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Biodiversiteetin hdavidminen ja kaupungistuminen

« Kaupungistuminen jatkuvasti kasvavassa roolissa luonnon
monimuotoisuuden hdvidmisessa

« Kaupunkialueiden laajentuminen ja tiivistyminen johtaa
elinympadristdjen hdvidmiseen ja pirstoutumiseen

 Elinympdristdjen kytkeytyneisyys on tdarkedd lajeille

— Kuinka rakentaa kaupungit, jotta kytkeytyneisyys voidaan
sdilyttdd ja ndin suojella luonnon monimuotoisuutta?
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Kytkeytyneisyys & graafiteoria

» Kytkeytyneisyys
» "Missd mddrin maisema helpottaa tai estdd
liikkkumista elinympaéristojen valilld”

* Voidaan mitata kvantitatiivisesti > = L

0 250 500 1000 Meters|

* Spatiaalinen graafi
* Yksinkertainen esitys maisemasta
» Noodit + linkit / Noodi

* Kytkeytyneisyysarvo
__— Linkki —

(Taylor et al. 1993, Urban & Keitt 2001)
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Mitigaatiohierarkia / lievennyshierarkia

+

Biodiversiteetti-
arvo

Haitta (esim. rakentaminen)

Kompensaatio
Biodiversiteetti .
. Kompensaatio
vaikutus
Biodiversiteetti
Biodiversiteetti vaikutus . .
) Ennallistami-
vaikutus
. . . . nen
Biodiversiteetti
vaikutus
Vihentiminen
Vilttiminen
Vaihe 1 Vaihe 2 Vaihe 3 Vaihe 4

- Kiytetidn usein vain paikallisella tasolla yksittdisissd hankkeissa!
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<«— Ylikompensointi
Net Positive Impact (NPT)

<« Kokonaisheikentymittomyys
No Net Loss (NNL)

Sovellettu: CSBI (2015)
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Tavoite

* Sovittaa mitigaatiohierarkia maisematasolle kytkeytyneisyyden
suojelemiseksi spatiaalisten graafien avulla
» "kytkeytyneisyyden kokonaisheikentymattomyys”
* Tuottaa menetelmid maank&dyton suunnittelun tueksi

Haitta (esim. rakentaminen)

<+— Ylikompensointi

syt Net Positive Impact (NPI)

«+— Kokonaisheikentymittomyys

Biodiversiteetti No Net Loss (NNL)

vaikutus Kompensaatio
iodivers:
; vaikutu
ol krmtee E Ilistami-
utus T
Biodiversitee
vaikutu:
Vihentim
Vilttimi
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Tutkimusesimerkki: Liito-orava Jyvaskylédssa

© EuroGeographics for the
administrative boundaries
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Yleiskatsaus menetelmisti

Spatiaalisen graafin luominen

| | \ @ vgrophob @

ArcGIS®

Liikkumisen
Elinympéristokartta |+ kustannusta
kuvaava kartta

Least-cost path - Skenaarioanalyysit muokkaamalla spatiaalista graafia

analyysi (LCP) | \ |
Einympéinsté;’/erl;ostoa kokgg;ggiiituk- Mitigaatiotaso 1: Mitigaatiotaso 2: Mitigaatiotaso 3:
uvaavagsg);ﬁlaa men sien selvittiminen vélttaminen vihentdminen kompensointi
(Duflot et al. 2018) (Berges et al. 2020)
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Liikkumisen kustannustaso

Maanpeite

Water Conservation area

I Building Forest, height <1 m

I Pool Forests, 1 m < height < 10 m
Road Forest, height unknown
Powerline Forest, heihgt unknown
Urban area with many trees Forests, height > 10 m
Urban area with few trees Suitable habitat

No vegetation
Low vegetation
High vegetation

Resoluutio 2 x 2 m

| anand
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. . Resistance gl ") R
Liikkumisen kustannustaso s =
] \,\
Low: 1
Maanpeiteluokka Kustannusarvo Liikkuminen \
Sopiva elinymparisto 1 hyva g \\\
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Yleiskatsaus menetelmisti

