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Abstract
+aEiWaW�lRss�anG�GeJUaGaWiRn�aUe�WKe�Pain�WKUeaWs�WR�EiRGiveUsiW\�wRUlGwiGe.�)RU�e[aPSle��neaUl\�
80% of peatlands in southern Finland have been drained. There is thus a need to safeguard the 
UePaininJ�SUisWine�PiUes�anG�WR�UesWRUe�GeJUaGeG�Rnes.�$nWs�Sla\�a�SivRWal�URle�in�Pan\�ecRs\sWePs�
anG�liNe�Pan\�Ne\sWRne�SlanW�sSecies��sKaSe�ecRs\sWeP�cRnGiWiRns�fRU�RWKeU�EiRWa.�7Ke�effecWs�Rf�
PiUe�UesWRUaWiRn�anG�sXEseTXenW�veJeWaWiRn�sXccessiRn�Rn�anWs��KRweveU��aUe�SRRUl\�XnGeUsWRRG.�
:e� invenWRUieG� WUee� sWanGs��veJeWaWiRn��waWeU�WaEle� level�� anG�anWs� �wiWK�SiWfall� WUaSs�� in�nine�
mires in southern Finland to explore differences in habitats, vegetation and ant assemblages 
aPRnJ�SUisWine��GUaineG����±���\eaUs�aJR��anG�UecenWl\�UesWRUeG���±��\eaUs�aJR��Sine�PiUes.�:e�
e[SecWeG�WKaW�UesWRUinJ�WKe�waWeU�WaEle�level�E\�GiWcK�fillinJ�anG�UecRnsWUXcWinJ�sSaUse�WUee�sWanGs�
E\�cXWWinJs�will� UecRveU�PiUe�veJeWaWiRn�anG�anWs.�:e� fRXnG�SUeGicWaEle� UesSRnses� in�KaEiWaW�
sWUXcWXUe��ÀRUisWic�cRPSRsiWiRn�anG�anW�assePElaJe�sWUXcWXUe�ERWK� WR�GUainaJe�anG�UesWRUaWiRn.�
+RweveU��fRU�PiUe�sSecialisW�anWs�WKe�UesXlWs�weUe�vaUiaEle�anG�lRnJeU�WeUP�PRniWRUinJ�is�neeGeG�
WR�cRnfiUP�WKe�sXccess�Rf�UesWRUaWiRn�since�WKese�sRcial�insecWs�esWaElisK�SeUennial�cRlRnies�wiWK�
lRnJ�cRlRn\�c\cles.�:e�cRnclXGe�WKaW�UesWRUinJ�WKe�waWeU�WaEle�level�anG�WUee�sWanG�sWUXcWXUe�seeP�
WR�UecRveU�WKe�cKaUacWeUisWic�veJeWaWiRn�anG�anW�assePElaJes�in�WKe�sKRUW�WeUP.�7Kis�UecRveU\�was�
liNel\�enKanceG�EecaXse�GUaineG�PiUes�sWill�KaG�ERWK�acURWelP�anG�caWRWelP��anG�cRnnecWeGness�
was�sWill�UeasRnaEle�fRU�PiUe�RUJanisPs�WR�UecRlRni]e�WKe�UesWRUeG�PiUes�eiWKeU�fURP�lRcal�UefXJia�
RU�fURP�SRSXlaWiRns�Rf�neaUE\�PiUes.

Keywords�$icKi�%iRGiveUsiW\�7aUJeW�����GiWcKinJ��ecRlRJical�UesWRUaWiRn��)RUPiciGae��Sine�ERJs�
anG�fens��WUansfRUPinJ�anG�WUansfRUPeG�GUaineG�PiUes��waWeU�WaEle�level
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1 Introduction

The Global Peatland Database of the International Mire Conservation Group (IMCG) has estimated 
that peatlands represent about 3% of the globe’s total land mass, and that at least 80% of peatlands 
aUe�lRcaWeG�in�aUeas�wiWK�nRUWKeUn�WePSeUaWe�RU�cRlG�cliPaWes��5\Gin�anG�-eJlXP������.�0XcK�Rf�
WKe�RUiJinal�SeaWlanG�aUea�Kas�alUeaG\�Eeen�lRsW��5\Gin�anG�-eJlXP������.�,n�)inlanG��SeaWlanGs�
cRveU�����Rf�WKe�lanG�Pass��wKicK�is�WKe�laUJesW�sKaUe�Rf�SeaWlanGs�JlREall\��$Xvinen�eW�al.������.�
At present, of the 8.8 million ha of peatland about 4.1 million ha remain undrained and 4.6 million 
ha are drained (Peltola 2014).

0RsW�Rf�WKe�)innisK�SUisWine�PiUes�aUe�siWXaWeG�in�/aSlanG��wKeUeas�in�sRXWKeUn�)inlanG�neaUl\�
����Rf�SeaWlanGs�Kave�Eeen�GUaineG��$Xvinen�eW�al.������.�'UainaJe�fRU�fRUesWU\�anG�aJUicXlWXUe��
anG�SeaW�KaUvesWinJ�aUe�WKe�Pain�WKUeaWs�WR�WKe�PiUe�EiRWa�anG�KaEiWaW�W\Ses�in�)inlanG��.aaNinen�eW�
al.�������5assi�eW�al.�������:RUNinJ�*URXS�Rn�a�1aWiRnal�6WUaWeJ\�fRU�0iUes�anG�3eaWlanGs������.�
2winJ�WR�GUainaJe��WKe�si]e�anG�cRnnecWiviW\�Rf�PiUes�Kave�GUasWicall\�GecUeaseG�in�sRXWKeUn�)in�
lanG��wKicK�Kas�iPSaiUeG�WKe�PRvePenW�anG�cRlRni]aWiRn�Rf�PiUe�EiRWa�aPRnJ�KaEiWaWs��$Xvinen�
eW�al.������.�7Ke�nXPEeU�Rf�UeG�lisWeG�sSecies�livinJ�SUiPaUil\�anG�secRnGaUil\�in�)innisK�PiUes�is�
����anG������UesSecWivel\��cRPSUisinJ��.���Rf�all�UeG�lisWeG�sSecies��5assi�eW�al.������.�%ecaXse�
SRSXlaWiRns�UesSRnG�slRwl\�WR�incUeaseG�KaEiWaW�lRss�aW�laUJe�sSaWial�scales��+ansNi��������Pan\�
PiUe�sSecies�aUe�liNel\�e[SeUiencinJ�an�e[WincWiRn�GeEW��7ilPan�eW�al.�������+ansNi�anG�2vasNainen�
�����.�)XUWKeUPRUe��a�nXPEeU�Rf�PiUe�assRciaWeG�insecWs�aUe�KaEiWaW�sSecialisWs��6SiW]eU�anG�'anNs�
������anG�WKXs�SURne�WR�e[WincWiRn��'Xnn������.�$n�anal\sis�Rf�cKanJes�Rf�UeG�lisW�caWeJRUies��i.e.��
GeJUee�Rf�WKUeaW��Rf�sSecies�in�)inlanG�EeWween�������5assi�eW�al.�������anG�������5assi�eW�al.�
������sKRweG�WKaW����PiUe�assRciaWeG�sSecies�Kave�EecRPe�PRUe�WKUeaWeneG��EXW�Rnl\���sSecies�
less�WKUeaWeneG��5assi�eW�al.������.�$lsR��SRSXlaWiRns�Rf�Pan\�PiUe�EiUG�anG�EXWWeUÀ\�sSecies�Kave�
GeclineG��wKicK�inGicaWes�an�incUeasinJ�nXPEeU�Rf�WKUeaWeneG�PiUe�sSecies��$Xvinen�eW�al.������.

