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Abstract

Anthropogeniclimate change is increiag bothtemperatures and precipitationWestern

Norway, and these trends will be magnified in the future. This is expected to alter ecosystems,
and to affect plants at different stages through their life cycle. Investigating variation in plants
functional traits along spatial climatic gradiengsde used to understand the effects of

climate, and climate change, on different aspects of the plant life cycle. Many have used such
spacefor-time approaches to study vegetative traits, but reprodueingefloral traits have so

far received less attéan. Knowledge about these traits is important for understanding plant
pollinator interactions and how these interactions could be affected by future climate change.
The aim of this study was to investigate how reproductive allocation and floral traiseof
pollinated forbs in perennial grasslands vary with temperature and precipitation. | collected
approximately 1300 individuals of 45 different spe@éforbsfor measurements of plant
vegetative and reproductive sizeproductiveallocationand floral traits. To investigate
intraspecific varition of reproductive allocation and floral traitsalsostudied four species
individually; Campanula rotundifolia, Potentilla erecta, Ranunculus aandVeronica

officinalis. The plants were collected irchmatic grid in western Norway consisting 1

sites of semnatural grasslands across three temperature levels and four precipitation levels.

My results showed that across the community, forbs allocated more biomass to reproductive
organs when tempatures were lower, while size and colour of floral displays were similar
along the temperature gradient. Precipitation did not affect reproductive allocation or floral
traits of the communityR. acrisshowed the same trend as the community for reproductiv
allocation, while there was no intraspecific variation along the temperature gradient for the
other species. Size of floral displays of the four species changed little with temperature, as for
the community. Increasing precipitation affectednumber ad size of floral displays dR.
acrisandP. erectanegatively, whileC. rotundifoliaandV. officinalisshowed no effects of
precipitation. The different trendsundfor the four species along both the temperatanel

the precipitation gradient implyat these species have differespiroductivestrategies
Theseresults also indicate that some species are more vulnerable to climate change than
others. However, the effects of climate change on the forb communiti¢iseandividual

species will be higly dependent on how pollinators and plaotlinator interactions are

affected by increasing temperature and precipitation.
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Introduction

The climate is changing, atlde ongoing anthropogenitimate change isxpected to cause
widespreadilterations of ecosystemsommunities and speciéd/e know that global
temperature is already approximately 1 °C higher today compared-itadpistrial

temperature, and that it will continue to increaseven higher ratedbe next decadg$PCC,
2018) Even though the increasing temperatures are often the main focus, we also expect
changes in precipitation levels. The predicted changes aipfiegion vary considerably
between different parts of the worlBome areas will have reduced precipitation and be
vulnerable to desertificatioffPCC, 2019)while otters will experience an increaseheavy
precipitation(IPCC, 2018)Climate changeare happening faster at high latitudes and
elevationqIPCC, 2018)which means thidNorway is definitely exposed to these changes, as
the northern and mountainous region this countriRégional imate projections show that
both temperature and precipitation will increase in most parts of the country, but especially
western Norway wilexperience more extreme levels of precipitafidansserBauer et al.,
2017) These changesill affectbothecosystentomposition and functigrior exampleoy
leading to higheplant productivity species turnoveiKomatsu et al., 2019; Parton et al.,
1995; Rustad et aR001; Wu et al., 20119r shiftsin species ranggParolo and Rossi,

2008) Increased temperature and precipitation aldloimpact the plan@ife cycles in many
ways, forinstanceby prolonging the growing seas@denzd and Fabian, 1999)ncrease
vegetative growtlfArft et al., 1999)and cause shifts iphenology(Fitter and Fitter, 2002;
Scaven and Rafferty, 2013)

A p | autrienéandenergy budget is limitedneaning that allocatioof resources to

different life functions, such as leaves, stems, roots and reproductive oagareslect the

climate and associated ecological and evolutionary pressures and drivers they are exposed to
in the environment in which they grai®oorter et al., 2012Allocationis a tradeoff where

plants have to find the most optimal strategthieir habita{\Wenk and Falster, 2015} |ear

patterns of plant size can be seen alongtFature and elevational gradients. Plant
generallyproduce more biomass warmer,lowland habitat§Halbritter et al., 2018 and the

plants growing here are challenged by competition with other plantiglibandresources

