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Communities in infrastructure habitats are species rich but only
partly support species associated with semi-natural grasslands
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Communities in infrastructure habitats are speciegich but only partly support species

associated with semnatural grasslands

Juliana DanieFerreira, Yoan Fourcade, RiccarBommarco, Jérgen Wissman, Erik

Ockinger

Supplementary information

Table S1. Summary of the road and road verge characteristics in each landscape
category. The road length was measured at the landscape scalé)(fokail landscapse
separatelyThe widh of the road verges was measured at the sample sites. Some sites lacked
a measurement, and the presented average and standard deviations (+ SD) are based only in
the measured site§he n corresponds to the column to the immediate left.

Average road  Average width of

Average width of road

Landscape length in the road verges along n
: verges along small gravel
Category landscape (km + big paved roads (n roads (m + SD)
SD) + SD) -
No Power line/  14.70 (+1.28) 2.95 (¢ 0.86) 8 2.86 ¢ 0.60) 7

High road densit

No Power line / 5.54 (+1.28) 2.47 ¢£0.37) 8 2.92 £0.12) 3
Low road density

Power line / Higt  17.88 (+6.65) 3.02 £ 1.02) 8 3.13 ¢ 1.28) 7
road density

Power line/ Low  4.45 (+0.85) 2.96 ¢ 1.04) 7 2.86 ¢ 0.78) 7
road density

Table S2.Summary of the characteristics of the poweline corridors in each landscape
category. The width of the poweline corridors was measured at the sample sites. Some sites
lacked a measurement, and the presented average and standard deviations (h&SBjl are
only in the measured sites.

Landscape Category  Average width powerline n Average years since mown
corridors (m = SD) (xSD)
Power line /.ngh road 41.43 ( 8.00) 7 2.75 (+ 1.64)
density
Power line / Low road 55.25( 15.00) 6 3.00 (+ 1.32)

density




Table S3.Species included the in the patefined list used during the plant inventories. The

list contains the absolute majority of species that can be found imsguanal grasslands in
Sweden. Note that not all the species listed below were observed in the stud

Acer platanoides
Achillea millefolium
Achillea ptarmica
Agrimona eupatoria
Agrostis capillaris
Agrostis gigantean
Agrostis stolinifera
Ajuga pyramidalis
Alchemilla glabra
Alchemilla glaucescens
Alchemilla monticola
Allium oleraceum

Alnus glutinosa
Alopecurus geniculatus
Alopercurus pratensis
Anemone nemorosa
Antennaria dioica
Anthoxanthum odoratum
Anthriscus sylvestris
Anthyllis vulneraria
Arenaria serpyllifolia
Arrhenatherum pratensis
Arrhenahterum pubescens
Betula pendula

Bistorta vivipara

Briza media

Calluna vulgaris
Campanula persicifolia

Campanula rotundifolia

Cardamine pratensis
Carex caryophyllea
Carex flacca

Carex hirta

Carex nigra

Carex ovalis

Carex pallescens
Carex panacea

Carex spicata

Carlina vulgaris

Carum carvi
Centaurea jacea
Cerastium fontanum
Cirsium arvense
Cirsium palustre
Convallaria majalis
Dactylis glomerata
Dactylorhiza latifolia
Danthonia decumbens
Daucus carrota
Deschampsia cespitosa
Deschampsia flexuosa
Dianthus deltoides
Elymus repens
Epilobium angustifolium
Epilobium montanum
Epilobium palustre
Erophila verna

Euphrasia nemorosa

Euphrasia stricta
Festuca ovina
Festuca pratensis
Festuca rubra
Filipendula ulmaria
Filipendula vulgaris
Fragaria vesca
Fragaria viridis
Galiumboreale
Galium saxatile
Galium uliginosum
Galium verum
Gentianella campestris
Geranium sylvaticum
Geum rivale

Geum urbanum
Glechoma hederacea

Gnaphalium sylvaticum

Helianthemun nummularium

Hieracium pilosella
Heiracium Sylvaticiformia
Hieracium Vulgatibrmia
Hypericum maculatum
Hypericum perforatum
Hypochoeris maculate
Juncus articulatus
Juncus compressus
Juncus conglomeratus

