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Summary

1. Fewexperimental studidsavetesed how abundance and diversitygrasslandryophytes
respond to global environmental changash as climate shifts and eutrophicatiBacause
bryophytes insgrasslands are low-statured, and because plant height is a key funaiional t
governing plantresponses to resource gradidrgs, responses to these factomuld resemble
those ofbetterstudiedsmall vascular plantsAlternatively, traits unique to bryophytes could
lead to qualitatively different responses than those of small vascular plants.

2. In asemiarid Californian grassland systesiere bryophytes are at relatively low abundance
and their ecology.has been litHaidied we comparedhanges irtover and species richness of
bryophytes and shostaturedvascular plants responseo five years of experimental
fertilization, springtimewatering andfertilization + watering which produced strong gradients
in vascular plant.biomass

3. Supporting our hypotheses, the cover retthess oboth bryophytes and sharascular
plants verenegatively related ttotal community biomasand tall vascular plant cover, and
declined in response tbe fertilization +wateringtreatmentin which the cover of tall vascular
plants most stronglincreased

4. Two divergent responses were also obsemwateringalone increasethe cover of
bryophytes but not short vascular plants, wfeléilization alone reduced the cover of short
vascular plants butnot bryophytes.

5. Bryophytessand:shostatured vascular plants in grasslabdgmay beexpected talecline
under projectedsglobal changes in climate and nutrient depaiibenhanceotal community
biomass and.eempetitive pressudewever,shifts ineitherprecipitation or eutrophication
regimes alonenay.have differential effects on bryophytes and short vascular plants

grasslandsand organisnspecific planfunctional traitsnust alsde considered.

Keywords climate change, grasslands, nutrsemiant height, precipitation, productivity, semi-
arid ecosystems
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Introduction

Climatic shiftsand anthropogenic eutrophicatiare anticipated to caupeofound changes in
most oftheworld’s grassland plant communities, and a rapidly growing literature has identified
somerelativelypredictable aspects of these changkgrient enrichment typically shiffslant
community .eompesition toward greater dominance bystaliured species and lower species
richness andiversity (Bobbinket al, 1998;Stevenst al, 2004; Harpole & Tilman, 20Q7and
even relatively'smalkevels of nutrienthiave been found texertpersisteneffects(lsbell et al,
2013; Streeetal, 2015) Climatic shifts and their effects are intrinsically more variable, but
some evidence indicates thiatreasing precipitatioaxert positive direct effects quiant
productivity, whileshiftstowards more arid conditiofsmveopposite effects (Heislahite et

al., 2008;Mowll etal, 2015). imatic shifts may also exert competgiy-mediated indirect
effects for example, increased rainfall in a waliemited climate may leatb greater competitive
dominance anthereby tdower species richneqSuttleet al, 2007) similarly to the effects of
nutrient enrichment. Finally, the effects of climate change syagrgize with those of nutrient
enrichment, and maye strongesh communities on fertile soils, where the dominant plant
species have high.ecapacitfes rapid growthand low tolerances for resource scar{dyime et
al., 2000, 2008Eskelinen & Harrison2014, 2015Harrisonet al, 2015)

While“everincreasing attention has led to theseergntgeneralizationgsbout
vascular plantshere is much lessnderstanding ahe direct, indirect, and interactive effects of
globalchangeon the abundance addersity of thenonvasculambryophyte component of
grasslanglant communities. Bryophytesayform a substantial fraction of the plant diversity of
semtarid grasslads (e.g., Eldridge & Tozer, 1997; Lobet al, 2006),andeven at low
abundancegheycanplay critical roles in nutrientetention andvater cyclingas well as
vascular plant regeneratighuretsky, 2003; Freestone, 20@bertet al, 2012;Reedet al,
2012; Doxfordet al, 2013;Michel et al, 2013; Voortmaret al, 2014). A handful of existing
experimentalistudies highlight the idiosyncratic and even surprising nature of beyophyt
responses tenvironmentathangeskFor example, in calcareous grasslands in the UK, bryophyte
utilization of dewfall as a water source evidemtlifigated the effects of a drought treatment
(Bateset al, 2005), while in deserts of the western US, a dominant moss responded negatively to
the imposition‘ef small rainfall events in summer due to negative effect®sscarbon balance
(Reedet al, 2012), as well ago the interaction of N addition amacreasedummer rainfall
(Starket al, 201).