Spatiaalisen graafin luominen

| | \ @ vgrophob @

ArcGIS®

Liikkumisen
Elinympéristokartta |+ kustannusta
kuvaava kartta

Least-cost path — Skenaarioanalyysit muokkaamalla spatiaalista graafia

analyysi (LCP) | \ |
Eiinympéirlstés./erllfostoa kokgg:5;i§i tuke Mitigaatiotaso 1: Mitigaatiotaso 2: Mitigaatiotaso 3:
uvaavag:g:filaa Hen sien selvittiminen valttaminen vahentaminen kompensointi
(Duflot et al. 2018) (Berges et al. 2020)
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Spatiaalinen graafi

« LCP-analyysi laskee kumulatiivisesti
pienimmdn mahdollisen kustannusarvon
omaavan polun kahden elinympdristolaikun
valilla
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Spatiaalinen graafi

* Elinympdristolaikku = noodi
« LCP-polku = linkki
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Spatiaalinen graafi

* Nooditja linkit
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Kytkeytyneisyys

» Kytkeytyneisyysarvo (Equivalent Connectivity, EC) lasketaan liito-
oravan keskimddrdisen dispersaalimatkan perusteella + epdvarmuus

Deviation from
mean dispersal
distance

Metric distance

+40 %
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+10 %
+5 %
0 %
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2800 m
2400 m
2200 m
2100 m
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1800 m
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Picture: Benjam Pontinen

Natal dispersal distances
16 P W Males, n =48
2 14 O Females, n = 38
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=
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2,
‘*6 B
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<
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< 5
0 "”
2 2 n) 2 ] U] D ] 0] o 8 2 2
S F S o o ba@ & OF & P
Distance (m)
Figure 4

Natal dispersal distances (m) for male and female flying squirrels.
For animals classified as philopatric, the distance between natal nest

and nest in autumn was given.

(Hanski & Selonen 2009)
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Spatiaalinen graafi

e 1935 noodia and 3678 linkkia

» Kokonaiskytkeytyneisyys
= 3039 EC (ha)

— Referenssitaso

Nodes Nodes Links
dPC connector Area dPC connector
0,000000 - 0,000329

@ 10,0000 - 0,0008 o 512-81216 ha
0,0008 - 0,0034 81216 - 267840 ha ——— 0,000330 - 0,001262

Q @]
© 0,0034-00106 O 267840-656320ha —— 0001263 - 0,003134
® 0,0106-0,0281 (0 656320 - 1408256 ha e 0,003135 - 0,008958
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Yleiskatsaus menetelmisti

Spatiaalisen graafin luominen

| | \ @ vgrophob @

ArcGIS®

Liikkumisen
Elinympéristokartta |+ kustannusta
kuvaava kartta

Least-cost path - Skenaarioanalyysit muokkaamalla spatiaalista graafia

analyysi (LCP) | \ |
Ei(lnympéirlstti’:.ferllfostoa kokcf;raoi]se}f(;i?ltuk- Mitigaatiotaso 1: Mitigaatiotaso 2: Mitigaatiotaso 3:
uvaavagsg);ﬁma men sien selvittiminen vélttaminen vihentdminen kompensointi
(Duflot et al. 2018) (Berges et al. 2020)
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Maankdyton kokonaisvaikutus
ja haittojen vilttaminen

Skenaario Kuvaus

ALL Kaikki projektit rakennetaan

Pla Kaikki, paitsi projekti 1, rakennetaan
P2a Kaikki, paitsi projekti 2, rakennetaan
P3a Kaikki, paitsi projekti 3, rakennetaan
P4a Kaikki, paitsi projekti 4, rakennetaan
P5a Kaikki, paitsi projekti 5, rakennetaan
P6a Kaikki, paitsi projekti 6, rakennetaan
P7a Kaikki, paitsi projekti 7, rakennetaan
P8a Kaikki, paitsi projekti 8, rakennetaan
P9a Kaikki, paitsi projekti 9, rakennetaan
P10a Kaikki, paitsi projekti 10, rakennetaan
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Maankdyton kokonaisvaikutus
ja haittojen vilttaminen

