifigerait plasticity and
ecosystem functioning. Saltmarsh plant communities provide a madehsjor studying these
responses, as there are marked environmental gradients dritidalliyundation (Chapman, 1939)
many species have broad niches potentially allowing phenotysitigithaacross these gradients
(Sullivan et al., 2018), competitive and facilitative intéi@ns are important for shaping plant
community structure (Bertness and Shumway, 1993) and speciessidght@v (median species
richness in a 0.5 by 0.5 m quadrat = three species, basedadnodatUK saltmarshes from Mossman
et al., 2012) meaning that species interactions can be nsikewalerstood. Previous work in
saltmarshes has found that traits relating to plant heifghbimmass allocation do vary along an
environmental stress gradient due to changes in species coomp(dinden and Kleyer, 2011
Minden et al., 2012), but the effect of species interactiodsraerspecific trait variability on trait
responses to these tidal inundation stress gradients are nat.know

Understanding how plant traits vary with differential tislindation is important as future
chronic sea-level rise will increase the duration and #eqy of tidal inundation plant communities
at a given elevation will be exposed to, while incesaa storm frequency will increase the risk of
acute flooding in the upper marsh and areas not normally expmsddl inundation. The responses
of plants to environmental change vary depending on whether chapgd®Eet-term pulses or long-
term presses (Smith et al., 2009, Sullivan et al., 2016)tHerefore important to have studies
spanning the continuum of responses from acute flooding (e.¢pyHetral., 2017), to chronic change
(e.g. Ury et al., 2019), to variation across spatial gradiin inundation (Minden et al., 2012) to
capture this range of responses.

In this study we investigated how flooding, and resultant waterlogginigh are the
dominant controls on the distribution of saltmarsh plants (Daai,2011), effects saltmarsh plant
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functional traits. We exposed plants to a five month longding treatment, simulating chronic
changes in a plant’s environment as may occur under sea-level rise. As well as examining the effect of
flooding alone, we also test whether plant species compositiodivrdity affect responses to
flooding. We measured a suite of functional traits poteptialated to ecosystem functioning and
service provision. These are plant height and width (ther lattomponent of overall vegetation
density, and both have been linked to wave attenuationt@teAnderson and Smith, 2014,
Rupprecht et al., 2017)), number of leaves and specific leaf(finked to resource acquisition
(Cornelissen et al., 2003)), aboveground biomass (a proxy for protjuas measurements were
over one growing season and also related to wave attenuatatiglotPaul et al., 2016)) and
belowground biomass (linked to productivity andediment stability (Gyssels et al., 2005, De
Battisti et al., 2019)). We also measured community levéliecaeabove and belowground biomass,
canopy cover and side-on density (both related to habiteispo for invertebrates (Ford et al.,
2017), the latter also related to wave attenuation (Méller, 2006ing this experiment, we examined
(2) the role of flooding and species composition in affectingtglanctional traits, (2) whether
neighbourhood species composition modified responses to flooding)ahé fole of biodiversity

and species composition in driving community-level responssaning.

METHODS

Study species

We investigated responses of three study species, sea asteripstiemt, sea plantain Plantago
maritima and sea arrowgrass Triglochin maritima (heneafteer, PlantagoTriglochin), to
experimental flooding. Aster is a pauciennial {dPlantago and Triglochin are perennial forbs. Study
species were selected as they overlap in their niches, andaseiar, but differ in niche centroid,

both where niche is defined by relating occurrence in thaalataltmarshes to elevation alone (Fig.
S1) and in relation to elevation and redox potential (&ulliet al., 2018)Aster grows across a wide
range of elevations and flooding frequencies (Gray, 1¥1antago and Triglochin have narrower
niches in the higher elevations of Astatiiche (Gray, 1971; Fig. S1)riglochin is more tolerant of

waterlogged soils than Plantago (Sullivan et al., 2018) aigibchin is commonly found in
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waterlogged areas at the edges of pannes (Fogel et al., 2004)u@stuities have indicated that
there may be competitive interactions between these spbaigsjs not clear which species are

competitively dominant and in what circumstances (Davy asddp, 1991)

Experimental design

The experiment was designed to alter environmental conditions wéistining within the study
species’ fundamental niche, equivalent to moving frorawell drained or infrequently flooded part of
the saltmarsh (unflooded treatment) to more frequentiiydated or poorly drained area (flooded
treatment).

The plants used in the experiment were plugs grown by Britisiifiddivers (North
Burlingham, Norfolk) from seeds we obtained from three sitesss the UK (Southport 53.6785, -
2.9873; Freiston 52.9643, 0.09200; Steart 51.2006, -3.0314) and from acn@sgthef elevations at
each site. This was to maximise the genetic variationwiipecies. Seed was thoroughly mixed prior
to planting.

In December 2017, pots (diameter 23 cm, volume 5 I) weed fillith a ratio of 1:3 of sand
and loam (Boughton Kettering Loam, Amenity Land Solutions.WB&ch pot was planted with six
nursery-grown plugs in the seven possible planting combinatiensghiiee single species
combinations, three two-species combinations and one theeeesgomposition). Each species
combination was replicated 16 times in a fully factoriabghouse experiment. Eight replicates were
assigned to the flooded treatment and eight to the unfloogdchirt. The experiment totalled 112
pots and 672 individual plants. Composition treatments areedfty subsequently by the first letter
of each species name, e.g. PA is Plantago and Aster.

Pots in the flooded treatment were placed in 10 cm deepthatysere filled to a depth of 7
cm with saline water (at 50% seawater strength, 17*®§lhstant Ocean®, Blacksburg, VA, USA)
for the duration of the experiment; water was regularly edmmp to 7 cm depth with fresh wat8ee
Hanley et al. (2019) for a comparison of effects on plantsneitbral seawater. Plants in the

unflooded treatment were watered to saturation every tlageand allowed to drain freely. Pots
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were randomly distributed throughout the greenhouse. A 12 houliglarkycle was provided and

minimum temperature was kept at above 10 “C throughout the experiment.