Plant functional attributes have been thought to have considerable power to predict

community patterns and processes across geographically and phylogeneticallyedgsparzs
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96 (Grime, 1977; Westoby, 1998), including community responses to eutrophication and climatic
97 changes (Sudingt al, 2005 Soudzilovskaa et al, 2013;Eskelinen & Harrison2015).Plant
98 height is a particularly important trdiecause itesponds strongly to water and nutrient
99 enhancemer(Sudinget al, 2005; Dicksoret al, 2014; Eskelinen & Harrison, 2015) and plays a
100  significant relesinsdetermining competitive hierarchigeddy & Shipley, 1989)increased
101  nutrientavailability leads to intengied competition(Bonser & Readerl995), favoring taller
102  over shortestaturedvascular plarasid reducing vascular diversiiautieret al, 2009; Gough
103 etal, 2012; Dicksoret al, 2014;Boreret al, 2014 Humbertet al, 2018§.
104 To the extent that plant height has strong predictive power, the abundance and
105  diversity of bathbryophytes anghortstatured vascular planits grasslands may kexpected to
106  decline in thesdfacge @jlobal change factors that increase vascular plant bioBeasgeral
107  experimental studies of bryophytes illustrate the potential for negatuepetitivelymediated
108 resmpnsedo global changéVirtanenet al, 2000; van der Wadt al,, 2005; Klanderud &
109  Totland, 2005). However, bryophytes also differ from vascular plantsnesritical functional
110  respectsmost.importantly, they take up water and nutrients directly from rainaateare
111  unable to regulate.their internal water status while they are photosynthetically Sotive
112 studies have'shown that bryophytes are highly sensitwater addition(Bateset al 2005;
113 Starket al2015;"Reecet al 2012),while others have indicated tindigh sensitivity to nutrient
114  loads Potteret als1995; Bergamini & Pauli, 2001; Peateal, 2003; Poweet al, 2006;
115 Hejcmanetal, 2010; Armitageet al.2012). These considerations sugglesatthe direct, i.e.,
116  not competitively mediated, effeai$ global change factors may be stronger in bryophiytas
117  in small vascular plants
118 In a heterogeneous Californian grasslandcareparedhe communitylevel
119  responsesf bryophytes and shedtatured vascular plants factorial rainfall and nutrient
120 additions. Our first set of predictions was that, across the range of naturapanidiental
121  variation, thercoverrand diversity of both bryophytes stmattvascular plants would be
122  negatively related:to total community biomassl tall vascular plant covedur second set of
123  predictionswassthat the cover ardiversity of both bryophytes and short vascular plants would
124  be reduced bysthe rainfall and nutrient additions leading to increases in talbvasant cover.
125  Our third set of'predictionsas that increased community biomass would mediate the responses
126  of both bryophytes and sharascular plants to the rainfall andtrient additionsAlternatively,
127  bryophyte responses could inherently differ from those of short vascular plants, atyd mai
128 reflect their greater sensitivity to direct impacts of global change factors.
129
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130

131  Materialsand methods

132

133  The experiment was conducted at the Donald and Sylvia McLaughlin University of California
134  Natural Reserve«(38.851°N, 123.830°W) in the North Coast Range of California, USA. In the
135 reserve areglimate.is Mediterranean with hot, dry summers and rainy, cool winters. The rainy
136  seasomormallyextends from October to Maremdsome heavy rain can occur in April-June.
137 Theamount of annual rainfall (September—August) during the experiment ranged between 54
138 and 846 mm in. 2010-2014.

139 Theexperimental areaf roughly 1000 m x 500 ries at650-680 melevation and

140  consists of mixtare of gassland that vary in productivity, moss covegscular plant species

141 composition and height (Eskelinen & Harrison, 2014; Virtagtesl, 2015) Shallow rocky

142  sepentinesoilsfound on rocky hilltops repsent the most infertile soil ty@ed support sparse,
143  shortstaturedvascular plant vegetation, whileeper and finetextured serpentine soils on

144  slopesand valley bottoms, and non-serpentine soils derived $eximentary rocksupport

145  more fertile and.praductive grasslands with higher nitrogen concentration, bionass, a

146  vegetation heightEskelinen & Harrison2014, 2015). At our experental site these grassland
147  productivityllevelsare interspersed over short distances-@1 m), makingit an ideal study

148  systento replicate‘treatments along a productivity gradient.

