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Abstract

Climate models project that/estern Norway will experience warm&mperatures with more
frequent and extreme drought periods during the’2%ntury. Such climatic changes are likely

to alter many vital ecosystem processes, such as plants€questration and soil carbon
storage, which ultimately may lead to a shift @cosytem function. In Western Norway,
coastal heathlands contain relatively large amounts of soil carbon due to their cold and wet
climate, resulting in low microbial decomposition rates relative to plamdpctivity. In a
warmer and drier climate, thearbonbalance of coastal heathlands could be particularly
vulnerable to changes, potentially shifting these ecosystems from being net sinks of
atmospheric carbon to net sources. Here, we measured seasonatiua in ecosystem GO
fluxes from aboveand belowgound sources in a coastal heathland site near Lygra/Bergen,
Norhordland. To investigate how extreme drought events may affect future carbon dynamics
in this ecosystem, we constructed an experimentadudyht gradient, manipulating rainfall
inputs byO0, 50,and 90% using rainout shelters. Bryophytes constitute a major functional
group in coastal heathlands and bryophyte water holding capacity and soil insulation
properties could potentially mediate effexof drought stress on ecosystem carbon balance
To inwestigate the role of bryophytes in a drier climate, we also removed bryophyte cover in a
factorial setup within our drought gradierfResults show limited response to treatment where

an effect could only be detected statistically for net ecosystem exchange. Ecosystem
respiration, gross ecosystem productionand soil respiration showed no significarce to either
bryophyte removal or drought treatment. Ultimately the results from this studyilvbe part of
increased understanding of drougéffects onthe coastal heathlands but also to piecing apart

how carbon storage in othesimilarecosystems will react tprojected changes
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Introduction

The future is projected to have more extreme weather events with changes in rainfall patterns
and increased temperature€Coumou & Rahmstorf, 2012; IPC2D14) Frequentlyused
climate projection modelsasfor exampleusedin the IPCreport, are used to predict how
averages across largeémescaleswill change. This focus on averagésusefulwhen looking
at trendsonglobal scalesout averagexan alsobe misleading when trying to understand how
ecosystemswvill be impacted by future extreme weather. In fact it is often the mostextreme
weather events which occur overrelatively short time periods that have the greatest
consequences for ecosystelfizarmesan et al., 2000While there is little doubt that extreme
weather will affect mawg if notall ecosystem#n the future there arelargeuncertainties in
how andby how much for manyecosystems(Shaer et al, 2000) When ecosystems are
disturbedby more extreme weatherand changes in weather patternstheir ability to perform
ecosystem servicesill be impacted(De Luis et al., 2001jundamental ecosystem processes
part of the carbon cycleislikely to be altered which will changethes y s t ability tasperform

important climate servicessuch as carbon sequestration(Bala et al., 2005)
The carbon cycle

The carbon cycle is the cyclical movement of carboand out of ecosysters. The rate
movement of carbon can be measured and is referred to as fluxes. e.g. from CO2 in the

atmosphere, which is one pool, to carbon in plaidmass-another pool —by photosynthesis

Terrestrial ecosystemsontain many minor and major fluxes that contribute unevenly
to the system being a carbon sink or source of carbon. The process of carbon sequestration
iswhenplants take p cabon as CO2 from the atosphere and transform it by photosynthesis
into plant material as either standing biomasshatowground in roots. The plant matter will
eventually decay and can be stored in the soil as plant organicatter. Thus, arbon comes
into a system in a singleay through photosynthesis artlis ismeasued as gross ecosystem
production (GEP)Carbon leaves the system through respiration processes. Ecosystem
respiration (ER) must be measured to find the net balance of cafespiratiorhappensin
all living organisms which creates many sources for respiration which is separatedinto
aboveground as ecosystem respiration and belowground as soil respiration (Rs). Aboveground

we have the plantsand animals, and belowground sourcesincluderespirationfrom plant roots



and fungi, bacteriaandother small organisms and the breakdown of soil organic matter. Then

the netecosystengain,or lossof COZan be calculated by subtracting ER from GEP to get the
net ecosystem exchange (NE®&hichis equal to the net balancef COXluxes going in and
out of the ecosystem Another major flux is the respiration from the soil (Rb)ch consists

of respiration from roots and microbed. is common that studies either look at abover
belowground cabon pools separately whichilvmiss out on interactions between the(iais

et al., 2005; Sowerby et al., 2008a)