&leaUl\��WKeUe�is�a�neeG�WR�safeJXaUG�WKe�UePaininJ�SUisWine�siWes�anG�WR�UesWRUe�GeJUaGeG�
ecRs\sWePs�Rf�(XURSean�PiUes��anG�(8�Kas�aJUeeG�Rf�WKe�JRal�Rf�UesWRUinJ�����Rf�GeJUaGeG�ecR�
s\sWePs�E\�������see�WKe�$icKi�%iRGiveUsiW\�7aUJeW�����&%'�������(XURSean�&RPPissiRn������.�
7Kis�WaUJeW��KRweveU��seePs�XnUealisWic��Keav\�UesWRUaWiRn�PeasXUes�PXsW�Ee�cRPSleWeG�acURss�laUJe�
aUeas�anG�in�a�sKRUW�WiPe��wKile�cRPSensaWinJ�fRU�RnJRinJ�GeJUaGaWiRn�elsewKeUe��.RWiaKR�eW�al.�
������see�alsR�.RWiaKR�anG�0Rilanen������.

5esWRUaWiRn�is�a�SURcess�wKeUe�WKe�fXncWiRns��sWUXcWXUes��SURcesses��anG�EiRWic�cRPPXni�
Wies�Rf�KaEiWaWs�anG�ecRs\sWePs�aUe�UeWXUneG�WRwaUGs�WKeiU�SUisWine�sWaWe��6RcieW\�fRU�(cRlRJical�
5esWRUaWiRn� ,nWeUnaWiRnal�6cience�	�3Rlic\�:RUNinJ�*URXS�������5\Gin�anG�-eJlXP�������RU�
WXUneG�inWR�a�GesiUeG�sWaWe.�3eaWlanG�UesWRUaWiRn�aiPs�fRU�WKe�UecRveU\�Rf�ecRs\sWeP�fXncWiRns��WR�
UeWXUn�naWXUall\�fXncWiRninJ�anG�self�sXsWaininJ��caUERn�accXPXlaWinJ�anG�nXWUienW�UeWaininJ�PiUe�
ecRs\sWePs��.XXlXvainen�eW�al.�������9asanGeU�eW�al.�������$aSala�eW�al.������.�,PSRUWanW�JRals�
inclXGe�WKe�UecRveU\�Rf�ecRK\GURlRJical�SURSeUWies��WKe�TXanWiW\�anG�TXaliW\�Rf�in�ÀRwinJ�anG�RXW�
ÀRwinJ�waWeUs�anG�naWXUall\�ÀXcWXaWinJ�waWeU�WaEle�levels��i.e.�naWXUal�K\GURlRJ\���WKe�UecRveU\�
Rf�SeaW�fRUPinJ�veJeWaWiRn��e.J.�Sphagnum�PRsses��anG�WKe�UecRveU\�Rf�sWUXcWXUal�cKaUacWeUisWics�
(e.g. species composition) and processes (e.g. succession) of the mire biota (Aapala et al. 2008). 
0an\�PiUes��even�wiWKin�WKe�cXUUenW�cRnseUvaWiRn�aUea�neWwRUN�Rf�)inlanG��Kave�Eeen�GUaineG�fRU�
fRUesWU\�SUiRU�WR�WKe�esWaElisKPenW�Rf�cRnseUvaWiRn�aUeas.�,n�����±�����aERXW��������Ka�Rf�WKese�
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SeaWlanGs�Kave�alUeaG\�Eeen�UesWRUeG�anG�aERXW��������Ka�sWill�neeG�WR�Ee�UesWRUeG�WR�safeJXaUG�WKe�
ecRlRJical�valXe�Rf�WKe�SURWecWeG�aUeas��6iPill�eW�al.������.

7Ke�effecWs�Rf�SeaWlanG�UesWRUaWiRn�Rn�WKe�EiRWa�neeG�fXUWKeU� invesWiJaWiRn��esSeciall\�Rn�
KaEiWaW�sSecialisWs��5\Gin�anG�-eJlXP������.�$nWs�SURviGe�valXaEle�infRUPaWiRn�wKen�evalXaWinJ�
lanG�PanaJePenW�acWiRns�anG�assessinJ�lRnJ�WeUP�ecRs\sWeP�cKanJes�EecaXse�WKe\�aUe�sensiWive�
WR�cKanJes�in�KaEiWaW�TXaliW\�anG�Sla\�a�SivRWal�URle�in�Pan\�ecRs\sWePs��$nGeUsen�anG�0aMeU�
������8nGeUwRRG�anG�)isKeU�������)aJan�eW�al.������.�7Ke\��liNe�Pan\�Ne\sWRne�SlanW�sSecies��
sKaSe�ecRs\sWePs�fRU�RWKeU�RUJanisPs.�7Ke�acWiviWies�Rf�anWs�anG�WKeiU�nesW�anG�WUail�cRnsWUXcWiRns�
Pa\�affecW�RWKeU�EiRWa�cRnsiGeUaEl\��+|llGREleU�anG�:ilsRn�������3XnWWila�anG�.ilSellinen�������
Finér et al. 2013, and references therein).

0iUes�cRPSUise�WKe�SUiPaU\�RU�secRnGaU\�KaEiWaW�fRU�aW�leasW�a�WKiUG�Rf�WKe����naWive�anW�sSecies�
Rf�)inlanG��3XnWWila�eW�al.������.�,n�ERUeal�aUeas��a�few�sWXGies�Kave�sKRwn�WKaW�GUainaJe�Rf�PiUes�
affecWs�PiUe�anW�sSecies�neJaWivel\��.URJeUXs�������&RllinJwRRG�������������9eSslllinen�eW�al.�
������3XnWWila�anG�.ilSellinen��������EXW�NnRwleGJe�Rn�PiUe�anW�cRPPXniWies�anG�WKeiU�assePEl\�
SURcesses�aUe�scaUce�JlREall\��6veXP�������9eSslllinen�eW�al.�������'lXssN\�������(llisRn�eW�al.�
������*RWelli�anG�(llisRn�����a��E��0aEelis�anG�&KaUGRn�������5aWcKfRUG�eW�al.�������6anGeUs�eW�
al.�������%XMan�eW�al.������.�7Ke�effecWs�Rf�PiUe�UesWRUaWiRn�anG�sXEseTXenW�veJeWaWiRn�sXccessiRn�
Rn�anWs�anG�RWKeU�insecW�faXna�aUe�SRRUl\�XnGeUsWRRG��/aiKR�eW�al.�������van�'Xinen�eW�al.�������
:aWWs�eW�al.�������(lR�eW�al.�������1RUeiNa�eW�al.������.