149

150  Experimenal design and sampling

151

152  In early spring 2010, westablishedpproximately equal numbers ok2 m plots in grasslands
153  on“harsh” rocky serpentine, “lush” fineextured serpentine, and nearpentine soil@-ig. S1).

154  Within each of these grassland types,radomly allotteglots to watering, fertilization,

155  watering + fertilization, ana@ontroltreatmens. The plots were >5m apart and norexedirectly

156  downslopeanothersSeveral plots were lost when heavy equipment drove over them, resulting in
157  30-35 per treatment and 131 plots to®dinwater was harvested on a rooftop, stored in large
158  tanks, andprayedin a-3n radius by sprinkler heads (Mini Rotor Drip Emitters, Olson

159 Irrigation, Santee;,CA, USA) placed 50 cm above the soil in the center of each 2 ®»t2Im pl
160 each year, watering was started after March 15 when rainfall had ceased for at least a week and
161 none was forecast. Plots were watered Weftk 8 consecutive weeks in 2010-20Watering

162  occurred at night for 12 hours and provided ca. 25 mm of water, adding ca. 18 % over mean

163  annual rainfall. This amount and timing was based on previous work in Californian grasslands
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which found water addition has strong effects in spring when rainfall has largedyg @@assoils
are drying rapidly, but little effect during the rainy winter season (Seitéé, 2007).Rainfall
addition in spring corresponds to the predictions of some though not all climate forecasts f
northern California (National Assessment Synthesis Team, 2000; €aghr2012).

In:thesfertilized plots, we added slawlease granular NPK (110-10) fertilizer
with micronutfientsi(Lilly Miller Ultra Green), a total of 10 g Nm10 g P n? and 10 g K nt
per year, in equal applications in November, February, and March, 20107204 &reatment
was chosen for consistency with a protocol used in grasslands worldwide
(http://www.nutnet.umn.edu/), and the amount of added N corresponds to observed and
anticipated levels dfl deposition near major urban and agricultural areas (&ealy 2003;
Lamarqueet alg 2005).In our most nutrient-poor habitat, harsh serpentine, this fertilization
treatment incréased total soil available N by approximately threefold (Esk&likkamrison
2014, Appendix A)!

We sampled bryophytes by visually estimating percent cover by eaciesimn30
x 30 cm subplots in the center of the vascular plant subplots (see below). We useiaflas
0.01, 0.05, 0.1,.0.2;0.5, 1, 2, 3, 8, and 10 % (where 1% corresponded to a colony area of 3 x 3
cm), and >10 %'values were estimated 5% increment clagéts@s each subplot. We sampled in
April 2014 when'the rains had just ended and all species were clearly visible. Brgopbyte
identified to species if possible, but some species of Bryaceae and Pottiaceae had to be treated
collectively at genus iel. In total, we found 15 taxa of which most common wBidymodon
vinealisandFissidens sublimbatu3able S). The majority of bryophyte colonies were <1 cm
tall (R. Virtanen, personal observations). From published sources, we found that tHerstbot
of these taxa'is 0.5-cm (Hill et al, 2007).

We sampled vascular plants by visually estimating peareicover by each
species in X 1 m subplots within each 2 x 2 m experimental pM. used a minimum estimate
threshold of 0.1%I@ accountor few vascular specidbatreach their peak sizé&s summeywe
conductedsampinggthree times annuallyr( April, June, and August), and combined the three
surveys by usiagsiie largest cover value for each specd i (We note that bryophyte
richness andabtindance peaked strongly in spring, mekiegtedampling unnecessa)ye
found 96vascularspecies. We measured heights from 10 individuals per species from the study
area around the experimental plots; species mean heights were 0.85-160.1 cm (Spasbjevic
2014;Table S). We harvested vascular plant biomass (live and litter) from 25cxm2&ubplots
in April 2014, oven dried it for 24 hours at 60°C, and weighed it.
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For comparison with the 15 bryophyte taxa, we selected the 1®shwascular
plant species (all forbs), which had mean heights < 7.3Tal¢ S1,Fig. S2).We also
experimented with altering the height threshold to 15 cm and found our results to baivglglita
unaffected, but preferred 7.3 cm because it equalized the sample size of bryophyte and small
vascular speciedihe remaining “tall” vascular plants included abundant annual grasses (e.g.
Avena fatuandLolium multiflorun) as well as annual forbs (e@entaurea solstitialis
Hemizonia congestandVicia villosa. For the analyses, we calculated the total cover and

species richness per plot for these three planstiipyophytes, shoglants and tall plants).