(He et al., 2013; Olsen et al., 201@Yith higherplant productivity investinga relatively

large part of the energy budgetvegetative gowth could be agoodstrategyin orderto grow



fast and talandcompete for nutrients, light and wat@rft et al., 1999) Plant productivity is
lower in alpine habitats, as shorter growing seasons, loywegmatures, more wind and
nutrient poor soils limit growt(Billings and Mooney, 1968)meaning that environmental
stress is more limiting for growth than competition with other plantBgbt andresources
(He et al., 2013)Environmental stress is also causing challengeplémtreproductionn the
alpines, apollinatorabundancelecreaseat high elevations due tow temperatures and
wind (Totland, 2001) Especially bees, which are important paltors in the lowland,
become less numerousthe alpinegTotlandet al. 2013) Thepollinator community is
insteaddominated by flies (Diptejavhich are able to fly and forage at harshibmatic
conditions than bed& azaro et al., 2008; Totland, 1993he combination of lower
abundance and diversity of pollinators ane sfort growing seassim the alpines, makes
insectpollination less reliabléTotland et al. 2013)Alpine plants can cope with this
challenge byallocating more of their biomass to reproductive orgaribe cost of vegetative
growth (Fabbro and Korner, 2004; Hemborg and Karlsson, 1998; Kawano and Masuda,
1980) which could be the best strategyhabitatsvhere competition forthefew available

pollinators exceezicompetition for other resources

The pollinatos with theirbehaviourspreferencesnd physical characteristiese drivers of
selection and evolution ia range ofloral characteristics, also known as flotalits

(Campbell and Powers, 2015; Gervasi and Schiestl, 20hé)floral traits again affect
pollinator communities, so that floral traits of the plant communities and the pollinator
communities interactively affect one anotfBresmeijer et al., 2006; Gervasi and Schiestl,
2017) Floral traits are crucial for plants” sexual reproduction and theyirpfayrtantroles in
shaping planpollinator interactions, competition or facilitation of pollinators among the
plants and the diversity of pollinating insects in a commu@grvalheiro et al., 2014; Junker
et al., 2015)Competition both between plants for attentioom pollinators and between the
pollinators for access to the best food resourcegilvas rise to numerous strategies within
floral traits like shapes, sizes, scents and colours, and impacted how much resources the
plants invest in their flower@icolson and Wright, 2017Yhe quantity and quality of floral
traitscan to ehigh degree influence the behaviour of pollinators; for instance plants with
larger floral display areas, numerous open flowers or more available nectar are more visited
by pollinators than other species growing in the same envirorn(@eatni et al., 2006;
Conner and Rush, 1996; Hegland and Totland, 2005; Stang et al., Rl@d&l) colour is also

an important trait for attracting pollinators, and studies have showhekatare usually



associated with colours seen by the human eye as blue and violet, while flies prefer colours
that humans perceive as whited yellow(Lazaro et al., 2008; McCall and Primack, 1992)
Yellow has beemssociated with several different groups of insects and is assumed to be a
common colour of plants with a generalistic pollination straf&gvan, 1972; McCall and
Primack, 1992)

Plants growing under contrasting environmental conditions can potentially exhibit large
variation in floral traits due to differences in selective pressure, even within the same species
(Adier et al., 2014; Fabbro and Kdrner, 2004; Helsen e2@L7; Maad et al., 2013f the

pollinator community changes in species composition or abundance, the selective pressure is
also changing, and the plants will have to respond by adapting their floral traits in order to
reproducesuccessfullyFor instance, alpine plants need to adapt to the lower abundance and
species richness of pollinataiBotland, 2001) They canespond to this challenge bging
pollinator generalistéTotland, 1993pr extending their flower longevitfFabbro and Korner,
2004; Stenstrom and Molau, 1993gveralstudies have also found that flower size increases
with elevation(Herrera, 2005; Kudo and Molau, 1999; Maad et al., 28%3) strategy for
attracting more pollinators. However, others have found flower size to be caalstasnein
elevational gradienFabbro and Kdrner, 2004j is also not cleaif certain floral colours are

more common in the alpinéisan othergArnold et al., 2009)even though associations

between particular pollinators and floral colours are folluddaro et al., 2008; McCall and
Primack, 1992)In general, much is still mownwhen it comes to how floral traits change

along temperature gradients and there is a need of more research on this topic.