The primary controller of photosynthesis is light intensity, but any change in
precipitation and temperature, whether it being an increase odecrease will also affect
ecosystem carbon fluxeFhissdue to theclose link betwen rainfall and temperaturgwhich
in combination driveghotosynthesis and respiratiaratesin terrestrial systemsAn increase
intemperature can vay immenselydepending on the system. Systemsthat experien@ mostly
low temperaturessuch asthe tundra with permafrost will havea larger reaction to increased
temperaturethan desert systemsthat are already exposed to them. In these cold systemsthe
increasedemperaturewill mean that soil organic matter that previously waslocked in ice and
therefore inaccessiblas nowavailabléGornall et al., 207; Stoy et al., 2018)n temperate
seasonal ecosystems an increase in temperature is connected to an increase in respiration
rates mostly due to increased soil activity but also in plant activity and photosynthesisThe
increased activity comes from enzymaticactivity becomingeasier and more efficient as
temperaturerise (F. Stuart Chapin Ill. Pamela A. Matson Harold A.Mooney, 2802)crea®
in temperature can therefore result in increasedecosystem respiraion, grossecosystem
production and soil respirationbut the relative change between them can vary. Too high
temperatureson the other hand will be detrimental for plants and is mostly connected to
water limitationsbut can also be directly damaging to as the water flow within the plant
increases beyond what internal structures can handle and subsequentlybreaks Therefore,
highertemperaturesindirect effect of a higher water demand on plants forces them to close
stomata andreduce photosynthetiactivity. Additionally,it can dry out soils reducingsoil

respiration.

Higher moisturdevelscanaffect soil activity and breakdown of soilganic matterby
making more of the soil nutrients accessible in similarfashion as that of temperature. The

Incressed water contentcan also have a direct impact on productivity through increased



capacity for photosynthesis as plards not need to worry about water los©n the other
hand, in waterlogged systems such as peatlanidat have too much water, almog only
anaerobiaespiration is possibléhisprevents nutrients from being released causing vevy lo
flux rates for all sourc€€. Freeman et al., 1996; Chris Freeman et al., 208dy important

either temperature or moistu is changes depending on the ecosystem

Understanding changes in photosynthesis rates is important because changes can
cause gositivefeedback loop to the climateln such a lop increased CO2 in atmosgte
causes higher temperature and higher frequency of drought events resultimgrie carbon
to be released from the ecosystem@s respiration rates increase and less taken in as
productivity isreduced. Inturnthiswill further increag the amount of CO2 in the atmosphere,
which agaircan potentially further increase respiration and reduce productivity (Heimann &
Reichstein, rl., 2008; IPCC, 2014)

Coastal heathlands

The coastal heathnds of Norway i@ part of a range of heathlands stretching from northern
Norway in the north to Portugal in the sovamme, M., Kaland, P.E., Brekke, 200/)ile

being aCallnavulgarisdominated shubland is a unifying feature throughout the range, but
there is high variance in annuainfall, diffeent soils and execution of different management
practicegGimingham, 1989Kvamme, M., Kaland, P.Brekke, 2004; Webb, 2008\s a
cultural landscape the heatlands require managment to be maitained and would in most
areas except the most exposed succeed into forest if left alone. History of management
techniques remain giilar throughout the rangeacross countries with controlled burning,
cutting and grazin@s the most importat. (Kvamme, M., Kahd, P.E., Brekke, 2004;e\db,

N, 1986) Even though history of praates is the samehe currentpractices can differ.