2XU�SUiPaU\�aiP�is�WR�cKaUacWeUi]e�GiffeUences�in�PiUe�KaEiWaWs��anW�assePElaJes�anG�WKe�RccXU�
Uence�Rf�inGiviGXal�anW�sSecies�aPRnJ�SUisWine��GUaineG�anG�UecenWl\�UesWRUeG�PiUes.�:e�fRcXseG�Rn�
WKUee�TXesWiRns�in�WKe�sKRUW�WeUP������:KaW�aUe�WKe�PRsW�essenWial�GiffeUences�in�veJeWaWiRn�EeWween�
SUisWine�anG�GUaineG�PiUes��anG�KRw�GR�UesWRUaWiRn�affecW�WKese"������'Res�WKe�anW�assePElaJe�sWUXc�
WXUe�GiffeU�EeWween�SUisWine�anG�GUaineG�PiUes�anG�KRw�GRes�UesWRUaWiRn�affecW�anW�assePElaJes"��
����+Rw�aUe�WKe�anW�sSecies�GisWUiEXWeG�aPRnJ�SUisWine��GUaineG�anG�UesWRUeG�PiUes��anG�wKaW�aUe�
WKe�PRsW�iPSRUWanW�PiUe�cKaUacWeUisWics�affecWinJ�WKe�anWs"�)XUWKeU��RXU�sWXG\�seUves�as�a�Easeline�
fRU�fXWXUe�PRniWRUinJ�Rf�WKe�sWXGieG�PiUes�wKen�lRnJeU�WeUP�UesWRUaWiRn�sXccess�is�evalXaWeG.

*eneUall\��we�WesW�if�UesWRUinJ�WKe�waWeU�WaEle�level�E\�GiWcK�fillinJ�anG�UecRnsWUXcWinJ�naWX�
Uall\�sSaUse�anG�lRw�Sine�sWanGs�E\�Keav\�WKinninJ�anG�SaUWial�cleaU�cXWWinJ��will�UesWRUe�KaEiWaWs�
WR�allRw�UecRlRni]aWiRn�anG�UecRveU\�Rf�WKe�veJeWaWiRn�anG�anWs�Rf�SUisWine�PiUe�KaEiWaWs.

2 Materials and methods

2.1 Study design

0eWslKalliWXs�3aUNs�	�:ilGlife�)inlanG�PanaJes�WKe�)innisK�cRnseUvaWiRn�aUea�neWwRUN�anG�aiPs�WR�
UesWRUe�PiUe�ecRs\sWePs�WKaW�Kave�Eeen�GUaineG�fRU�fRUesWU\�SUiRU�WR�WKe�esWaElisKPenW�Rf�cRnseUva�
WiRn�aUeas.�5esWRUaWiRn�sXccess�is�alsR�PRniWRUeG��$aSala�eW�al.������.�:e�XWili]eG�a�saPSlinJ�SlRW�
neWwRUN�esWaElisKeG�WR�PRniWRU�UesWRUaWiRn�sXccess�Rf�GUaineG�Sine�PiUes�wiWK�WKe�JRal�Rf�UeWXUninJ�
the drained mires to their natural state.

7Ke�nine�sWXG\�PiUes��7aEle����aUe�lRcaWeG�in�WwR�UeJiRns�in�)inlanG��1RUWKeUn�.aUelia�anG�
&enWUal�)inlanG��alRnJ�WKe�ERUGeU�EeWween�WKe�sRXWKeUn�anG�PiGGle�ERUeal�fRUesW�veJeWaWiRn�]Rnes�
�$KWi�eW�al.��������PRsWl\�in�WKe�eccenWUic�ERJ�]Rne��Sphagnum fuscum�UaiseG�ERJs��anG�SaUWl\�
�.iePanneva�anG�9llMlnneva�in�7aEle����in�WKe�sRXWKeUn�aaSa�PiUe�]Rne��5XXKiMlUvi������.�7Ke�
PiUes�aUe�Painl\�RPEURWURSKic��WKRXJK�RliJRWURSK\�is�alsR�wiGe�UanJinJ�anG�sRPe�PiUe�SaUWs�aUe�
PesRWURSKic.�$ll�PiUes�EelRnJ�SaUWl\�WR�WKe�1aWXUa������neWwRUN�Rf�naWXUe�SURWecWiRn�aUeas�EXW�SaUWs�
Rf�WKe�PiUes�KaG�Eeen�GUaineG�in�����s±����s�SUiRU�WR�WKe�esWaElisKPenW�Rf�naWXUe�cRnseUvaWiRn�
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aUeas��8XsiWalR�eW�al.������.�5esWRUaWiRn�Rf�SaUWs�Rf�all�WKe�sWXGieG�PiUes�sWaUWeG�in�����±�����E\�
fillinJ�WKe�GiWcKes�anG�E\�KaUvesWinJ�a�vaU\inJ�SURSRUWiRn�Rf�WUees�in�����±����.�'XUinJ�KaUvesWinJ��
WiPEeU�anG�SXlSwRRG�weUe�UePRveG��EXW�all�WUee�sWXPSs�anG�vaU\inJ�aPRXnWs�Rf�lRJJinJ�UesiGXes�
�EUancKes�anG�WUee�WRSs��weUe�lefW�EeKinG.

)RU�eacK�PiUe��SUiRU�WR�WKe�sWaUW�Rf�WKe�UesWRUaWiRn�SURcess�in�������WKUee�seSaUaWe�sWXG\�aUeas�
weUe�selecWeG�WR�UeSUesenW�GiffeUenW�WUeaWPenWs������SUisWine�PiUe������GUaineG�PiUe�anG�����UesWRUeG�
PiUe��7aEle���.�,n�Rne�Rf�WKe�PiUes��+einlsXR���KRweveU��WKe�aUea�GesiJnaWeG�WR�UePain�GUaineG�
was�alsR�UesWRUeG�anG�WKis�PiUe�WKXs�SURviGeG�Rne�SUisWine�anG�WwR�UesWRUeG�aUeas�EXW�nR�GUaineG�
aUea��7aEle���.�)RU�eacK�WUeaWPenW�SeU�PiUe��WwR�����P�WUansecWs��Rn�aveUaJe����P�aSaUW��weUe�
esWaElisKeG�wiWK�WKUee�saPSlinJ�lRcaWiRns�SeU�WUansecW.�7Kis�UesXlWeG�in�si[�saPSlinJ�lRcaWiRns�SeU�
WUeaWPenW�SeU�PiUe��nine�PiUes�î�WKUee�WUeaWPenWs�î�WwR�WUansecWs�î�WKUee�saPSlinJ�lRcaWiRns� �����
saPSlinJ�lRcaWiRns�.�7Ke�WUeaWPenWs�SeU�PiUe�weUe��Rn�aveUaJe������P�aSaUW.

Table 1. 0iUe�W\Ses�Rf�WKe�SUisWine��GUaineG�anG�UesWRUeG�WUeaWPenWs�SUiRU�WR�WKe�sWaUW�Rf�UesWRUaWiRn�in�������in�WKe�nine�
sWXG\�PiUes�in�&enWUal�)inlanG�anG�1RUWKeUn�.aUelia��anG�WKeiU�aSSUR[iPaWe�cRRUGinaWes.�1� �nXPEeU�Rf�saPSlinJ�lRca�
WiRns�UeSUesenWinJ�WKe�Jiven�PiUe�W\Se��WRWal� �����saPSlinJ�lRcaWiRns�.