While most studies have focused on variation along elevatiandltemperature gradients,
precipitation could alsaffect reprodative allocation and floral trait&Vater loss through
inflorescences can be high in dry environments, especially when the flowers have large
surfaceto-volume ratiogGalen et al., 1999)Therefore, it could beeneficialfor plants

growing in arid ecosystems to reduce their flower numbers andl$ieee is also evidence

that plants experiencing drought stress save resources by decreagirapdrgon of sexual
reproduction for the benefit of clonal propagat{ie et al., 2016)In adlition, soil moisture

is important for carbon assimilation, meaning that plants in dry soils gain fewer resources to
allocate to sexual reproducti¢hambrecht and Dawson, 200®Jany studies have

investigated reproductive traits under drought stresshbwftects of high levels of

precipitation orplantpollinator interactions, reproductive allocation and floral tria#ge



received éssattention so farMore precipitation leads timcreaseglant productivity(Wu et

al., 2011) which could enhance competition between plants and select for allocation to

vegetative growth at the cost of reproductideavy rainwill alsor e duce t he pol |l in
flight activity and flower visitation ratedoulsen, 2008; Totland, 1994ndleawe flowers

more vulnerable to physical damagracini 1984, cited in Lawson and Rands, 201®)

addition, a thicker snow cover and a shorter growing sedsmas et al., 2008puld

possibly alsdhave effects omeproductive allocation and floral traits. More research on

flowering plants along gradients including sites with high precipitation levels is needed to

understand the effects of this.

Trait-based approaches have become importagtatogical research and are being used to
study impact®f abiotic and biotic factors on plant communiti{Esaz et al., 2004; McGill et
al., 2006) Many studies exist on the vegetative functional traits of plants, but reproductive
traits or floral traitdhave so fareceived less attention, despite their imaocefor plant
reproduction, pollinator communities and various aspeatsadystem functiang.

Knowledge about severplanttraits,reflecting several functiongoth vegetative and
reproductive, is important for understanding the complexity of etesyand community
responses tolimatechanggJunker and Laru& o n t i | .;The i@ &f &is study was to
investigatehow resource allocation to sexual reproductaom floral traitsof plant
communities and individual specieary with different levels of temperature and
precipitation. To answer thiscollecedflowering plants ofa number ofnsectpollinated
forbsfrom several sites of sematural grasslanddong climaticgradients in western

Norway.

My questionsareas follows:

1 Is allocation to reproductive organs changing along temperature and/or precipitation
gradiens?
How are floral traits affected by changes in temperaturéoapckecipitation?
Are reproductive allocatioand floral traitsof individual species changy in
accordance with thigends of theeommunity, ordo individual specie®llow different

speciesspecifictrends?



Based on the literatupresented aboyé expectthat (1)plantsin colder environments
increase allocation to their reproductive organterms of biomass proportion and have more
floral displaysand a larger total display area in relation to total biom@3e | a fiotak 6
displaysarelargerin cold environmentsompared ton warmer environmenig3) there will

be shift from thdloral coloursassociated with beés coloursassociated witflies with
decreasing temperaturd) feproductive allocation arttiesize and number dforal displays

will increase with increasing precipitatiofb) individual species will follow similar trends by

adaptinggenetically othrough phenotypic plasticity



Methods

Study sites

To study the effects of temperature and precipitatioreproductive allocation arftbral

traits ofinsectpollinatedforbs, | collected plants in a natural climate grid consisting of 12
sites.Thesites are a part diie SeedClim grid and liabeen used for several studies over the
last decadé¢Guittar et al., 2016; Klanderud et al., 201B)e grid has three temperature

levels, where mean summer temperature is 6.5, 8.5 and 10.5 °C, apdefopitationlevels,
where mean annual precipitation is 650, 1300, 1950 and 2900 mm (See Table 1 for detailed
information about each sjt€limate data from Norwegian Meteorological InstitufEe grid

is set up so thaemperature and precipitation vary independently from each other. In order to
obtain this wide variety of temperature and precipitation, the sites are located from the boreal
to the alpine zone and from the wet western to the drier eastern Norway (Figuigd)c®
between the sites ranges from 650 m to 175Kklanderud et al., 2015)