Juncus effuses



Juncus ranarius
Juniperus communis
Knautia arvensis
Laserpitium latifolium
Lathyrus linifolius
Lathyrus palustris
Lathyrus pratensis
Leontodon autumnalis
Leucanthemum vulgare
Linum catharticum
Lotus corniculatus
Luzula campestris
Lychnis viscaria
Myosotis arvensis
Myosotis laxa
Myosotis ramosissima
Oxalis acetosella
Phleum pratense
Pimpinella major
Pimpinellasaxifraga
Plantago lanceolata
Plantago major
Plantago media

Poa annua

Poa nemoralis

Poa pratensis
Polygala amarella

Polygala vulgaris

Potentilla anserina
Potentilla argentea
Potentilla erecta
Potentilla reptans
Potentilla tabernaemontani
Primula veris
Prunella vulgaris
Pyrola rotundifolia
Quercus robur
Ranunculus acris
Rhinanthus minor
Rosa canina

Rosa dumalis

Rosa villosa

Rubus idaeus
Rubus saxatilis
Rumex acetosa
Rumex acetosella
Rumex aquaticus
Rumex crispus
Sagina procumbens
Saxifraga granulata
Sedum acre
Sedum album
Sedum telephium
Silene nutans
Solidago virgaurea

Stellaria graminea

Stellaria media
Succisa pratensis
Tanacetum vulgare
Taraxacum erythrosperma
Taraxacum vulgare
Thymus serpyllum
Tragopogon pratensis
Trifolium arvense
Trifolium hybridum
Trifolium medium
Trifolium pratense
Trifolium repens
Urtica dioica
Vaccinium myrtillus
Vaccinium vitisidaea
Veronica arvensis
Veronica chamaedrys
Veronica officinalis
Veronica scutellata
Veronica serpyllifolia
Vicia cassubica

Vicia cracca

Vicia lathyroides
Vicia sepium

Viola canina

Viola tricolor



Table $4. Mean observed species richness and standard deviation (SD) per habitat type for
each taxon.

Group Habitat type Mean SD
Bumblebees Field border 3.38 1.63
Big road 4.03 2.50

Pasture 4.84 2.57

Power line 4.62 1.54

Small road 4.35 2.54

Butterflies Field border 7.05 2.64
Big road 6.34 3.48

Pasture 10.16 4.16

Power line 12.69 3.94

Small road 8.47 4.45

Plants Field border 10.30 3.39
Big road 15.97 4.64

Pasture 17.94 4.83

Power line 19.06 5.94

Small road 18.84 6.48




Table S5 Results of the best model given in Table6SThe reference habitat is road verges
along big roads (big road). SNG= area of seatural pastures in the landscape, PL =
Presence/absence of powiae corridors in the landscape (given values are for the reference:
Presence), RD = road verge densityhia landscape (given values are for the reference =
high road verge density).

Response variable Explanatory Estimate Std. z-value Pr(>|z|)
Bumblebee species richnes: Intercept 141 0.06
Butterfly species richness  Intercept 1.86 0.12
Field border 0.10 0.11 0.89 0.38
Pasture 0.47 0.09 5.27 <0.001
Power line 0.70 0.10 6.78 <0.001
Small road 0.29 0.09 3.12 <0.01
SNG 0.50 0.47 1.08 0.28
PL -0.02 0.09 -0.28 0.78
RD -0.16 0.08 -1.88 0.06
Plant species richness Intercept 2.71 0.09
Field border -0.44 0.08 -5.24 <0.001
Pasture 0.12 0.06 1.91 0.06
Power line 0.09 0.08 1.16 0.25
Small road 0.17 0.06 2.76 <0.01
SNG -0.36 0.40 -0.91 0.36
PL 0.18 0.07 2.47 0.01

RD <0.001 0.07 0.01 1.00




Table S6. AICc values formodels explaining alpha diversity including explanatory

variables and interactions.All models were generalized linear mixed models with the
landscape as a random effect and were modelled with a Poisson distribution and a logit link.
The lowest AICc valuevas used to select the model. WheXiCc <2 the simplest model

was selected. The best model is the first one presented for each analysis. Candidate models
are organized from smallest to largest AlICc. H= habitat type, SNG= area ehaemal

pastures in the landscape, PL= Presence/abséposverline corridors in the landscape,

RD= road verge density in the landscape (high/IGg colons indicate an interaction

between the explanatory variabléghe model is not shown, it is due to roonvergence.