Trait measurements
In May 2018, after a five month growth period, we measureerstaits of each individual and five
community (whole pot) measures. Plant height and width wasurezhfrom the base of each plant to
the maximum height and widest part of the individual. The numbeeproductive structures (flower
and seed heads) was recorded on each individual. The six ural&/id each pot were then carefully
separated by washing soil from the roots over three gradissives (minimum 20 pm). The number
of live leaves on each individual were counted and thremgedeaves were selected to calculate
specific leaf area (Perez-Harguindeguy et al., 2013). &atttese leaves were placed on a flatbed
scanner and scanned at 300 dpi with a resolution of 4961 x 3508 tactkeaalculated using the
image processing software ImageJ. Leaves were drigd@tfor 24 hours and then weighed. The
remainder of the aboveground plant material was harvestedtrigadat D°C for 48 hours to calculate
aboveground biomass; the mass of the three leaves harvesspddific leaf area was added to the
total and aboveground plant mass. The remainder of theaeilvashed from roots of each individual
through the three graduating sieves, and belowground mateltected and dried at07C for 48
hours to quantify belowground biomass. Above and belowground bioneaesummed for each
individual to calculate total biomass, and the ratio of alboveelowground biomass was calculated.
To assess community performance, aboveground and belowgramaldsi and total
biomass in each pot were quantified by summing the measuiefoettie six individuals. In
addition, we quantified the cover of vegetation in the potnwhewed from directly above (top-down
vegetation cover, cfpand vegetation density, quantified as the area coverpthbis when viewed
from the side (side-on surface area?ci8ide-on surface area and top-down vegetation cover were
guantified by taking standardised photographs. Images for sidaertate area were taken by placing
pots against a white background mounted 5 cm from the bahk pbt. A photograph was taken
focused on the centre of the pot on a tripod-mounted ShiRr@aperpendicular to the pot from a

distance of 1 m. Dispersed room lighting was used to avoid ovesasg To measure top-down
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vegetation cover, the pot was then placed onto a dark backbemd an image taken from 1 m
directly above the pot. The areas covered by vegetation phtitegraphs were calculated using

Imaged.

Data analysis

Samples sizes varied due to accidental sample destrucadalioratory flood (all sample sizes by
treatment are given in the Table Sla and b). Due to progessnstraints, sample harvesting
occurred over a two week period, so to reduce bias in adaiiopowth, care was taken to ensure
samples selected for processing on a given day were distriortess treatments. This resulted in
missing data being randomly distributed among pots and so doessiatatistical analysis
(Ellington et al., 2015).

All analysis was conducted in R (R Development Core Te&i8). The effect of flooding
on the proportion of individuals of a species surviving was assesed hinomial test. A chi-
squared test was performed for each species to assessdhendifin number of reproductive
structure between the flooded and unflooded treatments. Triaibility was quantified as th
interquartile range divided by the median, which provides apaoametric analogue to the
coefficient of variation. This was calculated at threelle across species, within species and within
species and treatments. The effect of flooding and compositidrtheir interaction, on each of the
traits was assessed with general linear models, with sepacakels for each species. To meet
assumptions of normality and homogeneity of variances, totabisnabove:belowground ratio and
specific leaf area were log transformed, and width wasreguat transformedrhe number of leaves
was modelled in an equivalent way but using a generalised timedel and a Poisson-error
distribution as the response variables were count data.

To investigate whether species composition and diversitytaffdiomass we compared
observed pot-level values of aboveground, belowground andtotahss with expected values based
on the constituent species’ performance in the monoculture treatment of this experiment (Loreal a
Hector, 2001). To do this whilst accounting for intra-spedcifiriation, we randomly selected n plants

from the pool of individuals of the species from monoculture pdisemppropriate flooding



209 treatment, where n is the number of that species in thettpot. Dead individuals were not counted
210  for this calculation of n. We repeated this sampling 1000 timebtain a distribution of expected

211 values for each pot. We then calculated the standdrdf$ect size of biomass in each pot as observed
212 biomass minus the mean of expected biomass, divided by the staedé&tion of expected values
213 (Gotelli et al., 2011)Positive values indicate that biomass is greater than expected given species’

214  performance in monoculture (overyielding), while negative emlindicate that biomass is less than
215  expected (underyielding). To test whether composition affentedunderyielding, we used one

216  sample t-tests to assess if the mean biomass standardis¢diefen a treatment differed from zero.
217

218 RESULTS

219  Effects of flooding on individual plants

220  Nineteen individuals died (17 Aster, 2 Plantago, no Triglochinpduhe experiment, with no

221  statistically significant difference between the flooded amitboded treatments (Aster: 11 out of 17
222 died in the flooding treatment, binomial test P = 0.33; insufitcsample size for other species).

223  Thirty two individuals across all species (<5% of plants) lepdaductive structure (25 Plantago, five
224  Triglochin, two Aster). More individuals had reproductive structireke unflooded treatment,

225  although this difference was not statistically significant (16f%ll Plantago had reproductive

226  structures in the unflooded treatment compared to 7 % itabeefd treatment, binomial test P =

227  0.11; note limited statistical power for Plantago and insefficsample size for statistical analysis
228  with other species).

229 There was substantial intra-specific variability in adits of all species (Fig. S2, Table S2)
230  with intraspecific variation amounting to 71.5 % (+ 18.7 B9 8f the total variation in a trait. Trait
231  variability, quantified as the ratio of the interquartitnge to the median, was similar when calculated
232 at cross-species, within species, and within species atctant levels (Fig. S2).

233 Flooding affected the traits of all study species when growmoimoculture, but the traits

234  affected varied among species. Flooding reduced the numlazrves and specific leaf area, but

235 increased the ratio aboveground to belowground biomass far(ks{eeaves): -0.103 £ 0.045, z = -
236 2.29,df =93, P =0.022; In (SLA): -0.462 + 0.130 SE, t = 3.54,&f, P < 0.001; In (AGB:BGB):
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0.956 +0.302 SE, t = 3.17, df = 86, P = 0.002). For Plantago, floodireased height and width but
reduced the ratio of aboveground to belowground biomass (H8@Bt+ 10.6 SE, t = 8.60, df =

92, P <0.001; sqgrt(Width): 2.40.5 SE, t = 4.52, df =92, P <0.001, In (AGB:BGB): -0.546 £ 0.252
SE, t=2.17, df = 86, P = 0.033). For Triglochin, flooding reddubedhumber of leaves (In (Leaves):
-0.103 £0.048, z = -2.16, df = 93, P = 0.031). All other specatsepmbinations did not differ

statistically significantly between flooded and unfloodedtments.