To minimize variability caused by other factors than climatesiies are chosen so all these

factors are as similar as

Alpine A AAA
W e @ © O

alpine

Boreal V A 4 \V4 \ 4

possible. All sites are
seminatural grasslands,

dominated by graminoids,

Temperature level

moderately grazed

4 3 2 1
Precipitation level

broadly soutkfacingand

with calcareous bedrock
(Klanderud et al., 2015)
Prevalent and abundant
| forbs in the grid are
| Achillea millefolium,

Potentilla erecta, Bistorta

No . = vivipara, Veronica
Figure 1: 12 sites and their locations Western Norway. The sites make up a L
climate grid with three temperature levels (mean of four warmest months: 6.5, Officinalis andCampanula
and 10.5 °C) illustrated with shaped figures and four precipitation levels 1850, L
1950 and 2900 mean mm/year) illustrated with lighter and darker colour. Clime rotundifolia (Klanderud et
data from Norwegian Meteorological Institute (met.no). Figure originally from
Klanderud et al. 2015. al., 2015)




Table1: 12 sites with information about their GR®ordinateselevation precipitation, temperature and bedrock.
Interpolated climate data is from Norwegian Meteorological Institute. The sites make up a clichet®\fgstern Norway,
where insecpollinated plant species were collected to study how temperature and precipitatiorrefiextactive
allocationandfloral traits

Site UTM zone 33 UTM zone Elevation Precipitation Temperature Bedrock
Coordinate x 33 (ma.s.l) = (Meanannual, (Mean of four
Coordinate y mm) warmest
months, °C)
Alpine
Ulvehaugen 128833.00 6785010.00 1208 596 6.17 Ryolite.
Ryodacite.

Dacite

Lavisdalen 80587.50 6767820.00 1097 1321 6.45 Phyllite. Mica
schist

Gudmedalen 75285.30 6769540.00 1213 1925 5.87 Phyllite. Mica
schist
Skjellingahaugen 35627.60 6785870.00 1088 2725 6.58 Marble

Subalpine
Alrust 157951.00 6759200.00 815 789 9.14 (Meta)sandstone

. Shale

Hggsete 75917.50 6774330.00 700 1356 9.17 Phyllite. Mica
schist

Rambera 49407.80 6801320.00 769 1848 8.77 Phyllite. Mica
schist

Veskre 35390.20 6742090.00 797 3029 8.67 (Meta)sandstone
. Shale
Lowland

Fauske 180405.00 6781200.00 589 600 10.3 Phyllite. Mica
schist

Vikesland 75604.70 6774850.00 474 1161 10.55 Phyllite. Mica
schist

Arhelleren 27494.10 6756720.00 431 2044 10.60 Phyllite. Mica
schist
@vstedal 7643.94 6762220.00 346 2923 10.78 Ryolite.

Ryodacite.

Dacite



Data oollection and trait measurements

Sampling of plants

The goal was to collect as many species from the community of-pshlictated forbs as
possiblefor each of thedl2 sites | also included three insepbllinated woody specie®(yas
octopetala, Phyllodoce caerul@mdVaccinium vitisidaeg as these were prevalent
components of the field layer vegetation at the sidespite these exceptions, Ilvgtill use

the term Aforbso

collected plants in this thesiheplant
collection was done during the flowering
season, between &®f June and na of
August 2019Figure 2) Because
different species flower at different time
in the season, | visited dlP sites twice
with two-four weeks between each visit.
Usually, | spent one day per visit at eac
site. The most abundant species were
prioritized and collected first. | also
prioritized species that grow at several «
the12 sites and hence could provide
useful data for sites comparisoSeme
species flowerdtoo early or too late in
the seasoto be available during the

period of my fieldwork. It was therefore

not feasible to colle all the prevalent Figure 2: Sampling ofPinguicula vulgarisat the subalpine site Veskr
summer 2019Photo: Gunvor Skjelstad