1251

1001 1

-~
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1

EC loss or gain (ha)

251 i

=
== =

ALL P10a Pia P7a P3a P6a P5a P4a P2a P9 Pga
Scenarios
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Maankdyton kokonaisvaikutus
ja haittojen vilttaminen
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Maankdyton kokonaisvaikutus
ja haittojen vilttaminen

1251
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1001 1 /
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Maankdyton kokonaisvaikutus
ja haittojen vilttaminen
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Maankdyton kokonaisvaikutus
ja haittojen vilttaminen

1251

Projektin 10 vélttdminen laskisi
100 1 kokonaisvaikutuksia 43.8 %
— uusi referenssitaso

-]
o
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EC loss or gain (ha)

251 i

=
== =

ALL P10a Pia P7a P3a P6a P5a P4a P2a P9 Pga
Scenarios
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Maankdyton kokonaisvaikutus
ja haittojen vilttaminen
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Yleiskatsaus menetelmisti

Spatiaalisen graafin luominen
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Haittojen vihentdminen

» Toimenpiteitd projektialueiden
sisalld
* Esim. sddstetddn tarkeitd
elinympdristolaikkuja tai
yhteyksid (tai molempia)

* Projektit1ja3

v

Reduction scenarios

[Jpi_ca[JP1_R2[_1P1_R7[ __IP3_R4
[dpP1_R1[_JP1_R6[_]P3_R2

Reduction scenarios

[1P1_R3[_JP1_R5[_]P3_R3
[P1_R4 P3_R1[_|P3_R5

Legend Patches (dPC connector) LCP (dPC connector)
e FS observations I 0-0,0008 0-0,0003

---- Proposed green networks 0,0008 - 0,0034 —— 0,0003-0,0013

[ Landuse examples 0,0034 - 0,0107 ——0,0013 - 0,0031

I 0,0107 - 0,0282 - 0,0031 - 0,0090
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Reduction scenarios Reduction scenarios
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Yleiskatsaus menetelmisti

Spatiaalisen graafin luominen

| | \ @ vgrophob @

ArcGIS®

Liikkumisen
Elinympéristokartta |+ kustannusta
kuvaava kartta

Least-cost path - Skenaarioanalyysit muokkaamalla spatiaalista graafia

analyysi (LCP) | \ |
ELmympéinsté;./erl;ostoa kokfrfg:\ljgiiﬁ ke Mitigaatiotaso 1: Mitigaatiotaso 2: Mitigaatiotaso 3:
uvaavagsg);ﬁma men sien selvittiminen vélttaminen vahentdminen kompensointi
(Duflot et al. 2018) (Berges et al. 2020)
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Haittojen kompensointi

 Uusien sopivien elinympdristolaikkujen
perustaminen kaupungin omistamissa
metsissd
* 1833 laikkua, kooltaan keskiméaérin 1,7 ha

* Graphab: A cumulative patch addition
process (Foltéte et al. 2014)

* Etsii 20 uutta elinympdristolaikun paikkaa,
jotka lisdisivat verkoston kytkeytyneisyyttd
eniten

0 075 15 3Km N

Legend
-

|:| Landuse examples Suitable habitat | Areas for offsetting
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Haittojen kompensointi
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Haittojen kompensointi

kokonaisheikentymaéttomyys
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Haittojen kompensointi
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Haittojen kompensointi
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Toimenpiteiden vaikutukset
tiivistettyné

NNL
P10a + Rcomb3 + O20
Y
Pl0a + Reomb3 + Ol4 Avoidance =
Reduction
P10a + Rcomb3 -
Offsetting
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Net gain a2
All projects build
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Take-home messages