Region/mire Treatment 0iUe�W\Ses1��1� Coordinates

Central Finland
.iePanneva Pristine ,5������5i15������75���� ������1��������(

Drained PX,5������7.J����
Restored muIR (3), muRaR(3)

9llMlnneva Pristine /N1������5a5�����65���� ������1��������(
Drained PX,5������PX5a5������PX75������7.J����
Restored PX,5������PX.e5������PX5a5����

6RXWKeUn�.XlKanvXRUi Pristine IR (1), SR (1), TR (4) ������1��������(
Drained PX,5������7.J����
Restored PX,5������7.J����

1RUWKeUn�.XlKanvXRUi Pristine LkR (6) ������1��������(
Drained PX5a5������7.J����
Restored PX5a5������7.J����

1RUWKeUn�.aUelia
Ristisuo Pristine LkR (1), RaR (5) ������1��������(

Drained PX,5������PX.J5������PX5a5����
Restored muIR (4), muPsR (1), muRaR (1)

-XXUiNNasXR Pristine LkR (1), RaR (5) ������1��������(
Drained PX,5������PX.J5������7.J������97����
Restored PX3s5������7.J����

Rapalahdensuo Pristine LkR (4), RaR (2) ������1��������(
Drained PX,5������PX/N5������PX5a5������7.J����
Restored PX,5������7.J����

Tiaissuo Pristine LkR (3), RaR (3) ������1��������(
Drained PX,5������7.J����
Restored muIR (4), muRaR (2)

+einlsXR Pristine /N1������5a5���� ������1��������(
5esWRUeG�a muIR (3), muLkR (2), muRaR (1)
5esWRUeG�E LkR (1), muIR (4), muLkR (1)

1 0iUe�W\Se�aEEUeviaWiRns�aUe�accRUGinJ�WR�(XURla�eW�al.���������anG�(nJlisK�WUanslaWiRns�aUe�accRUGinJ�WR�5aXniR�eW�al.���������,5� �
'waUf�sKUXE�Sine�ERJs��/N1� �/Rw�seGJe�ERJs�	�fens��/N5� �/Rw�seGJe�Sine�fens��PX,5� �7UansfRUPinJ�'waUf�sKUXE�Sine�ERJs��
PX.e5� �7UansfRUPinJ�5iGJe�KRllRw�Sine�ERJs��PX.J5� �7UansfRUPinJ�7Kin�SeaWeG�Sine�PiUes��PX/N5� �7UansfRUPinJ�/Rw�seGJe�
Sine�fens��PX3s5� �7UansfRUPinJ�Carex globularis�Sine�PiUes��PX5a5� �7UansfRUPinJ�Sphagnum fuscum�ERJs��PX75� �7UansfRUP�
ing Eriophorum vaginatum�Sine�ERJs��5i15� �)laUN�Sine�fens��5a5� �Sphagnum fuscum�ERJs��65� �7all�seGJe�Sine�fens��7.J� �
7UansfRUPeG�GUaineG�PiUes��75� �Eriophorum vaginatum�Sine�ERJs��97� �6XE�[eUic�KeaWK�fRUesWs.
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2.2 Vegetation, drainage and ant data collection

$W�eacK�saPSlinJ�lRcaWiRn��WKe�PiUe�siWe�W\Se�was�UecRUGeG�SUiRU�WR�UesWRUaWiRn�PeasXUes�in������
�7aEle�����anG�seveUal�seWs�Rf�GaWa�weUe�cRllecWeG������WUee�sWanG�cKaUacWeUisWics�weUe�UecRUGeG�fURP�
a circular 100 m2�WUee�saPSlinJ�SlRW��in�WKe�PiGGle�Rf�wKicK�����WUee�saSlinJ�anG�PicURsiWe�W\Se�
GaWa�weUe�UecRUGeG�fURP�a����P2 sapling square. In each corner of the 25 m2 sapling square, (3) 
WKe�cRveUs�Rf�vascXlaU�SlanW��PRss�anG�licKen�sSecies��anG�liWWeU�anG�sXUface�waWeU�weUe�esWiPaWeG�
wiWKin���P2�veJeWaWiRn�sTXaUes��fRXU�sTXaUes�SeU�saSlinJ�sTXaUe�.�7Ke�cRveUaJes�weUe�esWiPaWeG�
Rn�a�scale��.����.�����������������������������������������������������������������������.�'aWa�seWs�
�±��aERve�weUe�cRllecWeG�ERWK�SUiRU�WR�UesWRUaWiRn�in�������anG�aJain�in�������wKen�we�saPSleG�
WKe�anWs.�+eUe�we�Painl\�Xse� WKe������GaWa� WR�cKaUacWeUi]e�saPSlinJ� lRcaWiRns�anG� WR�SURviGe�
enviURnPenWal�vaUiaEles�fRU�WKe�anW�anal\ses.�$GGiWiRnall\��in�����������WKe�waWeU�WaEle�level�was�
PRniWRUeG�XsinJ�SlasWic�WXEes��39&�SiSes��lenJWK����cP��GiaPeWeU����PP��as�JURXnG�waWeU�wells.�
7Ke�WXEes�weUe�seW�in�WwR�RSSRsiWe�cRUneUs�Rf�eacK����P2�saSlinJ�sTXaUe.�:aWeU�WaEle�GeSWK��i.e.�
GisWance�Rf�WKe�waWeU�WaEle�fURP�WKe�PiUe�sXUface��was�PeasXUeG�wiWK�an�accXUac\�Rf���cP�aW�WwR�
weeN�inWeUvals��si[�WiPes�fURP�eaUl\�-Xne�WR�PiG�$XJXsW�in�����.

7KUee�ciUcXlaU�WUee�saPSlinJ�SlRWs��UaGiXs��.���P� �����P2��weUe�evenl\�SlaceG�alRnJ�eacK�
WUansecW��aSSUR[iPaWel\���.��P�aSaUW.�)URP�eacK�WUee�saPSlinJ�SlRW��WUee��KeiJKW�!�����cP��sSecies�
anG�WKeiU�sWeP�nXPEeUs�weUe�UecRUGeG.�7Ke�WUees�weUe�classifieG�inWR�si]e�classes�accRUGinJ�WR�WKeiU�
diameter at breast height (DBH, d1.3 m�classes�������±���anG�!����cP��anG�KeiJKW��classes��.�±����±��
anG�!���P�.�'eaG�sWanGinJ�WUees��snaJs��anG�fallen�GeaG�WUees��lRJs��weUe�UecRUGeG�in�a�siPilaU�wa\�
as the living trees (at 1.3 m DBH from the ground for snags and 1.3 m from the butt end for logs).

7Uee�saSlinJ�anG�EXsK��KeiJKW���±����cP��sSecies�anG�WKeiU�nXPEeUs�weUe�UecRUGeG�fURP�
the sapling square (25 m2��wiWKin�WKe�WUee�saPSlinJ�SlRW.�:iWKin�WKe�saSlinJ�sTXaUe�WKe�SeUcenWaJe�
cRveUs�Rf�PiUe�sXUface�WRSRJUaSK\�W\Ses�� i.e.�PicURsiWe� W\Ses��KXPPRcN�� lawn�anG�ÀaUN��weUe�
estimated to the nearest 10 percent.