forbs.| collected between 7 and 14

species at each site, with an average of 10.5 species per site and a total of 45 different species

across the gri@See Appendix 1 for an overview all collected species atach sitg

At each sig, | collected ten individuals of each speci@sey were mostly collected within a
radius of approximately 360 meterdrom the center of the field site (i.e. the climate station).
To achieve a representative selection, | chose individagdeazardly by throwing an object,

such as a pencil, and then colegttheindividual of the target speci¢isatthe pencil pointed



at.1 only included mature individuals witominimum of one open flowewithoutanylarge
damage®r signs of developingeeds(i.e. entering postlowering reproductive stageshhis

was done to make sure | measured all floral traits on flowers at the same stage; when they
were open and available for pollinatorslid notfollow this plant selectiomprocedurestrictly

for less abundant specigéghere werdew individuals to choose froninstead, then

searchedhe areauntil | had ten individuals with minimum one open flower. illlividuals

of the same speciesanecollected minimum 2 meters apart to make sure thatwieey

different genetic individuals. Wheseverakhoots emerged from the same point in the
ground, | assumed them to be of the same individual and therefore collected them as one
After measuring reproductive hevegrbunhd ( see bel
biomass was collectetlereafter, aboveground biomass will always be referred to as

biomass.

Measurements of plant size and floral traits

For each individual, | measured the reproductive height from the ground to the uppermost
open flower and counted all the floral structures (Heredfteal display3. The species were
separated into two groups based on their tygeodd! display floral displaysconsisting of
solitary flowers andfloral displaysconsisting ofinflorescences (several flowers in a cluster)
(Table 2) For slitary species, one open flower per individual was randomly chosen for
measurements of diametégwer height
and péal width and lengtliFigure3,
Figure4 ad). For species with
inflorescencesthe diameter(s) and heig
of the wholefloral display was measured
while one individual flower was

randomly chosen for measurements of

petals(Figure 4 ef). For species with

round andadialsymmetricfloral Figure 3: Usih a digital caliper to measuitewer diameteiof an
individual of Silene diocaat the boreal site @vstedal. Photo:

displays, | measured only one diameter,Ragnhild Gya

while | measured two diameters fibie speciesvith floral displays of other shapéBigure4,
Table 2). | used a digital caliper (Cocréff 50 mm, with 0.01 mm precision) for all
measurements. No parts of the plants were stretched or unfolded during any of the

measurements. | also registered floral colour in four colour categories: Pink, yellow, violet



and white. Most species had one colpar flower, while five species were multicoloured. In
addition, four species included a minority of individuals with more than one colour (Table 2).

Maximum three colours were registered per individual.

Viola sp.
Floral display: solitary
Shape: square/flat

Ranunculus acris
Floral display: solitary
Shape: circular

-/

Campanula rotundifolia

Floral display: solitary Pinguicula vulgaris
Shape: deep Floral display: solitary
Shape: deep
f
Achillea millefolium Prunell'a Vulggris
Floral display: inflorescence Floral display: inflorescence
Shape: square/flat Shape: deep
< % Diameter 1. The largest if two diameters
-+ » Diameter 2 e $» Petal width
Height of floral display <4 P Petal length

Figure 4: A selection of the collected species illustrating some of the different flower structures and shapes. The arrows
show how diameters, heigbt floral displayand petal width and length were measured in the figla illustration only

shows how height dforal displays were measured for the species were this measure was a part of the formula for calculating
area of floral display, although it was measuredafbecollected speciesnsectpollinated forbsvere collected during the

flowering season of 2@®lin a climatic grid consisting of sematural grasslands Western Norwaylllustration: Gunvor

Skjelstad
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Each individual plant was put into a separatarkedpaper bagnd brought back to the lab.
Immediately after return, the paper bags contaitiiegplants were dried in a drying oven
(Termaks TS 5410) on 65 °C for 72 hours. The dry plants were stored in plastic containers
until all fieldwork was done and | could start the lab work.