* Menetelmédn avulla maankdytto ja liito-oravan .
elinympadristoverkoston kytkeytyneisyyden suojelu oli
mahdollista sovittaa yhteén

7
1 age: Kaa{inai
? Kuusela i

* Spatiaaliset graafit hyodyllinen viline maankdyton
suunnittelussa

* Haasteita menetelmén kdytossa

 Sopivien paikkatietoaineistojen olemassaolo / tuottaminen
 Vaatii paljon laskentatehoa
« Epdvarmuudet liittyen mm. lajien dispersaaliin

* Menetelmad tulisi soveltaa kattamaan useita lajeja
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KONE FOUNDATION Vaitoskirj aproj ekti

Biodiversiteetin suojeleminen kaupungeissa: useiden lajien elinympaéristoverkostojen kytkeytyneisyyden
tarkeys kaupunkisuunnittelussa ja haittojen lievennystoimissa

Ohjaajat:
PhD Rémi Duflot
Tavoitteena: University of Jyvaskyla
* Soveltaa gradussa kdytetty menetelmd PhD Heini Kujala

Finnish Museum of Natural History
University of Helsinki

kattamaan useita lajeja

Prof. Janne Kotiaho

. . . . . . e oo U 3 t f . k 1
* Vertailla eri mallinnustapoja ja selvittda niversity of Jyvaskyld

parhaat menetelmit maank&dyton

: ST Yhteistyossa:
suunnittelun kdyttoon PHD Anne Laita
Land use planning biologist
City of Jyvaskyld
* Jyvdskyld tutkimusalueena . 3
JYVAsKYLA
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EXAMPLES OF DECLINES IN NATURE

ECOSYSTEM EXTENT AND CONDITION

47% W Natural ecosystems have declined by
47 per cent on average, relative to their
earliest estimated states.

DRIVERS

INDIRECT DRIVERS

Demographic ”,f-' ' SPECIES EXTINCTION RISK

and : .

: S o Approximately 25 per cent of species are
sociocultural SN Q% already threatened with extinction in
Terrestrial most animal and plant groups studied.
Economic ‘: el 1Y
and EFetoy e \ ECOLOGICAL COMMUNITIES

- AT
technological

FrTe 230, ™ Biotic integrity—the abundance of naturally-
present species—has declined by 23 per

iFreshwater
¢ '» R — . . ey
cent on average in terrestrial communities.*

e

Institutions - -

BIOMASS AND SPECIES ABUNDANCE

and
govermnance / Mari
4 A - The global biomass of wild mammals has
()

fallen by 82 per cent.” Indicators of

Conflicts © 20 40\ 60 80 100% vertebrate abundance have declined
and ; 3 rapidly since 1970

epidemics Ml Land/sea use change

Bl Direct exploitation

B Climate change

Values and behaviors

NATURE FOR INDIGENOUS PEOPLES
AND LOCAL COMMUNITIES

Pollution Zhe
B |nvasive alien species 729 W 72 per cent of indicators developed by
B Others indigenous peoples and local communities

show ongoing deterioration of elements
oy of nature important to them

* Since prehistory

IPBES 2019: Summary for policymakers of the global assessment report on biodiversity and ecosystem services. Source: https:/ /www.ipbes.net/news/Media-Release-Global-Assessment
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Maastotietokanta (MML 2019) Maastotietokanta (MML 2019) Maastotietokanta (MML 2019)
Many gaps + Forest data from Metsdkeskus + Forest data from Metsédkeskus
+ Forests owned by the city + Forests owned by the city
Still gaps + Forest data from LUKE (2017)

+ Corine landcover 2018
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Habitat suitability model

 Habitat Suitability Index (HSI)
based on expert knowledge of

habltat I‘equn‘ements (Monkkonen et al. 2014):

* The volume of spruce
* The proportion of spruce
* The volume of deciduous trees

Il
—_
Il

HSI highly suitable
HSI = 0 = not suitable

Journal of Environmental Management k{"”
Volume 134, 15 February 2014, Pages 80-89 ‘)" ¥