Statisticalanalysis

To analyzethe relationships of cover and richness of the three plant types (bryophytes and short
and tall vascular plants) to biomass and treatment levels, we fitted a series of multivariate LME
models (Pinheiro & Bates, 2000; function ‘Ime’ of the package 'nlme’; R Core, R€4.5) with
cover or richness as the dependent vari@iblseparate modelsand various combinations of
predictors including biomasmdtreatmens. In LMEs, weused plots in close proximity to each
other andsimilar in_soils andregetation(i.e. “habitat patches;)and nested withiwatering lines
as a radom ‘block*factor(14 in total) This specification adequatetpntrolled for spatial
autocorrelation insresiduals (tested using function ‘ACF’ of the package ‘nRn@ébre Team,
2015).We testal the significance of model terms usifugction ‘anova.Ime’ (Crawley, 201 R
Core Team, 200)5Wealso examined residuals to ensure the assumptions of normality and
homogeneity"of Variances were met, after double squareransforming (%*3 cover and
squareroot transforming species richness.

First, toaskwhether thecoverandbr richness obryophytes anghortvascular
plants responded negatively to variation in biomass and whetieresponse diffeddfrom that
of tall plants(prediction 1), weestedfor interactions amonglant type(three levelsand
community biemassl his analysisevealedverall differencein the responses among three
plant groups.-Te-test more specifically whether bryophytes differed fromatsmlar plants,
we repeated.thignalysisusing only data on bryophytes and sh@ascular plantsand again
asked whether'plant type interacted with biomass. We alscsumpteregressions to tesite
relationships of biomass to richnesslcoverseparately foeach three plant types (function
‘Im’, R Core Team, 2015).

Second, t@skwhetherthe coverandbr richness obryophytes and shoviascular
plants both responded negatively to water and nutrient ad¢jtiediction 2)we testedfor
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interactionsamong plant type antie experimentatreatmentsAs above (prediction 1), @ssess
more specifically whether bryophytes differed from skasdcular plants, we repeated this model
using only data on bryophytes astibrtvascular plantsandagain asked whether plant type
interacted with treatment$hereafter, wgerformedDunnett’s contrast analysisr the

respective EMEmaodels (functidglht’ of the package ‘multcomp’ of R (Hothoet al, 2008).

The Dunnett’s contrasts compared the means of @wkrichness between fertilization and
watering treatments‘and controls.

Third, to askwhether biomass mediatéhe effects of fertilization and watering
treatments on both bryophytes asturtplants (prediction 3we added biomass into models
with eitherthe pooled cover or pooled richness of bryophytes and shsctilaplantsas
response variables; afettilization and watering treatmentseglanatory variable®Ve then
examined whether this addition resulteailoss of significance in tHertilization and watering

treatmen effects
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244  Results

245

246 Are bryophyte and shoviascular plant relationships with biomass similar to each other?
247

248  There weresignifieant plant groufbiomassnteractiors in the LME modek for both cover and
249  species richnegdable 1) indicatingthat the coveand richnesesf bryophytes, shostascular
250 plants and tall'vascular plants a#redifferently relatedto biomasgqTablel, Fig. ). The cover
251 of both shortwascular plants and bryophytese regatively associated witiotal community
252  biomass while the cover of tall vascular plants showedrangpositive relationshi@nd the

253  richness of tall vascular plants a weak negative relationship to communityssidRig. 1).

254  These resultsssupportedr first predictionHowever,the LME model wihout tall plantshowed
255 thatbiomasscovertand biomasschnesgelationshig of bryophytes and shorascular plants
256  alsosignificantly differed(Table ), and regression analyses indicated thahegative

257  relationships were generally stronger (steeggative slopes) fahortvascularthanfor

258  bryophytes (Fig. 1c,e)).