To make sure that the samples were totally dry during weigliag,were redrietor

minimum one day before they were weighed. | kegtsamples at a time in a desiccator with

silica gel while weighingAll mentions of biomass in this thesis will refer to the dry mass

For eaclplantindividual, plant organs were sorted

into reproductive parts and vegetative parts using Foliage "

tweezers. The main rule used in this study is that th '6aves Q\ e

reproductive part of a plant starts after the last foliag
leaf kefore the flower(s). No foliage leaves were
included in reproductive parts, but bracts were
(Figureb). Open flowers were weighed individually,
maximum ten flowers per individual plant.
Exceptions were the speciesucanthemum vulgare,
Hieracium sp., Leowidon autumnalis, Solidago
virgaureaandKnautia arvensisvhere | weighed the
wholefloral displayas one flower. In thistudy, these
species are treated as they hsoltaryflowers, even
though they in realityhaveinflorescencesThis was
because thmdividual flowers were too small to be
counted, measured and weighed individudflyr all

speciestheflowers, including buds, withered flowers

FJALLVIOL, viOLA

and seeds, were weighed togetiveh all flower Figure 5: Separation of plant organs, here

illustrated with the speciééiola biflora. Red
lines show where reproductive parts were
. . . . . - separated from vegetative parts. Bracts wer
Finally, | weighedvegetativebiomass(i.e., remaining ;juded in reproductive mass, while foliage

. leaves were not. lllustration: Carl Lindman
aboveground massandthetotal biomass. All (Swedish botanist 1856928)

stalksas a measure diie reproductivédiomass.

weighing was done on the same scale (VWR SM42!
with a resolution of 0.01 mg) to avoid errors due to

differences between scales.
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Table2: All the species collected in the study and some of their basic flower characteristics used in the anafi@as. For
displays,=inflorescencesnd S=slitary flowers. For display area formulas, d1= diameter 1, d2=diameter 2, r=radius and
h=height of floral displayFor floral colour, P=pink, V=violet, W=white and Y=yellomsectpollinated forbsvere

collected during the flowering season of 2019 in a clingxit consisting of seratural grasslands Western Norway.

Species Individuals | Floral Shape of | Number | Display | Floral Number
collected | display floral of area colour | of colours
display diameters | formulaa per
measured individual
Achilleamillefolium 40 I Square/flat 2 di1*d2 W/P 1
Antennaria dioica 20 I Square/flat 2 di1*d2 W/P 1-2
Atocion rupestre 10 S Circular 1 T w 1
Bistorta vivipara 40 I Deep 1 2 rhi{ WP 1-2
Campanula 120 S Deep 1 2°rh \Y 1
rotundifolia
Cerastiumalpinum 10 S Deep 1 2 rh w 1
Cerastium cerastoides 10 S Deep 1 2 rh w 1
Chamaepericlymenum 10 S Circular 1 T w 1
suecicum
Dianthus deltoides 10 S Circular 1 T P 1
Dryas octopetala 10 S Circular 1 T W/Y 2
Euphrasia stricta 20 I Deep 2 2°r h{WNIY 2-3
Euphrasia wettsteinii 20 I Deep 2 2 r h{WNYN 2-3
Geranium sylvaticum 40 S Circular 1 T V 1
Hieracium pilosella 36 I Circular 1 T Y 1
Hypericum maculatum 20 I - 2 - Y 1
Knautia arvensis 20 I Circular 1 T V 1
Leontodon autumnalis 20 I Circular 1 ‘T Y 1
Leucanthemum vulgar 10 I Circular 1 T W/Y 2
Lotus corniculatus 20 I Deep 2 2 rh Y 1
Melampyrum pratense 10 S Depth 2 2 rh Y 1
Parnassia palustris 20 S Circular 1 T w 1
Phyllodocecaerulea 10 S Deep 1 2 rh P 1
Pinguicula vulgaris 40 S Deep 2 2 rh V 1
Potentilla erecta 90 S Circular 1 ‘T Y 1
Prunella vulgaris 20 I Deep 1 2 rh V/P 1
Ranunculus acris 110 S Circular 1 ‘T Y 1
Rhinanthus minor 20 I - 2 - Y 1
Saxifraga aizoides 20 S Circular 1 T Y 1
Saxifraga stellaris 10 S Circular 1 i w 1
Silene acaulis 10 S Circular 1 ‘T P 1
Silene dioica 10 S Circular 1 ‘T P 1
Solidago virgaurea 20 I - 2 - Y 1
Trientalis europaea 30 S Circular 1 F w 1
Trifolium medium 10 I Deep 1 2 rh P 1
Trifolium pratense 20 I Deep 1 2 rh P 1
Trifolium repens 30 I Deep 1 2 rh w 1
Vaccinium vitisidaea 40 I Deep 2 2 rh{ PW 1-2
Veronica alpina 10 S Deep 2 2 rh V 1
Veronica chamaedrys 40 S Deep 2 2 rh V 1
Veronica officinalis 70 S Deep 2 2 rh V 1
Viola biflora 20 S Square/flat 2 dl*d2 Y 1
Viola canina 30 S Square/flat 2 d1*d2 V 1
Viola palustris 9 S Square/flat 2 d1*d2 P 1
Viola tricolor 40 S Square/flat 2 di*d2 | VIW/Y 3
Viscaria vulgaris 10 S Circular 1 K P 1