Response variable Candidate model AlCc "AlCc
Bumblebee species richness  Null model 595.39 0
H+ SNG +PL+RD 599.88 4.49
H + SNG + PL + RD + SNG:RD 601.34 5.95
H+ SNG + PL + RD + PL:RD 601.96 6.57
H + SNG + PL + RD + SNG:PL 602.16 6.77
H+ SNG + PL + RD + H:RD 604.06 8.67
H+SNG + PL + RD + H:PL 605.87 10.48
Butterfly species richness H+ SNG + PL + RD 741.54 0
H+ SNG + PL + RD + PL:RD 741.83 0.29
H + SNG + PL + RD + SNG:RD 742.97 1.43
H + SNG + PL + RD + SNG:PL 743.77 2.23
H + SNG + PL + RD + H:SNG 744.20 2.66
H + SNG + PL + RD + H:PL 745.55 4.01
H+ SNG + PL + RD + H:RD 750.10 8.56
Null model 792.28 50.74
Plant species richness H+ SNG + PL + RD 794.70 0
H + SNG + PL + RD + SNG:RD 795.53 0.83
H + SNG + PL + RD + SNG:PL 796.09 1.39
H + SNG + PL +RD + PL:RD 796.82 2.12

Null model 853.37 58.67




Table S7. Results from the pairwise PERMANOVA analysisexploring differences in the
community composition between pairs of habitat types for all species groupkd? were

adjusted with the Holm method-\Rlues in bold are significant at the 0.05 level.

Group Habitat 1 Habitat 2 p-val Adjusted p-val

Bumbebees Field border Big road <0.001 <0.01
Field border Pasture <0.01 0.05

Field border Power line 0.01 0.05

Field border Small road <0.001 <0.01

Big road Pasture 0.24 047

Big road Power line 0.07 0.27

Big road Small road <0.01 0.05

Pasture Power line 0.09 0.27

Pasture Small road <0.001 <0.01

Power line Small road 0.39 047

Butterflies Field border Big road <0.01 <0.01
Field border Pasture <0.001 <0.01

Field border Power line <0.001 <0.01

Field border Small road <0.01 <0.01

Big road Pasture <0.001 <0.01

Big road Power line <0.001 <0.01

Big road Small road <0.001 <0.01

Pasture Power line <0.001 <0.01

Pasture Small road <0.001 <0.01

Power line Small road <0.01 <0.01

Plants Field border Big road <0.001 <0.01
Field border Pasture <0.001 <0.01

Field border Power line <0.01 <0.01

Field border Small road <0.001 <0.01

Big road Pasture <0.001 <0.01

Big road Power line <0.001 <0.01

Big road Small road <0.001 <0.01

Pasture Power line <0.001 <0.01

Pasture Small road <0.001 <0.01

Power line Small road <0.001 <0.01




Table 8. AlCc values for PERMANOVA analyses exploringdifferences in community
composition among habitat types and how the amount of habitat in the landscape

affects them All models includedhe identity of thdandscape&s a random component. The
lowest AICc value was used to select the model. WhEICc <2 the simplest model was
selected. The best model is the first one presented for each analysis. Candidate models are
organized from smallest to largest AlCc. H= habitat type, SNG= area ofrsgural pastures

in the landscape, PL= Presence/absence of power line corridors in the landscape, RD= road
verge density in the landscape (high/low).