How does compaosition effect trait responses to flooding?

For 14 out of the 18 trait-species combinations examined, thensspo flooding was statistically
significantly different from that in monoculture in at lease composition treatment (Fig. 1, Table
S3). Reversal of flooding effects in monoculture (including wieffiects in monoculture were not
statistically significant) occurred in nine trait-species carations, strengthening of effects occurred
in five and weakening occurred in two. The type of intiioaadid not closely relate to either the trait
investigated or the focal species, except for all weakeniagaiction effects being for Plantago (Fig.
1). For Aster, the effect of flooding reversed to incrdatd biomass in the TA composition
treatment, reduce relative allocation to aboveground lisnmathe TA and PA treatments, reduce
height in the PA treatment, and increase SLA in the Rt@@a lesser extent TA treatments. The
effect of flooding on the number of leaves strengthened froomasignificant negative effect to a
strong negative effect in the PTA treatment. For Plantdogochange in height and width in response
to flooding seen in monocultures was not evident in the PT, PidAteight only) PA treatments.
Flooding increased the number of leaves and specific leafratbe PA treatment, but this effect on
the number of leaves was reversed in the PTA treatmenTrigochin, the response to flooding
changed from being weakly positive/ negative to strongly igedit the PTA treatment for height,
width, number of leaves and AGB: BGB ratio. For thefer three traits, this effect was also seen in
the PA treatment. For AGB: BGB ratio, this also im@ed with flooding for the PT treatment, while
the response of specific leaf area to flooding switched freimgbweakly positive to negative in the

PT treatment.

10
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Species composition also affected traits independentlpodithg (Fig. 1, Table S3). Aster
biomass was lower in the PTA treatment, while the numbleawes was lower in the PA treatment.
Plantago had higher biomass in the PT treatment. Triglochitohas biomass in the TA treatment,
lower AGB: BGB ratio in the PTA treatment, lower heighthe PA treatment, more leaves in the PT

treatment and greater specific leave area in the Pfutegd.

Effect of flooding and composition on pot level metrics

The effect of flooding and species composition on vegetation emvedensity, measured
respectively as top-down area and side-on area, was limiei#tther flooding nor composition
consistently affected top-down area, but there was a Etalligisignificant interaction between
flooding and composition, with greater top-down area irfldezled treatment for the PA and PT
compositions (Fig. 2, Table S4). Side-on area was not retafexbding, composition nor their
interactions (Table S4). Aboveground biomass was related toositiop, with higher biomass in the
P and PT composition treatments, but was not relatiolading except for in the PA treatment,
where aboveground biomass was lower when flooded (Fig. 2). Flometinged belowground
biomass, except for in the P and TA treatments, where feis @fas reversed. There were also some
effects of composition, with lower belowground biomass inltAdreatment than the PT treatment
(Fig. 2).

Species composition treatments showed both over and underyieldirmgmass relative to
expectations based on species’ performance when grown in monoculture. The PA treatment showed
underyielding (i.e. lower biomass than expected) but only when floodéld the TA treatment
showed underyielding in both flooded and unflooded treatments (Fig. &ntrast, the PT treatment
showed overyielding (i.e. higher biomass than expected), significamtivhen flooded (Fig. 3).
These compositional effects largely cancelled each oiltein the PTA treatment, where total
biomass did not differ significantly from expected valuehoalgh aboveground biomass was lower
than expected in the unflooded treatment. Over and undiéingelere primarily through changes to
aboveground biomass, with the only deviation in belowground bion@sseikpected values being
underyielding in the unflooded TA treatment.

11



292

293

294

295

296

297

298

299

300

301

302

303

304

305

306

307

308

309

310

311

312

313

314

315

316

317

318

319

These differences from expected values can be further igetest by looking at species-level
departures from expected biomass in monoculture. The lower potd¢aidbiomass in the flooded
PA treatment is reflected in the lower than expected &ssnof both Aster and Plantago, while the
lower pot-level total biomass in the TA treatment and higiemnass in the PT treatment mostly

relates to the response of just Triglochin and Plantago respe¢tig S3.

DISCUSSION

Flooding, species composition and their interaction affeabdu $pecies traits and total pot-level
biomass. However, these effects were generally weak, ardagainst a backdrop of marked
intraspecific trait variability within each treatmefitis implies that changes in plant traits, and hence
potentially in ecosystem service provision, in responsetaling will be variable and depend on the
intra- and interspecific composition of communities. Oveflmoding affected belowground biomass
more than aboveground biomass, while composition affected gdmowel more than belowground
biomass, but there was variation amongst species in their respdim®ling and composition. In
line with expectations based on species’ niches, Triglochin responded least to flooding when in
monoculture, although this response was affected by species caoompdsidmpositional affects and
interactions with flooding were dependent on the identitytafracting specieDepending on the
species pair, inter-specific interactions led to underyielfiimgot-level biomass relative to
expectations from monoculture) that was independent of floodingrteestunderyielding but only in
the flooding treatment, or overyielding enhanced by flooding. Thiggiiyef responses meant that
compositional effects on pot-level biomass were largelyaibattout in the three species treatment
or that there were interactions that only manifestedwthere were three species.