%aseG�Rn�a�SUiRUi�NnRwleGJe�Rf�WKe�JeneUal�iPSRUWance�Rf�GiffeUenW�enviURnPenWal�cKaUacWeU�
isWics�Rn�WKe�RccXUUence�Rf�anWs��we�selecWeG�a�seW�Rf�SRWenWial�e[SlanaWRU\�vaUiaEles�in�WKe�anal\ses�
Rn�anWs.�9aUiaEles�selecWeG�UelaWe�WR�WKe�GeJUee�Rf�sKaGinJ�Rf�canRS\�la\eUs�Rf�GiffeUenW�KeiJKW�anG�
veJeWaWiRn�W\Se��WR�WKe�RccXUUence�Rf�SRWenWial�nesWinJ�siWes��anG�WR�WKe�RccXUUence�Rf�SRWenWial�SUe\�
and aphid colonies. Also, the most important predictor variables indicating successful restoration 
weUe�inclXGeG.�7Ke�vaUiaEles�XseG�inclXGeG�����WUeaWPenW��a�WKUee�level�facWRU��SUisWine��GUaineG��
restored), and several variables from (2) the 100 m2� WUee�saPSlinJ�SlRWs� �nXPEeU�Rf� lRw� WUees�
>�.�±��P@��Wall�WUees�>!��P@�anG�GeaG�WUees�������WKe����P2 sapling squares (number of tree saplings 
anG�SURSRUWiRns�Rf�WKe�PicURsiWe�W\Ses�KXPPRcN��lawn�anG�ÀaUN�������WKe���P2 vegetation squares 
�SeUcenWaJe�cRveUs�Rf�sXUface�waWeU�anG�liWWeU��WKe�SRRleG�cRveU�Rf�Sphagnum spp., the pooled cover 
Rf�RWKeU�PRsses��WKe�SRRleG�cRveU�Rf�KeUEs��seGJes�anG�JUasses��i.e.�nRn�wRRG\�annXal�SlanWs���WKe�
SRRleG�cRveU�Rf�lRw�������cP��GwaUf�sKUXEs��anG�WKe�SRRleG�cRveU�Rf�Wall��!����cP��GwaUf�sKUXEs�
anG�sKUXEs��fRU�GeWails��see�EelRw���aveUaJe�cRveU�Rf�WKe�fRXU���P2�veJeWaWiRn�sTXaUes�was�XseG��
anG�����waWeU�WaEle�GeSWK��aveUaJe�Rf�WKe�WwR�wells�SeU�saSlinJ�sTXaUe�.

9eJeWaWiRn�GaWa�weUe�XseG�WR�cKaUacWeUi]e�WKe�PicURKaEiWaW�W\Ses�Rf�WKe�saPSlinJ�lRcaWiRns�
sXcK�WKaW�WKe\�wRXlG�UeÀecW�WKe�Pain�ecRlRJical�JUaGienWs�aPRnJ�WKe�saPSlinJ�lRcaWiRns.�:e�cal�
culated the combined cover of (1) Sphagnum spp. mosses, (2) other mosses, (3) herbs, sedges and 
JUasses��sensX�(XURla�eW�al.�������WKaW�GR�nRW�SURviGe�sKaGe�in�eaUl\�sSUinJ�anG�laWe�aXWXPn������
lRw�GwaUf�sKUXEs��sSecies�W\Sicall\������cP�in�KeiJKW��Andromeda polifolia L., Calluna vulgaris 
(L.) Hull, Empetrum nigrum L., Vaccinium myrtillus L., V. vitis-idaea L.) excluding the recum�
bent V. oxycoccos L. and V. microcarpum��7XUc].�e[�5XSU.��6cKPalK.��anG�����Wall�GwaUf�sKUXEs�
(Chamaedaphne calyculata (L.) Moench, Ledum palustre L., V. uliginosum�/.��SRRleG�wiWK�sKUXEs�
(Betula nana L., Salix myrsinifolia�6alisE.��WKaW�SURviGe�sKaGe�WKURXJKRXW�WKe�JURwinJ�seasRn.



6

Silva Fennica vol. 50 no. 2 article id 1462 · Punttila et al. · The effects of drainage and restoration of pine…

$nWs�weUe�saPSleG�XsinJ�SiWfall�WUaSs.�2ne�WUaS��a���Gl�SlasWic�MaU�wiWK�inneU�GiaPeWeU�Rf�
���PP�anG�a�GeSWK�Rf����PP��was�seW�in�a�UeSUesenWaWive�lRcaWiRn�wiWKin�eacK�����P2�WUee�saPSlinJ�
SlRW��wKicK�\ielGeG���WUaSs�SeU�WUeaWPenW�SeU�PiUe��i.e.�����WUaSs�in�WRWal.�7UaSSinJ�was�cRnWinXRXs�
fRU�si[�weeNs��wiWK�caWcKes�cRllecWeG�anG�WUaSs�UeseW�eveU\�secRnG�weeN��EeWween�0a\�anG�-Xl\�
����.�7R�UePRve�WKe�sXUface�WensiRn�anG�SUeseUve�WKe�aUWKURSRGs�caXJKW����cl�Rf�a�����1a&l�sRlX�
WiRn�wiWK�a�few�GURSs�Rf�GeWeUJenW�was�aGGeG�WR�WKe�WUaSs.�$nWs�weUe�iGenWifieG�wiWK�WKe�Ne\s�Rf�
&RllinJwRRG���������6eifeUW��������������anG�&]ecKRwsNi�eW�al.�������.�2n�WKe�Easis�Rf�SXElisKeG�
GaWa��.URJeUXs�������9eSslllinen�eW�al.�������3XnWWila�anG�.ilSellinen�������anG�RXU�Rwn�fielG�
e[SeUience��all�WKe�fUeTXenWl\�cRllecWeG�anW�sSecies�weUe�UanNeG�accRUGinJ�WR�WKeiU�affiniW\�fRU�PiUe�
KaEiWaWs��UesSRnse�WR�GUainaJe�anG�affiniW\�fRU�Sine�KeaWK�fRUesWs�Rn�a�scale�fURP����sWURnJesW�PiUe�
affiniW\��WR����sWURnJesW�Sine�fRUesW�affiniW\�.�$GGiWiRnall\��wKen�anal\sinJ�WKe�effecWs�Rf�GUainaJe�
anG�UesWRUaWiRn�Rn�WKe�nXPEeU�Rf�PiUe�anW�sSecies��we�inclXGeG�Rnl\�WKRse�sSecies�assesseG�in�WKe�
laWesW�UeG�lisW�wRUN�Rf�)inlanG�E\�WKe�e[SeUW�JURXS�fRU�+\PenRSWeUa��5assi�eW�al.�������WR�live�
SUiPaUil\�in�PiUes��Formica exsecta�1\lanGeU��������F. picea�1\lanGeU��������F. uralensis�5X]sN\��
�����anG�Myrmica scabrinodis�1\lanGeU�������in�RXU�GaWa.