Response variable Candidate mockl AlCc "AlCc
Bumblebeecommunities Null model -145.93 0.00
H + SNG + PL + RD -144.82 1.12

H + SNG + PL + RD + SNG:RD -144.51 1.42

H + SNG + PL + RD + SNG:PL -144.00 1.93

H + SNG + PL + RD + PL:RD -142.84 3.09

H+ SNG + PL + RD + H:RD -139.84 6.09

H+ SNG + PL + RD + H:PL -139.84 6.09

H+ SNG + PL + RD + H:SNG -138.84 7.09

Butterfly communities H + SNG + PL + RD + SNG:RD -191.11 0.00
H + SNG + PL + RD -190.99 0.12

H + SNG + PL + RD + SNG:PL -190.74 0.37

H+ SNG + PL + RD + PL:RD -189.30 1.81

Null model -187.75 3.36

H+ SNG + PL + RD + H:RD -187.12 4.00

H+ SNG + PL + RD + H:PL -187.12 4.00

H + SNG + PL + RD + H:SNG -184.64 6.48

Plantcommunities H+ SNG + PL +RD -175.89 0.00
H + SNG + PL + RD + SNG:RD -175.72 0.17

H+ SNG + PL + RD + SNG:PL -174.96 0.94

H+ SNG + PL + RD + PL:RD -174.43 1.46

H+ SNG + PL + RD + H:RD -171.22 4.67

H+ SNG + PL + RD + H:PL -171.22 4.67

H + SNG + PL + RD + H:SNG -170.11 5.79

Null model -160.66 15.23




Table . Results of theindicator species analysishat aimed to aess whether there were
species with strong associations to specific habitat types.

Group Habitat Species stat p
Bumblebee Big road Bombus subterraneus 0.2  0.04*
Pasture Bombus ruderarius 0.3 0.01*
Powerline + Small road Bombus pratorum 0.2 0.01*
Big road + Pasture + Power line + Small Bombus pascuorum 0.3  0.01**
Butterflies Power line Plebejus argus 0.5 <0.001*
Boloria selene 0.5 <0.001*
Plebejus idas 0.4 <0.001*
Brenthis ino 0.3 <0.001*
Gonepteryx rhamni 0.3 <0.001*
Plebejus optilete 0.3 <0.01**
Argynnis paphia 0.3 <0.01**
Argynnis adippe 0.3 <0.01**
Boloria euphrosyne 0.3 <0.001*
Field border + Power line Inachis io 0.3 0.01*
Field border +Small road Pieris napi 0.3 <0.01*
Pasture + Power line Coenonympha arcanic 0.4 <0.001*
Lycaena phlaeas 0.3 <0.01*
Coenonympamphilus 0.2  0.04*
Pasture + Power line + Small road Melitaea athalia 0.2 0.01*
Plants Field border Cirsiumarvense 0.6 <0.001*
Elymus repens 0.5 <0.001*

Alopecurus pratensis 0.4 <0.001*
Filipendula ulmaria 0.3 <0.01*

Myosotis arvensis 0.3 <0.01*
Urtica dioica 0.3 <0.01*
Festuca pratensis 0.2 0.04*
Big road Rumex acetosella 0.4 <0.001*
Arrhenatherum 0.4 <0.001*
Pasture Veronica chamaedrys 0.4 <0.001*
Galium verum 0.4 <0.001*
Filipendula vulgaris 0.4 <0.001*
Alchemilla 0.4 <0.01*
Pimpinella saxifraga 0.3 <0.01**
Rumexacetosa 0.3 <0.01*

Plantago lanceolata 0.2  0.02*
Power line Vaccinium vitisidaea 0.5 <0.001*
Calluna vulgaris 0.5 <0.001*



Small roads

Big road +Power line
Pasture + Power line

Pasture + Small road

Power line + Small road
Big road + Pasture + Small road

Big road + Power line + Small road
Pasture + Power line + Small road

Field border + Big road + Pasture + Smal
Big road + Pasture + Power line + Small

Rubus idaeus
Vaccinium myrtillus
Betula pendula
Juncuseffusus
Deschampsia flexuose
Convallaria majalis
Achillea ptarmica
Carex panacea
Succissa pratensis
Deschampsia
Hypericum maculatum
Carex nigra
Campanula
Danthonia decumbens
Cirsium palustre
Carex pallescens
Plantago major