Triglochin was little affected by the chronic flooding and @sultant waterlogging when
grown in monoculture with only one trait, a reduction inthenber of leaves, altered by the flooded
treatment. This supports the expectations we had based orhits acit is known to be relatively
tolerant of waterlogged soils (Fogel et al., 2004, Sulliveal.e2018), particularly in saline conditions
(Davy and Bishop, 1991). Furthermore, in waterlogged soilsdafigh increases the production of
surface roots, which raises the surface of the marsh, antieigotlae conditions and allowing other

12



320 species to colonis@ogel et al., 2004). While we found no difference in the ab@welowground

321 biomass ratio, there may have been a switch from the prodwftdeeper roots to surface roots in
322  the flooded conditions that we did not capture, as we measuredataaground biomass rather than
323  root architectureln addition to the total root biomass, root porosity andimgadepth are among a
324  range of adaptations that halophytes have to flooding (CanefFlowers, 2008We found that

325 Plantago and Aster had contrasting responses of belowground biorflassling, with significant

326  reductions in Aster and significant increases in Plantalgese species differ in their root porosity
327  response to flooding (Justin and Armstrong, 1987), while it is unkteaurthis relates to belowground
328 biomass, as increased porosity may reduce root mass, teageed aerenchyma increases tolerance
329 to anoxic, waterlogged soils (Colmer and Flowers, 2008). Wikdstlo not know the full suite of

330 adaptations for each of these species, the diversity of abter@chanisms could explain the

331  differential responses we observe here. As changes in root bisntiae$y to influence sediment

332  stability, the variable responses of species to chronic floodaansnthat changes in the provision of
333  erosion protection services are likely to be complex.

334 Very few individuals died during the experiment (<3%) indicathag, in line with our aim,
335 the flooding treatment was insufficiently harsh to result intsutiel deaths over the five month

336  experimental period. While we did find some effects of floodihgre was, for example, no effect on
337  total biomass and so it is possible that the flooding treatwennot stressful enough to elicit

338  sufficiently strong responses to quantify. Previous studies wititasitreatments have found

339 responses (e.g. Huckle et al., 2000, Wang et al., 2006) eeerjust two months (Cooper, 1982).
340  While our results of plant performance under chronic floodingWwenadly consistent with our

341  expectations based on their realised niches, the sensitifibotling was low. We would expect the
342  sensitivity to increase if the study was repeated wittsplamted seedlings or at germination, as

343  responses to flooding has previously been related to ontogenyni@ager et al., 2012, Lum and

344  Barton, 2020).

345 There was substantial intra-specific variability in aits of all species. This variation was
346 independent of the environment (i.e. flooding and composition tezdisinand at the level of

347 individual, and so is likely to be driven by the genetic diversi individuals, particularly since we
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collected seed from a number of geographically distineitions. High levels of intraspecific trait
variation, such as we observed here, can affect plant sptmflooding (White et al., 2014) and
this variability in responses can confer resilience of ecesyfiinctions to future environmental
changes, such as increases in flooding with sea level-rise(@t al., 2015).

Although genotypic variation is likely to contribute to the eved intraspecific trait
variation (Hughes et al., 2008), treatment effects wijdayr reflect plasticity within a genotype as
plants were randomly allocated to treatments from diversessegdes. The low mortality observed
in this experiment indicates that the effect of flooding adposition treatments were not strong
enough to pose a filter restricting which genotypes couldwurkiowever, over longer time-scales
flooding could alter the relative fitness of different gepes, leading to a non-random distribution of
genotypes across flooding gradients. This could mean thagstreffects of flooding on traits than
found here would be observed by looking at spatial variatitraits across inundation gradients, as
that would also capture intraspecific trait variation tugirnover in genotypes.

Our results indicate that species composition frequently modifeedesponse of plants to
flooding, including reversing effects observed in monocultures Sipports previous observations
that interspecific interactions can modify how aboveground grofwhltmarsh plants varies with
environmental conditions (Huckle et al., 2000, Wang et al., 2006). Gitigqmoalso affected plant
traits independently of flooding treatment, with the greatestber of composition effects on traits
observed for Triglochin. Compositional effects could Weugh competitive interactions. These
interactions can alter the ratio of aboveground and belamgrbiomass, with greater belowground
allocation if competition is primarily for soil resourgdsiman and Wedin, 1991), and greater
aboveground allocation if competition is primarily for lighteMalach et al., 2016). There is some
evidence from saltmarshes that competition can increase biait@sgion to root mass (Dormann et
al., 2000, Redelstein et al., 2018), but other studies find compotitimostly affect aboveground
rather than belowground biomass (Huckle et al., 2002). Outseme consistent with the latter, with
aboveground biomass deviating from expected monoculture valugisémspecies-treatment pairs,
compared to three for belowground biomass. Some changes itrplemtvere consistent with
competition for light. For example, Plantago and Aster bathlower than expected aboveground
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403

biomass when grown together in the flooded treatment, medm@Ehmterspecific competition was
stronger than intraspecific competition. In this treatmerit bpecies had higher specific leaf area,
which is likely to be due to plants investing in wide but teaves to maximise light gathering ability.
Species interactions between our study species, assessed by &akirgand underyielding
by different species in different treatments, do not follolnear hierarchy of competitive
dominance. Aster reduced Triglochin biomass, Aster and Plantalgm inegative effect on each
other’s biomass, while Plantago and Triglochin had higher than expected biomass, sagmi§ico for
Plantago. Intransitive competition loops, where competitiveahébies are non-linear, have
previously been documented in saltmarsh plant communitiesrarubasidered to be important in
promoting species coexisten@drich et al., 2018). Our results show that competition hierasatan
also be broken by positive species interactions. Positiveatiens identified by overyielding could
arise from niche differences reducing competition for resoy/dsr et al., 2007) or through
facilitation, where a species makes the environment more faeua another (Bertness and
Shumway, 1993). The former explanation is perhaps unlikelygiai@ our results as the positively
interacting species (Plantago and Triglochin) had more siafdlaveground growth forms (which
could influence light interception) to each other thizay did to Aster, although it is possible that their
narrow leaves could pack more densely to intercept Ijtliough some species interactions were
independent of the flooding treatment (the negative effect ef Ast Triglochin), other species
interactions differed between the flooded and unflooded treatfibe Stress Gradient Hypothesis
predicts that these positive species interactions will be finequent when environmental conditions
are more stressful (Bertness and Callaway, 1994), as in thedltred¢ment. Consistent with this
expectation, the positive interaction between Plantago dgbbdhin was only statistically
significant in the flooded treatment. Flooding also affecmdpetition, as the competitive interaction
between Plantago and Aster was only evident in the floodedngaatThis is not expected to change
with flooding under the Stress Gradient Hypothesis (Comti.e2017), but could instead result from
environmental stress reducing the ability of plants to tolénége-specific competition (Hart and
Marshall, 2013)Interestingly, the two negatively interacting species p&itartago-Aster and
Triglochin-Aster) frequently co-occur within the same qua@Ballivan et al., 2018), so have some
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ability to coexist. It may be that interactions are noticigffitly asymmetrical for one species to be
competitively excluded (Chesson, 2000), or that underyieldingatsfthanges in plant growth form
that does not necessarily alter plant fitness.