Best management procedures as well as restrictions to when burning is allowed from
the state the heathlands should be burned wintar @arly spring to make sarburning is
controlled. Should climate changt#rough droughtand makeburning problematic thiswill
cause damage to the quality of the heathla@bntrolled burning for the heathland is required

for biodiversity but also for agulture(Aarresad & Vandvik, 2000)Bumning provides an



increased diversity of available habitats in the heathlands which is correlated to increased

biodiversity in many amsystemqAarresad & Vandvik, 2000; Vandvik et al., 2014)

Coastal ldathlands and similarly cold and wet systemsthe northern henisphee
contain a substantial ammt of carbon stored as soil organic matter. For the coastal
heathlands of Norway, the high carbon content comes from forest andig@egtistory. The
area wascompletely covered in forest and as the foreisappearedor was ranoved by
humans,it turned into peatlandswhich has preserved the carbon as soil organic matter until
today. The high amounts of moisture together with low teenatures creates a systemith
low turnover rates and low productivitompared to othesystens. This has made the coakta
heathlands act as sinks for carbon for a long time, but the source/sink dynamics are likely to
be impacted by increased drought épgency and temperature. Ehsoil organic matter could

be more readily amessible for soihicrobes and fungi releasing ittio the atmosphere as CO2.

The coastal heathland is a systarhere photosynthesisontinuesthrough all parts of
the year, with low poductivity in the winterdue to low temperatures and poor light
conditions and high productivity during the warm and brighsummer months. This
seasonality is also represented in the below ground respiration flux, but soil respiration is
more linked to sil temperature and doesat need light. Therefore, there can be an iease
in soil respration earlier in the year, compad to photosynthesis, as temperature increases
which is decoupled from photosynthesis. The same seasonality will also make thg timin
drought events moremportant where growing periods are more vuladte todrought & the
water requirements from vegdation is higher. A major part of the coastal heathlands which
hasthe potential to change soil temperature and moisture an by doing so change productivity

and respiration is the often neglected bryophtes.

Bryophytes

Bryophytes are a group of newascular plants that covewast areas in the northern
hemisphereand are able to survive in codhd nutrient poor ecosystenfuba et al., 2011)
They are a major futional plant group of the coastal heathlands and most of the northern

hemisphere with physiological traits thatrcalter themicroclimate.

Bryophytes grow ghtly together creating dense matts that excel at holding water and

shelter the soil from weathercausing considerable temperature difference for solil



temperature with bryophyte cover compared to soil with noveqBonan & Shugart, 1989;
Busca, 2018; Stoy et al., 2018he diredbn of effe¢ canchange depending of time gfear.
Bryophytes act as insulators preventing heat loss increasing soil temperature during cold
winter periods and decrease surface and soil temperature during warm summer periods due

to shading and high refléon (Stoy et &, 2018)

In coastal heathlandghere is additional interest in the bryophytes because of how
the heathlands e managed. A wemanaged heathland will beartially managed by
controlled fire, and how this fire is control can though fire intensity deti@es how much
bryophytes are impeted by the fire i.e. how much of the bryophytes are left after the
fire(Kvamme, M., Kaland, P.E., Brekke, 20@cause the bryopytes can control the
microcimate, management can plan to minimize carbon loss from the heathlands, but at the
current time we do not know if it is best to keepr to burn away the bryophytesThus,
bryophyte preservation constitutes an partant knowledgegap with regards to how dnaght

may affectheathlands-and their carbon balancein the future.

Aims of his study

In this study | investigatethe impact of increased drought frequency on the annual CO2
exchange in a coastal heathlam western Norwg. | do thisby experimentdly reducing
precipitation through rainout shelters while also looking at how bryophytes can arasdi
the effects of reduced precipitatiortlere | focus on the main components of tieathland
carbon cycléoy looking at net eosystem exchange (NEE), sgstem respiration (ERjross
ecosystem production (GEP)d soil respiration (Rs). &€ke fluxesrepresent the main

pathways of carbon in and out of the ecosystem

The study site also represents a system teBainderstudied \wen it comes to drought
baseal on its 2000mm annual precipitatio@ther similar drought studies conducted in liea
and shrulbands are situated in less than 1400 mm annual precipitaf@arter etal., 2012;
Heimann & Reichstein, n.d.; Maria et al., 2017; Reinsch et al., 2017; Sowerby et al., 2008b;
Treharne et al., 2018)Alsq none haveto my knowledgealso look at the importance of

bryophytes on the fluxes which has bekighlighted in a previous studyy Kopittkesimply
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basedon their large biomass in the heathland and contribution to carbon cycle in other

systems (Kopittke et al., 2012; Street et al., 2012)