Spatially dynamic forest management to sustain biodiversity
and economic returns

Mikko Ménkkonen ™, Artti Juutinen b.cd Adriano Mazziotta®, Kaisa Miettinen ¢,
Dmitry Podkopaev ¢, Pasi Reunanen ?, Hannu Salminen 9, Olli-Pekka Tikkanen "

We used our own experience on flying squirrel habitat requirements (Reunanen et al. 2002, 2004;
Hurme et al. 2007) to formulate sub-utility functions for the flying squirrel:
1. Spruce vol m’/ha
0, if Vepruce < 140
0.028 * Vgppyce — 4, if 140 < Vgppyee < 175
1, if Vepruce > 175

Weprucevol =

2. Proportion of spruce of total timber volume (%)

0, if Pspruce < 50
Weprucep = 0.1 * Pspruce — 5. If 50 < Popryce < 60
L if Pspruce > 60

3. Volume of deciduous trees m’/ha

0, JEfvdec <12
Waee = §0.333 * vgee — 4, if 12 < vgee < 15
1 if Viee = 15

Habitat suitability for the flying squirrel is a product of these three functions
HSI_fS = Waprucevel * Wiprucep ¥ Wec,
and equals to one when the volume of spruce is > 175 m’/ha, the proportion of spruce of the total

timber volume 1s >60%,. and the volume of deciduous trees 1s > 15 m’/ha.

08.09.2021 Kosma M., Liito-orava -LIFE -kaupunkiwebinaari




ki £
LESEARCH GROUD UNIVERSITY OF JYVASKYLA

Results - Reduction scenarios

Project Scenario Reduction action

All CA All core areas for flying squirrel defined by city saved (seven)
Project 1 P1_CA All core areas in project 1 saved (two)

Project 1 P1_R1 Upper right corner saved (many patches and observations)

Project 1 P1_R2 Lower right corner saved (important habitats, one green connection)

Project 1 P1_R3 Bottom mid patch saved (large patch)

Project 1 P1_R4 Bottom mid area saved (many patches, one important for connectivity)
Project 1 P1_R5 Middle patch saved (many observations and one little core area)
Project 1 P1_R6 Bottom mid and middle patch and two connections saved

Project 1 P1_R7 Left area saved (important patches and green connection)

Project 3 P3_R1 Upper corner saved (three nearby patches and their connections)
Project 3 P3_R2 Upper patches saved (three nearby patches and their connections)
Project 3 P3_R3 Whole upper area saved (many nearby patches and their connections)

Project 3 P3_R4 One important link saved following LCP
Project 3 P3_R5 One important link saved following city proposed green connection

Project 6 P6_R1 Upper right patch saved (important for connectivity)

Project 6 P6_R2 Left patch saved (important for connectivity)
Project 6 P6_R3 Upper right and left patch and their connection saved
Project 6 P6_R4 Upper right and left patch and two connections saved

Project 7 P7_CA All core areas in project 7 saved (five)
Project 7 P7_R1 Middle patches saved (six patches)
Project 7 P7_R2 Middle area saved (six patches and their connections)

Project 7 P7_R3 Left corner saved (three patches and their connections)
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Project 1 and 3

Reduction scenarios

[1P1_R3[_JP1_R5[__]P3_R3

[1P1_R4 P3_R1[__|P3_R5

Reduction scenarios
|P3_R4

[JP1_caAJP1_R2[_JP1_R7|

[JP1_R1[JP1_R6[_]P3 R2

Legend Patches (dPC connector) LCP (dPC connector)
o FS observations I 0-0,0008 0-0,0003

---- Proposed green networks 0,0008 - 0,0034 —— 0,0003 - 0,0013

0,0034 - 0,0107 ——0,0013 - 0,0031

——0,0031 - 0,0090

[ Landuse examples
I 0,0107 - 0,0282
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Methods - Reduction scenarios