As a result of the opposing nature of interactions betwees glagipecies, or potentially due
to new interactions that only emerge when all three spacegegrown together, total biomass in the
three species treatment did not differ significantly fromeekgd values. This does not mean that
diversity has no effect on biomass in field conditions as ouresgpeoimposition treatments do not
cover the higher diversity levels found on saltmarshes; in > 1000 0.5 byd@u&drats in UK
saltmarshes surveyed by Mossman et al. (2012) there was a mesdiaes sighness of three, but a
maximum species richness of ten. However, by being able tstigate all possible species pairings
in a well replicated experiment, we found an importalé of species composition in influencing
total and aboveground biomass. This is consistent with &eresiudy on saltmarshes in the USA,
which found that diversity effects were primarily due tophesence of particular species rather than
niche complementarity (Sullivan et al., 2007). While we fotlvad species compaosition primarily
affected aboveground biomass rather than belowground biomadstfd. (2016) report that species
richness increases sediment stability to erosion. This differaagdoe because some of the effect of
diversity is only seen at higher species richness levels thanrusedexperiment, although this is
unlikely as some effect of diversity is evident in Fordlef2016) even with three species.
Alternatively, it may be that the complementary naturdifbérent sgcies’ root architecture is more
important for influencing sediment stability than roatrbass alone. The difference in over and
underyielding of aboveground biomass due to species compositioeffactdof species composition
on traits such as plant height, means that composition Edkenifluences how saltmarsh vegetation
attenuates wave energy (Rupprecht et al., 2017). This potfieimiizion can itself be influenced by
flooding, which we find to alter these species interactions.

The variation in functional trait responses to flooding betveperties and species
composition treatments found by our experiment highlights thtealge of predicting how plant
communities will respond to chronic flooding and the consequiattgfon ecosystem service
provision by coastal plants. These differences in responses, combthdrait variability within
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432  species, meant that flooding did not shift any trait in sistent direction across all species and
433  composition treatments. However, it is also this diversity goases that creates the potential for
434  ecosystem functioning and service provision to be resilient tioefuticreases in coastal flooding
435  (Mori et al., 2013), evidenced by the limited effect of floodimgpot-level metrics of biomass and
436  vegetation density (Fig. 2). The community-level effectBanfding can also be buffered by shifts in
437  species composition towards more flood tolerant species, whicbccar even after acute flooding
438 events (Hanley et al., 2017). Such changes did not occur withiexperiment, as mortality was low,
439  but are expected to be increasingly important with irgingeseverity and longer time-scales of

440  environmental change (Smith et al., 2009).

441

442  CONCLUSION

443  We find that flooding and species compaosition interactfecaplant traits, with species composition
444  sometimes altering the direction of flooding effects from tiserved in monoculture. Chronic

445  flooding also modified the positive and negative interacti@ta/den species pairs, with both positive
446  and negative species interactions more evident in the flooekdent. Our results suggest that
447  species identity is an important component of community resgdonglooding, and will likely

448  mediate effects on ecosystem functioning. Collectivelyresults highlight the complexity of

449  predicting how saltmarsh plant functional traits, and hencgystem functioning and service

450  provision, will change with the increase in flooding associatigttl sea level rise. However, it is also
451 this diversity of responses that creates the potential fionaiahes to be resilieto these future

452  increases in coastal flooding.
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632  Figure 1. Effect of flooding and species composition on the traits of indaliglants. Symbols show
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635  Statistically significant interactions, indicating that #ffect of flooding differs from that in the
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637 Composition: A = Aster, P = Plantago, T = Triglochin Composition

638  Figure 2. Effect of species composition and flooding on pot-level metricss 8aow estimated

639 means = SE from linear models of each variable as a funattitooding treatment, composition and
640 their interaction. Flooding treatmenicompaosition combinations with different letters are stasittyic

641  significantly different from each other (P < 0.05hote that flooding, composition and their

642  interactions can have statistically significant effects évieaatment- composition combinations do
643  not differ significantly from other combinations, as theydifferent contrasts to the same linear

644 model.
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Figure 3. Effect of composition and flooding treatments on abovegroundwgebund and total
biomass. Biomass values are expressed as standardised effecekitive to expected values based
on each species performance in monoculture. Values gteaterero indicate that observed biomass
is greater than expected (overyielding), while negativeegailodicate that observed values are less
than expected (underyielding). Points show mean values rSfac¢h treatment combination.
Asterisks indicate significant differences from zero assessed ase-sample t tests, *** P < 0.001,

** P <0.01, * P<0.05). Species composition treatments are latsdlauFig. 2.
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SUPPORTING INFORMATION

Figure S1. Elevation range of study species.

Figure S2Intraspecific variation in traits.

Figure S3. Over and underyielding separated by species.

Table S1a and b. Sample sizes for individual and pot levelsesal

Table S2. Variation (median and confidence intervalsjaiitstin the unflooded monocultures (UF

Mono) and across all individuals in all treatments (All).

Table S3. Coefficients of linear models of individual plantgra

Table S4. Coefficients on linear models of pot-level metrics
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Ryan S. Edge, Martin J. P. Sullivan, Scott M. Pedley,nidarlL.. Mossman

Speciesinteractions modulate the response of saltmar sh plantsto flooding:

SUPPORTING INFORMATION

Figure S1. Elevation range of study species.

Figure S2Intraspecific variation in traits.