Aim: To quantify effets of increased drought équencyon Net ecosystem exchange,
ecosystem respiration, gross ecosystem production and sopinrdgn and how the
presence/absence of bryophytes mediate the effects of increased drought frequency in the

pioneer stage of a co&d heathland.

Q1: How doe expemmentally increased droughrequency impact the changes in Net

ecosystem CO2 change invat coastal heathland throughout the year?

H1: Extreme drought has the potential to cause stress in ecosystems which can alter
the ecosystems ability to perfan varousservices such as canbsequestration. The systems
performance and productivity is kky to decrease with more severe drought. | hypothesise

that there will be a decrease in all fluxes across the drought gradient &s steess increases

Q2: How does the insulating propertie of bryophytes influence the microclimate of

the coastal heattdnd and how does this impact the different ecosystem carbon fluxes?

H2: Bryophytes have temperature insulating properties that canse the immediate
environment d the bryophyte to be suliantially different than compared to other plants.
Bryophytes hae been shown taeduce seasonal and daily temperature fluctuations which
can affect plant and microbe activity.hypothesse that bryophyte presence will cause a

smaller reaction to the drought gradient across all fluxes compared to control plots.

Q3: How does the wateholding capacity obryophyte impact the effects of drought

on the microclimate and what effecioes this have on the carbon fluxes.

H3: Bryophyteshavea high capability to hold and retain water within itself reducing
the droughtimpacts. | hypothesise qiis with bryophytegresent show lower effects through
the drought gradient

11



Methods

Study site

The experiment wadonein a coastal hedtland in western Norway at

the Lygraisland,Lindas(60°420N, 5°50ET he islands situatedin Lurefjorden approximately
20 km inland from North Seand the highest point is 54.a.s.I The climate is oceanic with a
mean June temperature of 12 °C and mekuary tempeature of 2 °C, with mean annual
precipitation of2000mm per year, and a relatilyelong growing season about 220 days
{above 5 °E(Kvamme, M., Kaland, P.E., Brekke, 2004; Vandvik et al., 2014)

The study site isituated n a Calluna dminatedcoastal heathland that is managed by

grazing, cutingand controlled burningThe study site was last burned in 2013.

Dominant vegation types areCallunaheath, mires,willow shrubs and mixed grass heaths.
The most dominant graminoschre Avenella flexuosa, Agrotis capillaris, A,canina and
Carexpilulifera, and the most dominant forbs ax@alluna vulgaris, Eridatralix,
Vacciniunvitis-idea, V.myrtillus Potentillaerecta Within study site in the pioger stage

forbs, graminoids and bophytes are nost abundant with a fewoung Callunaheath plants

Study Design

The study site is a part of DroughtNet and follows a modified exyseral setupprotocol
with an extra level of drought, sturdier roof support awith fencegSmith, 2017).A
manipulation with two diffeent levels of drought is creatagsingpermanent fixed shelters.
A moderate droughis imposedvith 50% roofcover, and an extreme drought is imposed
with 90% roof cove(Figurel) The skelters were set upn spring 2017. The plastic roofs are
made oflcopal Fastlock Urglear.In addition,an ambient precipitation treatment was used
as a controlunsheltered) Each plot is 2*2m with roofs covering 3*3m to create a 50cm
buffer zone(Hgure 2). Treament is replicatel 3 times. Withirthe 2*2m plotstwo 25x25cm
subplds wherepermanentlymarked for consistency in flux measuremeRermanensoil
tubes weresetone ineach d the subplotsmade from drainpipes classified for use

underground They arésOmm dameter set caébem into the groundtretchingca 14 cm

12



above gromd. In one of the subplots all bryophytes were removsdhandprior to the strt

of measurementsluring the summer of 2017.