Project 6 and 7

Reduction scenarios Reduction scenarios
[1Pe_R1[_]P7_CA [1P6_R3
[JpPe_R2[]P7_R2

P7_R1
[P6_R4[]JP7_R3
Legend Patches (dPC connector) LCP (dPC connector)
e FS observations I 0-0,0008 ——0-0,0003
---- Proposed green networks 0,0008 - 0,0034

——0,0003 - 0,0013
——0,0013 - 0,0031
——0,0031 - 0,0090

[J Landuse examples 0,0034 - 0,0107

[l 0,0107 - 0,0282
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Equations:

Probability of dispersal which takes
dispersal capacity into account

— = di
pij = € y

Probability of Connectivity (to whole
network)

_ Z?:l Zj:l a; ajpi?

PC
Af

Percentage of variation in PC, for
ranking patches and links

PC — Pcremwe,k

dPCy =
PC

X 100

Three components of dPC

%
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“EC = the size of a single habitat patch (in ha)
which is totally connected and gives the same
probability of connectivity as the actual habitat
pattern”

Equivalent Connectivity

EC= \/E:r'lz:l Y= 4ia;P;;

Measuring the overall modification of
the network

varEC = ECafrE,_.. — Eﬂbefﬂm

dEC . ECﬂfIi‘J"_ECﬂEfGJ"E
ECpefore

dPCy = dPCy intra + dPCy flux + dPCy connector
Berges et al. 2020 and Duflot et al. 2018

Habitat availability =~ Dispersal flux ~ Connectivity
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Vaarantuneet
VYU Vulnerable

Case study - Study species

W
)

Siberian flying squirrel (Pteromys volans, FS)
* Vulnerable in Finland

» Under strict, but ineffective, protection -’
. . . o
 Able to live in fragmented urban areas Picture: Berfim Pontinen
« Connectivity found to be important for long-term '
persistence

— Landscape-scale conservation needed

* Moves mainly by gliding from tree to tree

Hyvérinen et al. 2019, Jokinen et al. 2015, Selonen & Hanski 2012, Mikeldinen et al. 2015 and 2016
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Steps

* I. Identifying biodiversity hotspots in urban landscape
 Data: Species observations (FinBIF, KSLY, city of JKL, ELY) + environmental layers
* Method: Species distribution modelling

* II. Modelling multi-species habitat networks and prioritizing areas important for
connectivity

* Data: SDMs + environmental layers + info from dispersal
» Method: spatial graphs (and Zonation?)

« III. Mitigating the effects of urban development on multi-species habitat networks
 Data: spatial graphs + city development plans
* Method: Scenario analyses

* IV. Studying the effect of habitat connectivity in mitigation planning (offsetting)
 Data: spatial graphs + scenarios of development

* Method: Scenario analyses, spatial statistics
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Species
* Birds

Lesser spotted woodpecker, LC
Eurasian three-toed woodpecker, LC
White-backed woodpecker, VU
Great spotted woodpecker, LC
Northern goshawk, NT

European honey buzzard, EN
Common buzzard, VU

Willow tit, EN

e Mammals

Siberian flying squirrel, VU
Eurasian Red Squirrel, LC
Western hedgehog, LC

Yellow-necked Field Mouse, LC (14 obs.)

Mountain Hare, LC (65 obs.)

e Others

Butterflies (but which species?)
Data problems: bats, bryophytes

Fungus: polypores, SieniAtlas (Panu Halme)?

Plants?
Lichen?

Environmental variables

 Forests

Forest stand and tree characteristics
Most important variables, MANY

The distance to nearest forest edge
The amount of forest in x distance

e Other landcover classes

Urban areas classified by density

Parks & gardens classified by vegetation
high /tree density

Agricultural areas, buildings, roads etc...
Hedgerows and green areas nearby roads?
The distance to nearest x

The amount of x in x distance

* Other environmental variables

Physical conditions

Temperature, elevation
Soil variables

Noise & light pollution