Figure S3. Over and underyielding separated by species.
Table S1a and b. Sample sizes for individual and pot levelsesal

Table S2. Variation (median and confidence intervalsjaiitstin the unflooded monocultures (UF

Mono) and across all individuals in all treatments (All).
Table S3. Coefficients of linear models of individual plantgra

Table S4. Coefficients on linear models of pot-level metrics.
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Figure S1. Elevation range of study species. Data are from (Sullivah,e018, Sullivan et al.,
2017) Elevations are expressed as relative tidal height, whicktandardised relative to mean high
water spring (MHWS) and mean high water neap (MHWN) to aflomiparison amongst sites with
different tidal ranges.
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Figure S2. Inter and intra-specific variability in the suite ofitsgoresented in Figure 1. For each trait,
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a non-parametric analogue of the coefficient of variaiitteyquartile range/ median x 100, was

calculated at three levels (1) cross species, pooling daissaspecies and treatments, (2) within

species, pooling data across treatments, and (3) within eatibsspad treatment combination.
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Figure S3. As Fig. 3, but calculating biomass standardised effect sizembih species separately.

Values greater than zero indicate that the species hag high@ss in the treatment than expected

based on its performance in monoculture, while negative valuesiiadhat it has lower biomass

than expected.
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Table Sla. Sample size for analyses at the individual level. Maximumbrer of individuals is 224.

Height Width Number of Total AGB:BGB Specific
leaves biomass leaf area
Astert 207 207 217 203 202 186
Plantagd 222 222 222 214 214 197
Triglochin 224 224 219 211 208 196

! Not including the 17 individuals that diediNot including the 2 individuals that died.

Table S1b. Sample size for analyses at the pot level per treatizximum number of pots per

treatment-composition is eight.

Composition
A T PA TA PT PTA
Unflooded 8 4 8 6 7 7
Flooded 8 7 7 5 8 7

Table S2. Variation (median and confidence intervals) in traith&unflooded monocultures (UF

Mono) and across all individuals in all treatments (All)

Aster Plantago Triglochin

UF Mono All UF Mono All UF Mono All

, 2504 138 130 95 140 148 170
Height (mm) ]

Median 170 170 120 180 240 220

75% 196 215 170 230 330 270

Width (mm) 25% 88 110 153 100 180 175

Median 120 175 190 150 210 230

75% 173 270 265 220 280 310

250 12 13 21 11 13 16

Number of leaves  Median 17 23 32 19 19 25

75% 31 34 43 29 25 38

25% 3.8956 2.6651 4.9200 2.3157 3.3599 3.9775

Total biomass (mg) Median 5.3420 5.3618 8.0370  4.5735 5.7979 6.5738

75% 7.6753 8.4739 10.8025  7.5285 8.4576  10.9913

25% 0.3601 0.6032 0.7927 0.4427 0.5787 0.7425

AGB:BGB ratio Median 0.8411 1.5049 2.0640 1.3080 1.2121 1.5899

75% 2.0028 3.4261 3.9904  5.3719 5.3246 41715

-~ 250% 10.99 6.27 5.33 7.98 5.67 6.58

(Snﬁ’ﬁg”;;‘gf)af area - dian 1482 10.02 768  11.70 7.67 8.71

75% 23.99 15.42 10.11 17.97 11.71 12.89
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Table S3. Coefficients of (generalised) linear models relating trditadividual plants to flooding
treatment, composition treatment and their interacBeparate models were fitted for each species-
trait combination.