660

Control Bryophytes removed

m
o

Hgure 1.Showing experimental design using full facl set upfor the study with drought
gradient and bryophyte removal integrated. Raindropsand colour gradienfrom light blue to
blue show 90,50 and 0% rainfthreduction Bryophyte removal treatment is shown with
control inorange and bryphytes renovedin green wihin the white squares which

represent study plots.
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Figure 2. Shows rainout shelters at thetudy ste 90%cover and control plot in a) and

50%cover plot in b).

Field measurements

Measurements were taken in the perio@.95.2018 t008.07.2019with weeklyto biweekly

measurementsummer and monthly during winter

For net ecosystem exchange (NEE) andystem respiration (ER) the closed chamber
method was usedHeinemeyer & McBimara, 2011; Sowerby et al., 2008Herea clear
plexiglas camber (25 x 25 x 40 cm) was used equipped with two fans for airai@uland
conrected to aninfrared gasanalyser(L840, LICOR Biosciences, Lincoln, NE, US#grp
windshield was attawed to the bottom of the chamber and weighed downthe groundby
a heavy chain to keep system closed from outside windfair.ERatarp cover was used to
exclude light from the systensoil respiratio{SRWwas measured fromdypropylenetubes
within the 25x25 cnsub plots When measuring, thimfrared gasanalysertubes were

connected through a lid on top of theoiltubes to preent air mking (Hgure 3).

For eab flux measurement, Cg&xoncentration was recorded at 1 s intervals over a period of

at least 123. The chamber wasrad out between NEE and ERtil atmospheric

14



CQ concentration were reachedvieasurements where set to days Wiais simar weather

condtions as possible and set to overcast, no rain and wind less than 7 sec

A range of environmeiad variables were alsmeasured to control for vaakion and to
investigate treatment effectLight intensity was measured as photo#yetically adive
radiation (PAR, pmol rhs?) using a quantum sens¢lri190, LICOR Biosciences, Lincoln, NE,
USA)lacel to represent light presence inside chamber. Tenapare inside the chamber
was measured using aButtontemperature loggefDS192P, Maxim mtegrated, Sandkse,
CA, USA). For dates when iButton data is not available climate data was collected from
close by weather station and used insteatblumetricsoil moisture

content (m? water/m? soil) was measured by calculating the averafjthcee measuements
with a soil moisture sensdSM300, Deltd’ Devices, Cambridge, WKhree separate
places wihin aplot to best represent it i.e. no overlagsoil tenperature was measured
twice for each subplot usingdigital thermometersAll meaurementswere done per

sampling time

15



Figure 3. Shows the closed chamber technique being used at one of the rashalitersfor
soil respiration a), and ecosystem pastion and gross ecosystem production b). Some
primary features are listed withumbers wihin: tubes goig to and from infrared gas
analyserl, plastic cover used to keep soil respiration from mixinglevmeasuring fluxeg,
fans used for air circulain 3.

Statistical analysis

All carbon fluxesvere calculated using HMR function if\rsion 3.4.3]Pedersen, 2019)
The topography made particularly the chamber measurertsedifficult attimes causing
effects on the fluxes not noticeable until data dyss wagerformed. Fluxes that had
obvious faults such as air mixing where cut to a minimum 60sec, where this wpsgsible

the flux was discarded.

A repeated measureents analysisf variance (R.3.4.3) with firsirder autoregressive
correlation AR(1)) teaccaunt for temporal autocorrelation was performed to test for
significance of drought and moss treatment on eflolk separately. The same analysis was
run for sol moisture andemperature to test for treatment effectRegression analysis was
done to fird if photosynthdic active radiation differed between treatmentknear

regression analysis was also done to inveségatative importance of soil moisture and soil

16



temperature for sd respiration in the study systeand to see if drought treatment received

different amountsof photosyntheticactive radiation.