2.3 Statistical analyses

)iUsW��we�XseG�lRJ�liNeliKRRG�UaWiR�WesWs�anG�.UXsNal�:allis�nRn�SaUaPeWUic�PeGian�WesWs�WR�e[SlRUe�
vaUiaWiRn�in�WKe�WUee�sWanG�vaUiaEles�anG�RWKeU�vaUiaEles�cKaUacWeUi]inJ�PiUe�KaEiWaWs��anG�in�anW�
RccXUUence�aPRnJ�WKe�WUeaWPenWs.�7R�cRnWURl�fRU�false�GiscRveU\�UaWe�in�PXlWiSle�WesWinJ��WKe�RUiJi�
nal�S�valXes�weUe�aGMXsWeG�wiWK�WKe�PeWKRG�in�%enMaPini�anG�<eNXWieli��������XsinJ�WKe�fXncWiRn�
S.aGMXsW��PeWKRG� �³%<´��in�WKe�SacNaJe�sWaWs�in�5�veUsiRn��.�.���5�&RUe�7eaP������.�$GGiWiRn�
all\��we�anal\seG�anW�RccXUUence�aPRnJ�GiffeUenW�PiUe�W\Ses�wiWK�.UXsNal�:allis�nRn�SaUaPeWUic�
PeGian�WesWs�WR�incUease�RXU�liPiWeG�NnRwleGJe�Rf�KaEiWaW�assRciaWiRns�Rf�PiUe�anWs.�:e�e[clXGeG�
all�saPSlinJ�lRcaWiRns�Rn�UesWRUeG�PiUes�anG�all�PiUe�W\Ses�wiWK�less�WKan�fRXU�saPSlinJ�lRcaWiRns��
wKicK�UesXlWeG�in����saPSlinJ�lRcaWiRns�in�WKese�anal\ses.

6ecRnG��we�aSSlieG�nRn�PeWUic�PXlWiGiPensiRnal�scalinJ��10'6��WR�cKaUacWeUi]e�GiffeUences�
in�WUee�sWanGs��ÀRUisWic�cRPSRsiWiRn�anG�anW�assePElaJe�cRPSRsiWiRn�aPRnJ�WKe�WUeaWPenWs��SUisWine��
GUaineG�anG�UesWRUeG�.�7Ke�WKUee�10'6�RUGinaWiRns�weUe�SeUfRUPeG�XsinJ�WKe�veJan�cRPPXniW\�
ecRlRJ\�SacNaJe��veUsiRn��.�±���2Nsanen�eW�al.�������in�5��5�&RUe�7eaP������.�:e�XseG�WKe�veJan�
fXncWiRn�PeWa0'6�wiWK�PRnR0'6�WR�SURGXce�WwR�GiPensiRnal�10'6�RUGinaWiRns�wiWK�seveUal�
KXnGUeG�UanGRP�sWaUWs�WR�finG�sWaEle�sRlXWiRns.�7Ke�RUGinaWiRn�GiPensiRns��³a[es´��weUe�scaleG�
WR�Kalf�cKanJe�XniWs.�:e�fiWWeG�a�seW�Rf�enviURnPenWal�vaUiaEles��see�aERve��inWR�RUGinaWiRns�XsinJ�
WKe�veJan�fXncWiRn�envfiW�anG�WesWeG�WKeiU�fiW�wiWK�SeUPXWaWiRn�WesWs.

)RU�WKe�10'6�Rf�WKe�WUee�sWanG�cKaUacWeUisWics��WKe�*RweU�GissiPilaUiW\�PeasXUe�was�XseG��
WKe�GaWa�weUe�WKe�nXPEeU�Rf�saSlinJ�anG�WUee�inGiviGXals�SeU�sSecies��WKe�nXPEeU�Rf�saSlinJ�anG�
tree species, the number of trees in three diameter and three height classes, the number of snags 
in�WwR�GiaPeWeU�classes������cP���±���cP���anG�WKe�nXPEeU�Rf�lRJs�in�WKUee�GiaPeWeU�classes�in�
the 100 m2�WUee�saPSlinJ�SlRWs�anG����P2�saSlinJ�sTXaUes.�:e�e[clXGeG�vaUiaEles�wiWK�less�WKan���
positive values out of 162 data entries.

)RU�WKe�10'6�Rf�WKe�ÀRUisWic�GaWa��WKe�%Ua\�&XUWis�GissiPilaUiW\�PeasXUe��sTXaUe�URRW�WUans�
fRUPaWiRn�anG�:iscRnsin�GRXEle�sWanGaUGi]aWiRn�weUe�XseG.

)RU�WKe�10'6�Rf�WKe�anW�GaWa��WKe�5aXS�GissiPilaUiW\�PeasXUe�wiWK�anW�SUesence�aEsence�
GaWa�in�WKe�SiWfall�WUaSs�was�XseG��EecaXse�cRnsSecific�inGiviGXals�Rf�sRcial�insecWs�caSWXUeG�in�a�
SiWfall�WUaS�aUe�nRW�sWaWisWicall\�inGeSenGenW�XniWs�anG�GR�nRW�GiUecWl\�UeÀecW�assePElaJe�sWUXcWXUe�
�0elERXUne�������9eSslllinen�eW�al.�������*RWelli�eW�al.�������+iJJins�anG�/inGJUen������.�2nl\�
wRUNeU�anW�GaWa�weUe�inclXGeG�in�WKe�10'6�anG�RWKeU�PXlWivaUiaWe�anal\ses�EecaXse�Rnl\�wRUNeUs�
indicate established colonies.
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7KiUG��we�XseG�JeneUali]eG�lineaU�Pi[eG�PRGels��*/00��JlPeU�fXncWiRn�in�WKe�lPe��SacN�
age, Bates et al. 2013) in R (R Core Team 2013) to evaluate the effects of treatment and a set of 
enviURnPenWal�vaUiaEles�Rn�WKe�RccXUUence�Rf�anW�sSecies.�$nW�SUesence�aEsence�GaWa�weUe�PRG�
eleG�fRllRwinJ�a�EinRPial�eUURU�GisWUiEXWiRn.�0iUes�nesWeG�wiWKin�sWXG\�UeJiRns�weUe�inclXGeG�as�a�
UanGRP�facWRU.�1ine�sSecies�RccXUUinJ�in�! ����Rf�WKe�WUaSs�weUe�anal\seG�inGiviGXall\.

*/00�anal\ses�weUe�sXEMecW�WR�PRGel�selecWiRn��EXW�WUeaWPenW��Sphagnum cover, hummock 
cRveU�anG�nXPEeU�Rf�Wall�WUees��! ��P��nRW��RwinJ�WR�WKeiU�a�SUiRUi�e[SecWeG�iPSRUWance�fRU�WKe�
inGiviGXal�sSecies�anal\seG.�7Ke�fRllRwinJ�SUeGicWRU�vaUiaEles�weUe��KRweveU��sXEMecW�WR�PRGel�
selecWiRn��nXPEeU�Rf�GeaG�WUees��lRJs�anG�snaJs�SRRleG���liWWeU�cRveU��cRveUs�Rf�lRw��� 20 cm) and 
Wall��! ���cP��GwaUf�sKUXEs�anG�WKe�SRRleG�cRveU�Rf�KeUEs��seGJes�anG�JUasses.�7Kese�vaUiaEles�
weUe� UePRveG��Rne� aW� a� WiPe�� if� WKeiU�S�valXes� e[ceeGeG��.�� anG� if�$,&�valXes� �see�%XUnKaP�
and Anderson 2002) decreased after excluding the particular variable. All predictor variables 
�e[ceSW�WUeaWPenW��weUe�sWanGaUGi]eG�WR�]eUR�Pean�anG�XniW�vaUiance��6cKiel]eWK�������WR�PaNe�
WKeP�cRPSaUaEle.�0iUes�fURP�wKicK�nR�inGiviGXals�Rf�a�SaUWicXlaU�sSecies�weUe�caXJKW�weUe�nRW�
inclXGeG�in�WKe�*/00�anal\ses�since�WKe\�Pa\�Ee�XnsXiWaEle�fRU�WKaW�sSecies�fRU�UeasRns�WKaW�aUe�
nRW�cRnsiGeUeG�in�WKis�sWXG\.