Species  Trait Term Estimate SE t* P
Aster Total biomass (Intercept) 1.702 0.115 14.76 <0.001
Aster Total biomass Flooded -0.368 0.165 -2.23 0.027
Aster Total biomass Composition PA -0.195 0.196 -1 0.321
Aster Total biomass Composition - PTA -0.716 0.225 -3.18 0.002
Aster Total biomass Composition -TA -0.709 0.212 -3.35 0.001
Aster Total biomass Flooded:Composition PA -0.237 0.289 -0.82 0.415
Aster Total biomass Flooded:Composition - PTA 0.217 0.323 0.67 0.503
Aster Total biomass Flooded:Composition TA 0.615 0.293 2.1 0.037
Plantago Total biomass (Intercept) 1.938 0.087 22.3 <0.001
Plantago Total biomass Flooded 0.023 0.127 0.18 0.856
Plantago Total biomass Composition PA -0.065 0.149 -0.43 0.665
Plantago Total biomass Composition PT 0.489 0.149 3.27 0.001
Plantago Total biomass Composition - PTA -0.035 0.181 -0.19 0.847
Plantago Total biomass Flooded:Composition PA -0.406 0.214 -1.9 0.059
Plantago Total biomass Flooded:Composition PT -0.014 0.214 -0.07 0.948
Plantago Total biomass Flooded:Composition - PTA 0.325 0.252 1.29 0.199
Triglochin Total biomass (Intercept) 1.672 0.139 12.06 <0.001
Triglochin Total biomass Flooded -0.187 0.19 -0.99 0.325
Triglochin Total biomass Composition PT 0.287 0.231 1.24 0.217
Triglochin Total biomass Composition - PTA 0.018 0.262 0.07 0.945
Triglochin Total biomass Composition -TA -0.645 0.228 -2.82 0.005
Triglochin Total biomass Flooded:Composition PT 0.115 0.321 0.36 0.721
Triglochin Total biomass Flooded:Composition - PTA -0.376 0.376 -1 0.319
Triglochin Total biomass Flooded:Composition TA -0.041 0.324 -0.13 0.9
Aster AGB: BGB (Intercept) -0.207 0.202 -1.03 0.306
Aster AGB: BGB Flooded 0.956 0.289 3.31 0.001
Aster AGB: BGB Composition PA 0.708 0.343 2.07 0.04
Aster AGB: BGB Composition - PTA 0.439 0.395 1.11 0.267
Aster AGB: BGB Composition -TA 0.994 0.371 2.68 0.008
Aster AGB: BGB Flooded:Composition PA -2.015 0.507 -3.98 <0.001
Aster AGB: BGB Flooded:Composition - PTA -1.028 0.566 -1.81 0.071
Aster AGB: BGB Flooded:Composition TA -2.117 0.517 -4.09 <0.001
Plantago AGB: BGB (Intercept) 0.65 0.176 3.69 <0.001
Plantago AGB: BGB Flooded -0.546 0.258 -2.12 0.036
Plantago AGB: BGB Composition PA -0.118 0.303 -0.39 0.698
Plantago AGB: BGB Composition PT -0.04 0.303 -0.13 0.896
Plantago AGB: BGB Composition - PTA 0.368 0.368 1 0.318
Plantago AGB: BGB Flooded:Composition PA 0.171 0.434 0.39 0.693
Plantago AGB: BGB Flooded:Composition PT 0.577 0.434 1.33 0.185
Plantago AGB: BGB Flooded:Composition - PTA 0.073 0.512 0.14 0.887
Triglochin AGB: BGB (Intercept) 0.507 0.313 1.62 0.107
Triglochin AGB: BGB Flooded 0.697 0.433 1.61 0.109
Triglochin AGB: BGB Composition PT -1.017 0.523 -1.95 0.053
Triglochin AGB: BGB Composition - PTA -1.58 0.591 -2.67 0.008
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Triglochin AGB: BGB Composition -TA -0.278 0.516 -0.54 0.591
Triglochin AGB: BGB Flooded:Composition PT 1.917 0.733 2.61 0.01
Triglochin AGB: BGB Flooded:Composition - PTA 2.545 0.852 2.99 0.003
Triglochin AGB: BGB Flooded:Composition TA -0.256 0.734 -0.35 0.728
Aster Height (Intercept) 164.2 7.1 22.99 <0.001
Aster Height Flooded 6.6 10.2 0.65 0.516
Aster Height Composition PA 4.3 12 0.36 0.719
Aster Height Composition - PTA -3.3 13.8 -0.24 0.81
Aster Height Composition -TA -15.9 12.6 -1.26 0.208
Aster Height Flooded:Composition PA -37.7 17.6 -2.14 0.033
Aster Height Flooded:Composition - PTA -38.2 19.8 -1.92 0.056
Aster Height Flooded:Composition TA 2.9 17.5 0.16 0.87
Plantago Height (Intercept) 135.6 7.8 17.38 <0.001
Plantago Height Flooded 90.9 11 8.23 <0.001
Plantago Height Composition PA 70.8 13.4 5.28 <0.001
Plantago Height Composition PT 52.3 13.4 3.9 <0.001
Plantago Height Composition - PTA 47.8 155 3.09 0.002
Plantago Height Flooded:Composition PA -77.1 19 -4.06 <0.001
Plantago Height Flooded:Composition PT -67.9 19 -3.58 <0.001
Plantago Height Flooded:Composition - PTA -83.5 21.9 -3.81 <0.001
Triglochin Height (Intercept) 239 10.7 22.24 <0.001
Triglochin Height Flooded 5.7 15.2 0.38 0.706
Triglochin Height Composition PT -5 18.6 -0.27 0.788
Triglochin Height Composition - PTA -109.4 21.5 -5.09 <0.001
Triglochin Height Composition -TA -39.4 18.6 -2.12 0.035
Triglochin Height Flooded:Composition PT -19.5 26.3 -0.74 0.46
Triglochin Height Flooded:Composition - PTA 95.2 30.4 3.13 0.002
Triglochin Height Flooded:Composition TA 33.6 26.3 1.28 0.202
Aster Width (Intercept) 11.3 0.397 28.36 <0.001
Aster Width Flooded 0.7 0.565 1.28 0.2
Aster Width Composition PA -0.6 0.668 -0.84 0.4
Aster Width Composition - PTA -0.5 0.769 -0.64 0.522
Aster Width Composition -TA 0.2 0.699 0.23 0.819
Aster Width Flooded:Composition PA -1 0.977 -1.06 0.293
Aster Width Flooded:Composition - PTA -1.7 1.102 -1.54 0.124
Aster Width Flooded:Composition TA -1.3 0.975 -1.29 0.198
Plantago Width (Intercept) 14.2 0.42 33.87 <0.001
Plantago Width Flooded 2.4 0.595 4.04 <0.001
Plantago Width Composition PA 1.2 0.723 1.67 0.095
Plantago Width Composition PT 1.6 0.723 2.15 0.033
Plantago Width Composition - PTA 2.1 0.834 2.49 0.013
Plantago Width Flooded:Composition PA -0.2 1.023 -0.2 0.841
Plantago Width Flooded:Composition PT -2 1.023 -1.99 0.048
Plantago Width Flooded:Composition - PTA -2.6 1.18 -2.22 0.027
Triglochin Width (Intercept) 14.6 0.496 29.43 <0.001
Triglochin Width Flooded -1.2 0.701 -1.78 0.076
Triglochin Width Composition PT -1.6 0.858 -1.9 0.059
Triglochin Width Composition - PTA -4.7 0.991 -4.72 <0.001
Triglochin Width Composition TA -0.2 0.858 -0.27 0.786
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Triglochin Width Flooded:Composition PT 0.5 1.214 0.39 0.698
Triglochin Width Flooded:Composition - PTA 6.8 1.402 4.83 <0.001
Triglochin Width Flooded:Composition TA 3.7 1.214 3.05 0.003
Aster Number of leave(Intercept) 3.089 0.031 100.29 <0.001
Aster Number of leaveFlooded -0.103 0.045 -2.29 0.022
Aster Number of leaveComposition PA -0.435 0.062 -6.99 <0.001
Aster Number of leaveComposition - PTA -0.128 0.065 -1.98 0.047
Aster Number of leaveComposition -TA -0.049 0.055 -0.89 0.375
Aster Number of leaveFlooded:Composition PA 0.092 0.092 1 0.32
Aster Number of leaveFlooded:Composition - PTA -0.332 0.101 -3.28 0.001
Aster Number of leaveFlooded:Composition FA 0.115 0.078 1.47 0.141
Plantago Number of leave(Intercept) 3.497 0.025 139.16  <0.001
Plantago Number of leaveFlooded 0.062 0.035 1.78 0.076
Plantago Number of leaveComposition PA -0.172 0.046 -3.72 <0.001
Plantago Number of leaveComposition PT -0.02 0.044 -0.47 0.641
Plantago Number of leaveComposition - PTA 0.094 0.049 1.94 0.053
Plantago Number of leaveFlooded:Composition PA 0.211 0.062 3.39 0.001
Plantago Number of leaveFlooded:Composition PT 0 0.061 0 0.999
Plantago Number of leaveFlooded:Composition - PTA -0.35 0.073 -4.83 <0.001
Triglochin Number of leave(Intercept) 2971 0.033 89.97 <0.001
Triglochin Number of leaveFlooded -0.103 0.048 -2.16 0.031
Triglochin Number of leaveComposition PT 0.292 0.052 5.63 <0.001
Triglochin Number of leaveComposition - PTA -0.067 0.067 -0.99 0.32
Triglochin Number of leaveComposition -TA 0.018 0.058 0.31 0.758
Triglochin Number of leaveFlooded:Composition PT -0.005 0.075 -0.06 0.949
Triglochin Number of leaveFlooded:Composition - PTA 0.782 0.086 9.07 <0.001
Triglochin Number of leaveFlooded:Composition TA 0.388 0.079 4.89 <0.001
Aster Specific leaf are (Intercept) 9.678 0.108 89.35 <0.001
Aster Specific leaf are Flooded -0.462 0.151 -3.05 0.003
Aster Specific leaf are Composition PA -0.319 0.192 -1.66 0.099
Aster Specific leaf are Composition - PTA -0.635 0.245 -2.6 0.01
Aster Specific leaf are Composition -TA -0.341 0.186 -1.83 0.069
Aster Specific leaf are Flooded:Composition PA 1.843 0.271 6.8 <0.001
Aster Specific leaf are Flooded:Composition - PTA 0.661 0.345 1.91 0.057
Aster Specific leaf are Flooded:Composition TA 0.548 0.258 2.12 0.035
Plantago Specific leaf are (Intercept) 8.882 0.105 84.22 <0.001
Plantago Specific leaf are Flooded 0.172 0.148 1.16 0.249
Plantago Specific leaf are Composition PA 0.216 0.176 1.23 0.221
Plantago Specific leaf are Composition PT -0.255 0.187 -1.36 0.176
Plantago Specific leaf are Composition - PTA 0.069 0.215 0.32 0.749
Plantago Specific leaf are Flooded:Composition PA 0.499 0.25 1.99 0.048
Plantago Specific leaf are Flooded:Composition PT 0.168 0.258 0.65 0.516
Plantago Specific leaf are Flooded:Composition - PTA -0.152 0.296 -0.51 0.608
Triglochin Specific leaf are (Intercept) 9.077 0.097 93.39 <0.001
Triglochin Specific leaf are Flooded 0.113 0.131 0.87 0.387
Triglochin Specific leaf are.Composition PT 0.38 0.162 2.35 0.02
Triglochin Specific leaf are.Composition - PTA 0.317 0.207 1.53 0.127
Triglochin Specific leaf are.Composition -TA 0.44 0.162 2.72 0.007
Triglochin Specific leaf are Flooded:Composition PT -0.462 0.227 -2.04 0.043
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Triglochin Specific leaf are Flooded:Composition - PTA -0.284 0.285 -1 0.321
Triglochin Specific leaf are Flooded:Composition TA -0.159 0.227 -0.7 0.485