259

260

261 Do bryophytes‘and'short vascular plants respond negatively to waterinfgrifidation?

262

263  There was aignificantplant groupfertilization-watering interactiomn the LME for cover,

264 indicatingthatthe cover obryophytes, shosascular plants and tall vascular plants responded
265 differently to the treatmen{3able 2) The interaction for cover remained significant when only
266  bryophytes anghort vascular plants were considered, indicating that these two groups

267 responded differently ttertilization and watering treatmenfBable 2) Watering increased the
268  cover of bryophytes, but did nsignificantly affectshortvascular plantover, fertilization

269 decreased the covef shortvascular plantdyut did notsignificanty affectbryophyte cover

270  (Fig. 2a,b). However, in agreement with our second predicotiljfation pluswatering caused
271  asimilardedineinsthe cover of both bryophytes and shascular plants (Fig.a&2b).

272 Fertilization watering, and fertilization plus watering ailtreasedhe cover otall vascular

273 plants(Fig. ).

274 For species richness, the lack of a significant plant gferiization-watering

275 interaction term indicated similarity in the responses of all three plant groups to treatments.
276  Fertilizationalone otin combinatiornwith wateringdecrease species richnessvhile watering
277  alone had little effectFig. 2d-f). The plant groufertilization-watering interaction for richness

This article is protected by copyright. All rights reserved
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278  remained non-significant when only bryophytes and shastular plants were consider@éa@ble
279  2). However, the Dunnett’s contrast analyses showed that bryophyte richnessedecndam
280 regonse to the combined watering and fertilization treatment (Figw2dreadoth

281  fertilization alone and fertilization togetherth watering decreased richness lobg vascular

282  plants (Fig.-2):

283

284  Does biomass mediate the effeaftaratering andertilization on richness and cover of short
285  vascular plants and bryophytes?

286

287  Consistent with our third predictiorhe addition of community biomass to our modatgely

288 negated the sigficant effects of értilization, watering and their interactions on the cover and
289  richness of bryophytes and sheasculamplants(Table 3)

290

291

292

293

294  Discussion

295

296  Productivity exacerbates competition for light and space and favessatalled plants over

297  shortstatured ones (Hautiet al, 2009; Gouglet al, 2012; Dicksoret al, 2014; Boreeet al,

298  2014).Under the premise that biotic constraints will drive Ipggnetically unrelated plant

299  groups to have similar responses dependent on their functional traits (Bouktraje012),

300 we expectedbryophytedo resembleshortvascular plantsand to differ from tall vascular plants,
301 in their responses teatural and experimental variation in community productiiyr results
302 largely support thipremise with both bryophytes and shadscular plants but not tall

303 vascular plants decreasing in cover and/or richness in response to the natural bgradiesit
304 in our study system and also in response to the comhbiatdingandfertilization treatment.

305 Wealsofoundsthatthe effects ofateringandfertilization treatments on shostatured plants
306 were largely explainable by changes in community biomass, supptiwibhgpad importance of
307 biomass as a@diator of global changes on the diversity and composition of plant communities
308 (Bobbinket al, 1998; Stevenet al., 2004.

309 Combinedwateringandfertilization, although not either treatment alone, led to
310 consistent increase in the cover of tall vascular plantslaaeases in the cover and richness of
311 bryophytes andhortvascular plants. This result agrees with previous findings that water and
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nutrients are often jointly limiting to plant productivity, and that relaxation of thigyatation
shifts communities toward greater dominanceabyvascular plants, increase Gommunity
biomass and the loss of diversity of shetdtured plants (Eskelinen & Harrison, 20X3yr
finding suggests thatryophytes as well ashortvascular plants will be net ‘losers’ under the
combination=of-wetter precipitation regimes and high levels of anthropogenic nutrient
enrichment. These results also underscore the importance of considering rauttiptaneously
acting global ‘changefactors, as their joint impaay greatly deviate from singfactor impacts.
Despite the broad consisteasof our resultswith trait-based expectians we also
found some divergent environmental responses of bryophytes andatmirtar plants.
Wateringled te 3.5f0ld increasen the cover of bryophytes but did not affect the cover of short
vascular plants. Inother experimental studies, bryophytes have likewise been sh@porid re
to the amountand'seasonal timing of precipitation, although the direction and strehgth of t
response varies among climatic regions and among taxa with varying levels of drought®le
(Bateset al, 2005 Starket al, 2011; Reeet al, 2012).The strong increase of bryophytes in
our semiarid system following the enhancement of spring rainfall suggests that bryophytes in
these systems.are moistdiited, andthatlengthening otherainy seasomay lead to
increases in bryophyte covéWe find it possible thauch increases could playde in
regulating importangrasslangroperties and functiorsich asarbon and nutrient cycling,
moistureretention-and buffering against temperature fluctuations. Dominant bryophytesi-of sem
arid grasslands (such Bsdymodon absorb water with all surfaces, aheir perennial cushions
are able to rapidly enlargand shrink under water fluctuatiombich may further increase their
survival and growth-potential undeariation of coolwet anddry-hot seasons. The lack of
response in short vascular plants to watering alone ssghasthey are generally better
buffered against precipitation shifts than bryophyéssexpected on the basisaohual life
cycle andother structures improving drougtaterance Our results also suggest that short
vascular plantexperience more comisgon from tall vascular plantdhan bryophytes,
potentially because they are unable to escape competition
We also found:théertilization alone did nosignificanty affect bryophyte cover and richness,
whereast decreased the cover siiortvascular plantsas has been found in many previous
studies Bobbinket.al, 1998, 2010Stevenst al, 2004;Hautieret al, 2009. In contrast, our
findings deviate from many studies reporting negative effects of fetitizan bryophytes
(Potteretal., 1995; Bergamini & Pauli, 200Pearceet al, 2003; Poweet al, 2006; Hejcmaret
al., 2010).It is possible that the relatively low abundance of bryophytes in these grasslands