Poa annua

Galium boreale
Rhinanthus minor
Luzula campestris
Trifolium repens
Prunella vulgaris
Fragaria vesca
Achillea millefolium
Leontodon autumnalis
Lotus corniculatus
Trifolium pratense
Potentilla erecta
Anthoxanthum

Viola canina
Taraxacum vulgare
Agrostis capillaris
Trifolium medium

0.5
0.4
0.4
0.4
0.4
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.2
0.2
0.2
0.2
0.5
0.4
0.2
0.2
0.2
0.4
0.3
0.2
0.5
0.3
0.2
0.2
0.3
0.3
0.2
0.3
0.4
0.3

<0.001*
<0.001*
<0.001*
<0.001*
<0.001*
<0.01**
<0.01**
0.02*
0.01*
<0.01**
<0.01**
0.01*
0.02*
0.03*
0.02*
0.04*
<0.001*
<0.001*
0.02*
0.02*
0.03*
<0.001*
<0.01**
0.02*
<0.001*
<0.01**
0.03*
0.04*
<0.001*
<0.01**
0.01*
<0.01**
<0.001*
<0.01**




Figure S1. Example landscape illustrating how landscape composition (area of different land
cover types) was measured. All landscapes had similar area of forest and agrianit,ral
while the area of seamatural pastures and linear infrastructure habitats differed as seen in

Figurelb.



Figure S2. Spline correlogramshowing the absence of spatial autocorrelation in the
residuals of the alphdiversity models for (a) butterflies, (b) bumblebees, and (c) vascular
plants. 7KH ILJXUHYV ZHUH FUHDWHG ZL WiKthe/paekagd@ FFLRQ pV SO

confidence irgrvals represent the quartiles.

Figure S3. Spline correlograms based on the Br&X UWLV GLVWDQFH EHWZHHQ V
assemblages and the centroid of transects. The figures show the absence of spatial
autocorrelation for (a) butterflies, (b) bumblebess] (c) vascular plant$he figures were
FUHDWHG ZLWK WKH | XiQtRapadRaeef T BeardidénéeRritetyaiO R J

represent the quartiles.



Figure $4. Species accumulation curves in the five grassland habitat types for butterflies.
Thei JXUHV ZHUH FUHDWHG ZLW % WhelkpbckbyeedawdnBiShqitheSHFD FF X F
method p U D Q.G Rdhfidence intervals represent the standard deviation (standard error of

the estimate).

Figure S5. Species accumulation curves in the five grassland habitat types for bumblebees.
The fLIXUHV ZHUH FUHDWHG ZL WiKthe/patkageeganvandsiQg th SHF D F F X
method p U D Q.G ReRctinfidence intervals represent the standard deviation (staardard

of the estimate).



Figure S6. Species accumulation curves in the five grassland habitat types for vascular
plants. The fLIXUHY ZHUH FUHDWHG ZL WiKth/ atkalggegdVadndR Q HWVSHFLC
using the methodu U D Q.G'ReRcfinfidence intervalepresent the standard deviation

(standard error of the estimate).



Figure S7.Non-metric multidimensional scaling (NMDS) anally$for butterflies (stress=
0.20) in the five types of grassland habitatse figure shows differences and similarities in
community composition among habitat types for butterfhethree dimensions (NMDS1,

NMDS2, and NMDS3).



Figure S8.Norrmetric multidimensional scaling (NMDS) analysis bamblebeeg¢stress=
0.17) in the five types of grassland habitats. The figurevshdifferences and similarities in
community composition among habitat typesidamblebees three dimensions (NMDS1,
NMDS2, and NMDS3).



Figure SQ Non-metric multidimensional scaling (NMDS) analysis fidants(stress= @.9)in
the five types of grassland habitats. The figure shows differences and similarities in
community composition among habitat typesgtantsin three dimensions (NMDS1,
NMDS2, and NMDS3).



Figure S10. Pairwise beta diversity §or) partitioned into the spatial species turnovesim)
and nestednessr{eg components for all species groups (from top to bottom: bumblebees,
butterflies, and plants).
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