Results

For theentire stuly period a treatment effet of the rainout shelters is observed (figuze.
p<0.05). Drought treatment reduced sarhoistureby 10— 25%for each level of drought

where means where closer together during spring and winter while further apart for fall and
summer. In vegetation control plots where brpbiytes are present 0% and 50% cover plots
showsimilar moisture content and only show treatment effect for 90% cover plevgaling

a threshold effectWinter has slightly higher soil moisture across all treatments.&3wil
surfacetemperatureshow noresponse to treatment and has very large sptedghest

temperaturefound during summer, followed by fall, spring and then windgth the lowest.

Total chamler measurements for NEE, ER and GEP is 25 while for Soil respiration total
number of measurements 27. Due to bad weather conditions fdrasnbermeasurements
with high winds measurements had to be stopped causing the higimabar of Soil

respiration sarples.
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Figure 4. Mean values in soil moistugg, surface temperature b) and soil temperature c) for
drought and bryophyte removal treatment8, 50, 90 represents the drought gradient. M

and V represents moss removal experimentwith moss removed in M and control V.

The fluxes

Net ecosystem exchange wastbnly flux to show a significant reaction to the drought
treatment. No fluxes stwed an effect of bryophytereatment (tablel, figure ). NEE show
increased flux for summer and fall where variability also is higbsystem respiratioshow
highestflux rate durig summer and fall with very low rates in spring and winter. Gross
ecosystenproduction has highest rates dugnsummer with similar rates for the other
seasons anaith no effect from treatments. Soil respition behaves similty with highest
flux rates nthe summer with spring and fall close behind and winter last, also with no

treatment effect.
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Figure 5. Box plots of how the fluxes differ for different seasons across drought treatment

and for bryoplyte removal withNet ecosystenexchangeNEE) a)gross ecosystem

production(GEP)), ecosystenrespiration (ER) ¢) and Soil respation (SR) in d). Bryophyte

treatment controls are shown in brown, and bryophyte removal in green

Soil respiration showed a stronger relationship to soil temperature (=647, P<0.001,
AIC=560) compared to soil moisture (F=33.343, P=<0.001, AIC=899) figure 6).
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Photosynthetic active radiation did not vary across drought treatments (F=0.1152,P=0.7345)
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Figure 7. Boxplot shaving photosyrthetic active radiation receivedcross drought

treatment for across the whole year for the study period.
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Table 1. Showsresults from multiple measurementsanalysis of variancefor the ecosystem

fluxes. Statisticallysignificantrespon® to treatment marked wit asterisk (*).

Flux Variables numDF  denDF F-value AlC P-values
MNEE ntercapt 1 340 28.475 1829 <0.0001
Crought treatment 2 14 580 0.0295 =
Bryaphyte treatmeant 1 14 2.550 0.1326
Season 3 340 9.000 <0.0001
SR Intercept 1 431 12.887 580 <0.0001
Drought trestment 2 14 1.027 0.3837
Bryphyte treatment 1 14 0176 06815
Season 3 431 120.723 <0.0001
ER Intercept 1 401 333.712 2033 <0.0001
Drought trestment 2 14 2.255 0.1416
Bryphyte treatment 1 14 1357 02311
Season 3 401 170.190 <0.0001
Intercept 1 304 213.118 1605 <0.0001
Drought treatment 2 14 1187 0.3340
GEP Eryphyte treatment 1 14 0.252 06227
Season 3 304 50.788 <0.0001

Discussion

In this study | measured ecosystem QO2 fluxes and how they over the year when subjected
to adrought gradientand bryophyte removal.