contributed to the weak effects of fertilization compared with other studies. Also, fertilizer may
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have less effect on bryophytes when added in granular form than when added by repeated
spraying that more closely simulates atmospheric depos@nrthe other handrmitageet al.
(2012) found thamoderateN deposition levelsvereassociated with increasédyophyte

growth, suggesting thatutrient enrichment, even relatively high level, may not always have
direct toxiceounterproductive effect bryophytes. Many bryophytes also shawarked
degree of shade tolerance (Marschall & Proctor, 2084 der Wakt al, 2009 and are able to
rapid photosynthesisunder light pulses (KubaseM, 2014), thus increasing their opportunities
to survive inmoderately denseascular plant understoriésreated by fertilization alone
Eskelinen & Harrison, 201%yhere competition for light is likely to be more intenBeie to

their small size_and high colonization abilitygnderpoorten & Goffinet, 2009), bryophytes are
likely to survive even in extremely small microhabitatgl may be less affected by competition
by tall vascularplantdn our systemFissidens sublimbatus particularly common ishaded
microsites under dense vascular plant covgisereasons for the negative effect of nutrient
enrichment on short vascular plants remain uncertain, but we propose that directtis@mpet
suppression from tall vascular plants could be involved. Howevarllyainderstandhe

reasons for the.specific differences between bryophytstaordvascular plant responses to
watering and'fertilizatiorfurther experiments with controlled competitiveckgrounds would

be required to'disentangle tteect fromthe competitivelymedatedcomponents of these
responsesNonetheless, our results support the significance of phylogenetic identity as a
surrogate for important unmeasured traits that affect the responses of gp#dedsiotic and

abiotic environmenfCadotteet al, 2009).

Inssummary, ar resultssupport the ideaf plant height a a key trait that broadly
explains negative resporssaf both bryophytes and short vascular plants to nutrient and
precipitation enhancemeninder circumstances whemgultiple global changes, i.&limatic
shifts and nutriengnrichmentcausecommunity biomass increasedeclines may be expected
in the abundance and diversity of both bryophytes and sascular plantén grasslands.
However, our results alsamphasize that,eppending on the habitat and combination of global
change factorgheresponses diryophytes and shovascular plantsay differ in some
respectsBryophytesmay reactorepositively tothe direct effects ahcreased precipitation
andless negativelyo competition, than small vascular plant/e conclude that bryophyte
responses to global changes can be only partly predicted based on responsesasgchart
plants, and thagtudying both nomvascular and vascular plamsposes to global changes

continues to be warranted.
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plots. Fitted regression lines are based on ordinary linear regression modethégtiags
indicateapproximate 95% confidenagtervals) Significance codes***” P < 0.001, “**", P <
0.01, “*” P < 0.05, “NS"P > 0.05.