aFor species where two diameters were measured, diamete), the largest diameternas used to find r used

in calculations of display area addition to being used in statistical analyses of flower diameter.

b Some individualsvereremoved from the dataset as they turned out to be of a different species.
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Data preparations and statistical analys

Data preparations

For each individual, the mean mass of all the weighed open flowers were calculated to find
mass pefloral display(hereatfter: flower mass). To calculate the arefoodl displays, | used

a method byHegland and Totland (20R5Three different formulas are made for different
shapedloral displays: Circular (e.qRanunculus acris, Leontodon autumngliat (e.g.

Achillea millefolium, Viola sp.andfloral displays with depth (e.@gcampanula rotundifolia,
Prunella vulgarig (Table 2). It is important to mention that these formulas only result in
simplifications of theflorald i s pl aysdé area. Some areas may be
might be underestimadl. For a few species this became a bigger problem. | decided to
removeHypericum maculatum, Rhinanthus minor, Solidago virgafrea analyses

including display areass itwas very clear that the way | measured them in the field resulted
in highly overastimated valued also removed/accinium vitisidaeacollected at Hggsete and
Lotus corniculatusollected at Fauske from the same analyses since measurements of the

relevant traits were done differently here than for the same species at other sites.

Sttistical models

First, | investigatedhow the overall plant size changes along the gradiedisding all
speciesThe measures used in these models were reproductive height viegetative and
reproductive biomass (See all model specifications beldeyinginformation about plant
size isimportantwhen studying reproductive allocatifor understandingpow the
relationship between plant size and reproductive organs ch&emsid | made a model
with reproductive mass/total mass (reproductive to total mass ratio) as response tariable
test the effects of temperature and precipitation on reproductive allooatioe plant
communities| also made models foumber offloral displays per gram plant ma@toral
displays/total biomass)nd total display argaer gramplantmass fumber of floral
displays*display area/total biomas3he two latter ratios weracdludedbecause they could
be an expressioof theresult or the output of the plants” reproductive allocafiananswer
how floral traits change with temperature and precipitation, | made modelsusitber of
floral displays, display area and flower reas response variablds the analysis of flower

mass at community level | only included species with solilanal displays (Table 2). This
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was because flowers from inflorescences were weighed individually. In order for the data to
be comparable taoltary flowers theinflorescenceshould instead have been weighed as one
unit. | chose four species for further investigations of intraspecific variafioeproductive
allocation and floral traitsCampanula rotundifolia, Potentilla ereceandRanunculus acris

were chosen for these analyses because they were the only species collected at all
temperatureand precipitation levels, and at most of the sites. | also dhasmica officinalis
which was collected at all precipitation levelsodels were made for all the same measures

on plant size, reproductive allocation and floral traits as already listed for the community of
species. | also included a few additional floral traits at species level: petal length, petal width
and flower diameteThe huge variation in floral shapes and sizes between species make
these traits less applicable for analyses at community [Elvellargest diameter was used in
the analysis of flower diameter 9t officinalis which wasone of the species with two

diametersmeasured (Figure 4, Table 2).