TheNEE increaseflom controlinto the drought treatmentsausing higher amounts of
carbon to be releaseds CO2rom the systeninto the atmosptere. The major contributor
to this change has not begricked up by the analysossibly die tohigh variation in the
data. However, trends can b®und with a closer lookt GEP and BRe two componentsof
NEE ERincreased the most beteenthe two componentswhere particularly during
summerfor both moss treatments Eshowed largedifference than GEPThis finding is in
agreement with the literaturavhich claims high respirationas moistureis reduced(Ciais et
al., 2005; Sowerby et ak008b). Gross ecosystem production has not been standadifor

light conditionsin photosynthetic activeadiation (PAR) which could explain additional
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variation. Difference in PAR f@EP across drought treatmt was investigated ando such
difference was fand. The limiting factors of the coastal heathland must be considered. In
this system water limitation israre due to large amountof yearly rainfall, the rainout
shelters have reduced the soil moisture considerabléebut possibly not enough to make water
limiting for longerperiods of time and that the system possess high ability to recover from
drought as previously found by Sowerby (Reinsch et al., 2017; Sowerbyadt 2008b)

Noreduction has becomewedent for soil respiration in thistudy which is in cotrast to
previous studies as wdlLiu et al., 2016; Sowley et al., 2008a)This could b aresult ofthe
relationship between soil moisture artémperature on Rs.dil temperature explainednuch
more of the difference ioil respirationthan soil moisture. It islikely that the induced

droughtgradient is not strong enough over time to show any changesin soil respiration.

Explanationsto why little response to drought gradient hasbeen in the carbon fluxes canbe
many, here | proposethree. Frstly, as previouslymentioned it is possible that recovery is
fast and efficient enough to prevent effects from showing. Secondly, because large amounts
of the data were gathered during what was alreadyconsideredextraordinarydrought and
therefore impacting the control as wellwhich can hide some of the response and increase
uncertainty. Thirdly, the responseof the drought givesresultsthat are not possible to pick
up over this short of a period considering the study system grows slowly. Asdrought is
imposed and the plantsreact this could further down the successional stages cause a change
in community structure and compositionthat will alter the carbon dynamics much later and

not within the pioneer stage which is rapidly changing.

Bryophytedreatment effect on soil moisture suggest a thresholdeffect where control plots
and 50% cover plots are the same. Bryophytes were able to change the soibisture content
but showed no change soil and surfaeenperature. No impact of the mosses wasfound for
the fluxes. This contrasts withthe secondhypothesiswvhere the insulatingproperties of
mosses were hypothesised to have an amelioratingeffect on the responseto drought for the
carbon fluxes. This could be because insulating properties are not asimportant for this
system becauseof seasonal temperatures are relatively high compared to colder systems
where mosses havebeen shown to have effect(Gornall et al., 2007; Ggan & Jonasson,
2006; Street et al., 2012or this study lack of response in fluxes can be explained by the

lack of changein environmentalvariables where only soil moisture was altered by moss
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presence. Changes in soil moistureisin accordance with the third hypothesis where the
water holding capacity of mosses were hypothesisedo reduce impactof drought. However,
the retention of water within the mosses could also prevent water from entering the soil and
thereby increasing the effects of drought which has been shown in earlier studies(Gornall et
al., 2007)but since no effect was found it is difficult to determine which effect isthe
strongest for this study. Snce no reaction in the fluxes can be found it is more likely that the
moss layer has reained water as seen for the 50%cover and prevented it from entering the
soil resulting in a similareffect asthat of the 90% cover plots. Bryophyte depth has ndbeen
measured which is unlikely to have affect for ground surface temperatureduwt mean
differences innsulation and water holdingrppertiegGornall et al., 2007Deeper and
denser bryophyte covawould be able to hold more wateand a stronger temperature
buffer.

The ecosysta fluxesmeasured here are the major patlays of carbon inhte system, but
they are not the only athways. Leeching would be of interest instlsystem due to large
amounts of rainfall and rugged topography that could leadtmnger water movement.
Overdl leeching is not being explored but sdile carbonin the soil water isbeing analysed
as part d a differentongoingstudy. Impact of herbivorywhich can be a major loss of carbon
from a system has been excluded in this study by fences. It islikely that had herbivory not
been excluded it would representa major loss asthe pioneer stage of the heathland which
consist of much more palatable species and primaryfood source for grazing sheep in the are
during spring and summer. However,thiswould further obscure any responseof drought

and bryophyte removal treatment.

For the future it will be important to look at how drought frequency will impact the
heathlands over time and across successionadtagesto better understandthe future

projected changesin extreme weather eventswill cause.
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