Fig. 2. The mean@verandspecies richnegSR)of (a,d) bryophytegb,e)short andc,f) tall
plantsin relation toexperimental treatmesntC = controls, F = fertilized plots, W = watered
plots, FW = fertilized and watered plots. Bars sl&®&6 confidence interval®ésed on
bootstrappedls with5000 resamplesThe asterisks denote significant differences between
controlsand treatmentbased on Dunnett-typmntrass. Significance codes***” P < 0.001,
‘e P <0.017and “*"P < 0.05.
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605 Tablel1l. Summay of the linear mixed effects moddinarginal Ftests of LME models) where

606  cover and species richnem® dependent variables (both in their own models), and plant group
607 (eitherthreelevels ,li.e. bryophytes, sharascular plants and tall vascular plamstwo levels,

608 i.e, bryophytes andishort vascular plaatsd community biomass as predictor variablienDF

609 and numDFdenote denominator and numerator degrees of freedom, respectively.

Species
Cover richness
numDF denDF F P numDF denDF F
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All three plant groups
(Intercept)
Plant.group

Biomass

Plant.group:Biemass

Short vascular‘plants
and bryophytes.only.
(Intercept)
Plant.group

Biomass

Plant.group:Biomass

N PN

N

374
374
374
374

245
245
245
245

49.522
127.16
10.619
61.022

28.732
16.632
5.057
6.216

<.0001
<.0001
0.001

<.0001

<.0001
0.0001
0.025
0.013

N BN

N N i

374
374
374
374

245
245
245
245

49.166
160.249
3.032
3.587

50.369
6.609
3.677
5.674

<.0001
<.0001
0.083
0.029

<.0001
0.0107
0.056
0.018

610
611
612
613
614
615 Table2. Summary of linear mixed effects moddbr cove and species richness in relation to
616 fertilization and watering treatmer(®arginal anova Festsof LME models) with three plant
617  groups (bryophyteshortvascular plants and tall vascular plants) and with two groups included
618  (bryophytes anghertvascular plants).
Species
Cover richness
numDF denDF F P numDF denDF F P
All three plant groups
(Intercept) 1 368 13.164  0.0003 1 368 2248 <.0001
Plant group 2 368 246.68 <.0001 2 368  133.202 <.0001
Fertilization 1 368 1.58 0.22 1 368 1421 0.234
Watering 1 368 3.831 0.051 1 368 506 0.0%
Plant group:Fertilization 2 368 10.186 <.0001 2 368 0.452 0.63%
Plant group:Watering 2 368 7.1&4 0.0009 2 368 1574 0.20
Fertilization:Watering 1 368 10.7d 0.0012 1 368 7.211 0.0
Plant group:Fertilization;Waterin 2 368  3.8% 0.022 2 368 1.0 0.26
Short vascular plantsand
bryophytes only
(Intercept) 1 241  8.6& 0.004 1 241  20.7® <.0001
Plant group 1 241 1.927 0.17 1 241 0.122 0.73
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Fertilization

Watering

Plant group:Fertilization

Plant group:Watering

Fertilization:Watering

Plant group:Fertilization:Waterin

241
241
241
241
241
241

L

1.38 0.24
3.507 0.06
2.2 0.13
0.42 0.48
10.438 0.001
5.318 0.022

23

241 129 0.2%
241  4.129 0.043
241 0.7¢4 0.38
241 1038 03
241 5.837 0.016
241 0938 0.33

619
620

621  Table 3. Summary.ef théinear mixed effects model faover andspecies richness all short

622  plants (bryophytes arghort vascular plants pooled) (marginal anowadtsof LME models).

623
Species
Cover richness
numDF denDF F P numDF denDF F P
Without biomass
(Intercept) 1 114 23.34 <.0001 1 114 43.0% <.0001
Fertilization 1 114  21.536 <.0001 1 114 11.72  0.0009
Watering 1 114  5.581 0.02 1 114 5.6 0.019
Fertilization:Watering 1 114 2.65% 0.11 1 114 5.7% 0.018
With biomass
(Intercept) 1 110 22.29 <.0001 1 110 145D 0.0002
Fertilization 1 110 2.886 0.09 1 110 4.287 0.041
Watering 1 110 0.8% 0.3%6 1 110 0.28 0.60
Biomass 1 110 2.868 0.09 1 110 0.0® 0.84
Fertilization:Watering 1 110 0.613 0.44 1 110 0.94 0.34
Fertilization:Biomass 1 110 0.011 0.92 1 110 0.7 0.38
Watering:Biomass 1 110 0.5 0.45 1 110 0.05 0.87
Fertilization:Watering:Biomass 1 110 0.067 0.80 1 110 0.0 0.93

624
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