All statistical analyses were done in R studio version 1.1.456 using the packagéBaies4

et al., 2015pand nlmgPinheiro et al., 20195ince the data is clustered, mixed effect models
were used. | used linear mixed effect models (ffoegll analyses on continuous data, which
were all measurement of plant size, reprodudilecation and floral traitsexcept from
number offloral displays. Mst of the datavas nosnormal distributed andeeded to be log
transformed before running the lmeodels Only data on floral traits at species level (display
area, flower diameter anthass, petal length andidth) did not need log transformation. For
number offloral displays, which is count data,generalized mixed effect model (glmwijh
penalized qusilikelihood (PQL) was used@®oth when using Ime and gimm, temperature,
precipitation and their interaction were used as fixed eff€éetmperature and precipitation
were scaled in order to be of similar magnitude in the mo8géswas specified as ranao
effect. In modelsncludingseveral of or all the collected spegispecies was also added as
random effect. To determine if effects were significant, | used 95% confidence intervals.

Effects with confidence intervals that did not include zero wereidered significant.

Floral colour

| also investigated the distribution of floral colours in the communities of ipsshated
forbsacross the two gradient§o get a comghensiveoverview of floral colours of the

communities, supplemented the datvith species composition data from 2@¥andvik,
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unpublished data)his data includes covestimates of all vascular plant species fi2Br25

cm permanengxperimental plots at ehsitefrom previousstudies from where | used the
cover data from the control pldisr two purposesEirst,to supplementhelist of insect
pollinatedforb species at each siter colours.Species thathadnotregistered beforevere
added with the help dhis datasetl usedi Gy | dendal s NdModsbesglaed Fel t f |
Stenberg, 2006p score floral colourd.only used the main colowf flowers if the flowerof

a specie$iad several colour3.ogether with the species | had collected, s used tdind
theproporton of species of each colour at the sig&scondfo find communityabundance
weightedproportion of each colouwhich reflect relative abundances of the different colours
in the communities, and thus the floral resources available to pollin@wlssthe main

colour of flowers was used here as wietlalculated the suraf cover of allforb specieswith

the same colour across the control paiteach site. Thendividedthis bythetotal cover of
forbsin all control plotsat each siteresulting inabundance weightetbral colour

proportions at each sit€he site @vstedal waesxcluded fronthese calculations, dise

species composition data only included orsectpadlinatedforb species in the control plots

at this sitel was not able to test hotl@mperature and precipitatiaffects proportions of

floral colours in the plant communities in a satisfactory way becadisieniot have enough

replicate datdor statistcal analyss.

Data availability

Data on floral traits and biomass of inspotlinated forbs collected by the author of this

study during flowering season 20is3ocumented with metadata and availabl@ppendix

2. This data and metadateclude all measures of traits and biomass, #ilese that were not
included in this thesisThe species composition data from 2017 used for investigations on
floral colour are documented and available in the SeedClim dropbox (Vandvik, unpublished
data). All climatic data used in this study are front.m@Norwegian Meteorological

Institute)and retrieved via SeedClim dagee Appendix for Data Sharing Agreement.

More information about the SeedClim sites and data documentation can be found here:
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https://docs.google.com/document/d/1RUOqkf8V_TqwZabu8LUjwQvephE5EClyYegV9wPAgfs/edit?usp=sharing
https://docs.google.com/document/d/1RUOqkf8V_TqwZabu8LUjwQvephE5EClyYegV9wPAgfs/edit?usp=sharing

Results

Effects of temperature and precipitationon the community of forbs

Overall plant size and reproductive allocation

There wasahuge variation in size between the species, but in gehenras,at boreal sites
were larger thaforbsat subalpine and alpine sitesefgroductive height, total biomass,
vegetative biomass and reproductive bionaksignificantlyincreasedvith temperaure
(Figure 6 ac, Table 3). The mean total biomasgabs collected at boreal sites was 0.57 g,
while it was 0.25 g and 0.15 g ffarbsfrom subalpine and alpine sites, respectively. With
increased precipitation, all measures of plant sizes trendedlds lower values, although not
significantly. Theinteractive effects afemperature and precipitation on the plant-siaés

wereall weak and nossignificant.

Figure 6: Figure caption on next page
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