3 Results

3.1 Mire-site types

Prior to starting restoration in 2003, 21.6% of the 162 sample locations represented transformed 
GUaineG�PiUes�wKeUe�WKe�iGenWificaWiRn�Rf�WKe�RUiJinal�PiUe�W\Se�was�iPSRssiEle�RwinJ�WR�sXccessiRnal�
changes. For the 34.0% and 43.8% of the sample locations established in pristine or transforming 
PiUe�W\Ses��UesSecWivel\��7aEle�����Sine�PiUes�anG�Sine�ERJs�weUe�GRPinaWinJ����.���Rf�all�����
lRcaWiRns���anG�Sine�fens�anG�UicK�Sine�fens�PaGe�XS���.��.�7Ke�PRsW�cRPPRn�SUisWine�W\Ses�weUe�
Sphagnum fuscum�ERJs��5a5����.���Rf�all�saPSle�lRcaWiRns��7aEle����anG�lRw�seGJe�Sine�fens�
�/N5���.�����anG�WKe�PRsW�cRPPRn�WUansfRUPinJ�W\Ses�weUe�WUansfRUPinJ�GwaUf�sKUXE�Sine�ERJs�
�PX,5����.����anG�WUansfRUPinJ�Sphagnum fuscum bogs (muRaR, 10.5%).

3.2 The effects of drainage and restoration on tree stand and vegetation

'UainaJe�leG�WR�a�fRXU�fRlG�incUease�in�WKe�nXPEeU�Rf�WUee�sWePs�UelaWive�WR�SUisWine�PiUes��anG�
WKe�incUease�in�EiUcK�UeGXceG�WKe�GRPinance�Rf�Sines�anG�leG�WR�Pi[eG�Sine�EiUcK�sWanGs�in�WKe�
GUaineG�PiUes��7aEle���.�7Uee�JURwWK�anG�WKXs�JURwinJ�sWRcN�incUeaseG��as�UeÀecWeG�esSeciall\�
E\�WKe�JUeaWeU�aEXnGance�Rf�laUJeU�WUees��G1.3 ! 7 cm or h ! 3 m) in drained than in pristine mires. 
5esWRUaWiRn� KaUvesWinJ� sXccessfXll\� cRnveUWeG� sWanG� sWUXcWXUe� �in� WeUPs� Rf� sWeP� nXPEeU�� WUee�
si]e�GisWUiEXWiRn�anG�WUee�sSecies�cRPSRsiWiRn��clRseU�WR�SUisWine�cRnGiWiRns��7aEle���.�6iPilaUl\��
WKeUe�weUe�PRUe�EiUcK�saSlinJs� in� WKe�GUaineG� WKan�SUisWine�PiUes��wKeUeas� UesWRUeG�PiUes�KaG�
inWeUPeGiaWe�nXPEeUs��7aEle���.�7Ke�aPRXnW�Rf�GeaG�WUees�was�JeneUall\�lRw�anG�UaWKeU�siPilaU�
aPRnJ� WKe� WUeaWPenWs�� EXW� WKe� aPRXnW�Rf� sPall�si]eG� lRJs�was�KiJKeU� in�GUaineG�anG� UesWRUeG�
than pristine mires (Table 2).

7Ke�PicURsiWe�W\Se�GisWUiEXWiRn�Rf�GUaineG�anG�SUisWine�PiUes�GiffeUeG�cRnsiGeUaEl\�fURP�Rne�
anRWKeU��WKe�sXUface�Rf�GUaineG�PiUes�was�alPRsW�cRPSleWel\�������7aEle����cRveUeG�E\�KXPPRcN��
wKeUeas�PRUe�WKan�Kalf�Rf�WKe�sXUface�Rf�SUisWine�PiUes�was�cRveUeG�E\�lawn�������anG�ÀaUN������.�
7Ke�PicURsiWe�W\Se�GisWUiEXWiRn�in�UesWRUeG�PiUes�UesePEleG�WKaW�Rf�SUisWine�PiUes��EXW�WKe�sKaUe�Rf�
KXPPRcN�was�laUJeU�������WKan�in�SUisWine�PiUes������.
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Table 2. Mean (xࡃ ���6(�� WUee�sWanG� anG� saSlinJ� cKaUacWeUisWics��PicURsiWe�W\Se� cRveUaJe��PiUe�sXUface� cRveUaJe� anG�
waWeU�WaEle�levels�Rf�WKe�saPSlinJ�lRcaWiRns�in�SUisWine��GUaineG�anG�UesWRUeG�PiUes.�'iffeUences�in�vaUiaEles�aPRnJ�WKe�
WUeaWPenWs�weUe�WesWeG�wiWK�.UXsNal�:allis�UanN�sXP�WesW��+��Gf� ����WUeaWPenWs�nRW�sKaUinJ�WKe�saPe�leWWeU�GiffeUeG�
siJnificanWl\�accRUGinJ�WR�a�SRsWeUiRUi�WesW�wiWK�cUiWical�Į� ��.���.�:e�aGMXsWeG�WKe�RUiJinal�S�valXes��S�aGM.�in�WKe�7aEle��
WR�cRnWURl�false�GiscRveU\�UaWe�in�PXlWiSle�WesWinJ�XsinJ�WKe�PeWKRG�in�%enMaPini�anG�<eNXWieli�������.�K� �KeiJKW��G1.3 
 �GiaPeWeU�aW�EUeasW�KeiJKW���.��P�fURP�WKe�PiUe�sXUface�level�RU��.��P�fURP�WKe�EXWW�enG�Rf�lRJs���anG�1� �nXPEeU�
of sampling locations. Data on living and dead trees are from the 100 m2�WUee�saPSlinJ�SlRWs��GaWa�Rn�WUee�saSlinJs�
anG�PicURsiWe�W\Ses�aUe�fURP�WKe����P2�saSlinJ�sTXaUes��GaWa�Rn�PiUe�sXUface�cRveUaJe�aUe�fURP�WKe���P2 vegetation 
sTXaUes��anG�GaWa�Rn�waWeU�WaEle�GeSWK�aUe�fURP�WKe�JURXnG�waWeU�wells.

9aUiaEle Treatment Test statistics

3UisWine��1� ���� 'UaineG��1� ���� 5esWRUeG��1� ����
xࡃ SE xࡃ SE xࡃ SE H p adj.