703 * Z score for number of leaves.

704
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Table $4. Coefficients of linear models relating pot-level metriz$ldoding treatment, species

composition and their interaction.

Term Estimate SE t P
Top-down area
Intercept (Unflooded, A) 199.4 23.4 8.52 <0.001
Treatment Flooded -47.7 33.1 -1.44 0.153
Composition PA -50.3 32.0 -1.57 0.12
P 13.9 32.0 0.44 0.665
PT -38.0 32.0 -1.19 0.239
PTA -4.9 33.1 -0.15 0.883
TA -6.7 34.4 -0.20 0.846
T -34.8 33.1 -1.05 0.296
Treatment (Flooded): Composition PA 99.7 46.1 2.16 0.033
P -20.3 45.3 -0.45 0.655
PT 96.8 45.3 2.14 0.035
PTA 14.2 46.1 0.31 0.759
TA 50.5 47.8 1.06 0.293
T 78.7 47.8 1.65 0.103
Side-on area
Intercept (Unflooded, A) 453.5 44.9 10.09 <0.001
Treatment Flooded -48.3 63.5 -0.76 0.449
Composition PA -57.5 72.4 -0.79 0.429
P 6.9 68.6 0.10 0.92
PT -52.6 63.5 -0.83 0.41
PTA -13.2 63.5 -0.21 0.836
TA -50.8 65.8 -0.77 0.442
T -48.0 63.5 -0.76 0.452
Treatment (Flooded): Composition PA 80.6 96.4 0.84 0.405
P -89.6 99.8 -0.90 0.372
PT 107.8 91.4 1.18 0.242
PTA 4.0 89.9 0.05 0.964
TA 72.3 91.4 0.79 0.431
T 61.0 91.4 0.67 0.506
Aboveground biomass
Intercept (Unflooded, A) 2.6 0.189 13.74 <0.001
Treatment Flooded 0.061 0.268 0.23 0.82
Composition PA 0.503 0.268 1.88 0.064
P 0.725 0.268 2.71 0.008
PT 0.689 0.277 2.49 0.015
PTA 0.122 0.277 0.44 0.662
TA -0.091 0.289 -0.32 0.753
T 0.414 0.328 1.26 0.21
Treatment (Flooded): Composition PA -0.893 0.385 -2.32 0.023
P -0.24 0.423 -0.57 0.572
PT 0.298 0.385 0.78 0.441
PTA 0.385 0.392 0.98 0.328
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TA -0.333 0.42 -0.79 0.43
T -0.007 0.429 -0.02 0.988
Belowground biomass
Intercept (Unflooded, A) 2.82 0.211 13.36 <0.001
Treatment Flooded -0.604 0.298 -2.03 0.046
Composition PA -0.083 0.298 -0.28 0.781
P -0.025 0.298 -0.08 0.934
PT 0.547 0.309 1.77 0.081
PTA 0.16 0.309 0.52 0.607
TA -0.8 0.322 -2.48 0.015
T -0.189 0.366 -0.52 0.606
Treatment (Flooded): Composition PA 0.34 0.43 0.79 0.432
P 1.137 0.472 2.41 0.018
PT 0.126 0.43 0.29 0.77
PTA -0.004 0.437 -0.01 0.994
TA 1.082 0.469 231 0.024
T 0.254 0.479 0.53 0.597

Additional references
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