/ivinJ�WUees��K�!��.��P��
Total number of stems 5.8 1.0 a 23.1 2.5 b �.� 1.2 a 60.47 <0.0001
��1R.�Rf�Sines 5.8 1.0 a ��.� 1.3 b 8.0 1.2 a 42.03 <0.0001
��1R.�Rf�EiUcKes 0.1 0.0 a 7.4 2.3 b 1.2 0.4 a ��.�� <0.0001
��1R.�Rf�sWePs�G1.3 < 7 cm 4.7 0.8 a 13.8 2.3 b 7.1 1.1 a 17.65 0.0007
��1R.�Rf�sWePs�G1.3��±���cP 1.0 0.3 a 8.2 0.8 b 1.8 0.3 a 67.34 <0.0001
��1R.�Rf�sWePs�G1.3�!����cP 0.0 0.0 a 1.1 0.2 b 0.3 0.1 a 32.44 <0.0001
��1R.�Rf�sWePs�K��.�±��P 4.1 0.7 3.5 0.8 3.5 0.8 2.05 1.0000
��1R.�Rf�sWePs�K��±��P 1.7 0.3 a 12.5 2.0 b �.� 0.7 c 40.24 <0.0001
��1R.�Rf�sWePs�K�!���P 0.0 0.0 a 7.0 1.2 b 0.8 0.4 a ��.�� <0.0001
1XPEeU�Rf�sSecies �.� 0.1 a 1.8 0.1 b 1.0 0.1 a 53.10 <0.0001

Dead trees:
Total number of snags 0.7 0.2 1.1 0.2 �.� 0.3 �.�� 1.0000
��1R.�Rf�snaJs�G1.3 < 7 cm 0.6 0.1 �.� 0.2 0.8 0.3 �.�� 1.0000
��1R.�Rf�snaJs�G1.3��±���cP 0.1 0.1 0.2 0.1 0.1 0.0 1.16 1.0000
Total number of logs 0.0 0.0 a 0.4 0.2 a 0.6 0.2 a 10.24 0.0354
��1R.�Rf�lRJs�G1.3 < 7 cm 0.0 0.0 a 0.4 0.2 a 0.6 0.2 a 11.15 0.0235
��1R.�Rf�lRJs�G1.3��±���cP 0.0 0.0 0.1 0.0 0.1 0.0 1.57 1.0000
��1R.�Rf�lRJs�G1.3�!����cP 0.0 0.0 0.0 0.0 0.0 0.0 1.70 1.0000

7Uee�saSlinJs��K���±����cP��
Total number of saplings �.� 0.3 2.6 0.6 1.7 0.3 1.02 1.0000
��1R.�Rf�Sines �.� 0.3 a 1.4 0.4 b 1.2 0.2 ab 8.60 0.0736
��1R.�Rf�EiUcKes 0.0 0.0 a �.� 0.4 b 0.3 0.1 ab 17.14 0.0014
1XPEeU�Rf�sSecies 0.7 0.1 �.� 0.1 0.8 0.1 1.31 1.0000

0icURsiWe�W\Ses�����
 Hummock 46.1 3.6 a ��.� 2.0 b ��.� 4.1 c 71.47 <0.0001
�/awn 37.8 4.0 a 1.1 0.7 b 24.8 3.8 c 58.68 <0.0001
 Flark 15.5 3.6 a 0.0 0.0 b 6.3 1.7 a 27.05 <0.0001

0iUe�sXUface�cRveUaJe�����
 Water 0.0 0.0 a 0.0 0.0 a 2.4 1.0 a 14.20 0.0052
 Litter 2.4 1.2 a 12.1 3.1 ab 15.5 2.4 b 27.30 <0.0001
 Sphagnum spp. ��.� 1.7 a 30.7 3.8 b 46.0 �.� b ��.�� <0.0001
 Other mosses 3.1 0.6 a 38.4 �.� b 22.7 2.8 c 64.53 <0.0001
 Herbs, sedges and grasses 14.0 1.1 a 8.2 1.0 b ��.� 2.2 a 22.51 <0.0001
�/Rw�GwaUf�sKUXEs �.� 1.2 ab 16.6 2.1 a 8.6 1.3 b �.�� 0.0655
�7all�GwaUf�sKUXEs 3.7 0.6 a 6.2 0.8 ab �.� 1.0 b ��.�� 0.0007

:aWeU�WaEle�GeSWK��cP�EelRw�
WKe�PiUe�sXUface�

15.1 1.3 a 38.0 1.5 b 16.0 1.3 a 74.34 <0.0001
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6iPilaUl\��WKe�sXUface�cRveU�Rf�GUaineG�PiUes�was�GUaPaWicall\�GiffeUenW�fURP�SUisWine�PiUes��
WKe�PRss�la\eU�was�GRPinaWeG�E\�Sphagnum�PRsses�������7aEle����in�SUisWine�PiUes��in�GUaineG�
PiUes������wiWK�a�KiJKeU�cRveU�Rf�RWKeU�PRsses������.�'iffeUences�in�WKe�KeUE�la\eU�weUe�cleaU��
WKe�SRRleG�cRveU�Rf�KeUEs��seGJes�anG�JUasses�was�lRweU�anG�WKe�cRveU�Rf�Wall�GwaUf�sKUXEs�KiJKeU�
in drained than pristine mires (Table 2). Pristine mires had higher cover of Sphagnum mosses but 
lRweU�cRveU�Rf�RWKeU�PRsses��liWWeU�anG�Wall�GwaUf�sKUXEs�WKan�UesWRUeG�PiUes��7aEle���.

7Ke�waWeU�WaEle�level�was�lRweU�in�WKe�GUaineG��aW�a�GeSWK�Rf����cP��7aEle����WKan�in�WKe�
pristine (15 cm) and restored (16 cm) mires.

7Uee�sWanG�anG�saSlinJ�cKaUacWeUisWics�Rf�WKe�GUaineG�PiUes�GiffeUeG�cleaUl\�fURP�WKRse�Rf�
WKe�SUisWine�anG�UesWRUeG�PiUes�in�WKe�10'6�RUGinaWiRn��WUeaWPenW��U2   0.205, p < 0.001): sam�
SlinJ�lRcaWiRns�Rf�WKe�GUaineG�PiUes�weUe�WR�WKe�UiJKW�in�WKe�RUGinaWiRn�anG�GisSla\eG�laUJe�scaWWeU��
wKeUeas�lRcaWiRns�Rf�WKe�SUisWine�anG�UesWRUeG�PiUes�weUe�WR�WKe�lefW�wiWK�sPall�scaWWeU��)iJ.���$�.�
'UaineG�PiUes�weUe�cKaUacWeUi]eG�E\�a�EiUcK�Pi[WXUe�anG�an�aEXnGance�Rf�laUJe�WUees��EXW�SUisWine�
anG�UesWRUeG�PiUes�E\�Sines�anG�sPalleU�WUees��)iJ.���%�.�7Ke�scaWWeU�Rf�WKe�UesWRUeG�saPSlinJ�lRca�
WiRns��KRweveU��was�laUJeU�WKan�WKaW�Rf�WKe�SUisWine�Rnes��)iJ.���$�.�)ive�Rf�WKe����a�SUiRUi�selecWeG�
anG�fiWWeG�enviURnPenWal�vaUiaEles�sKRweG�siJnificanW�cRUUelaWiRns��S < �.�����wiWK�WKe�10'6�
RUGinaWiRn�sSace��WKe�nXPEeU�Rf�Wall�WUees��waWeU�WaEle�GeSWK�anG�WKe�cRveU�Rf�KXPPRcN�PicURsiWe�
W\Se�KaG�KiJKeU�valXes�in�WKe�GUaineG�PiUes�WKan�elsewKeUe��)iJ.���$�.�7Ke�valXes�Rf�SRRleG�cRveU�
of Sphagnum�PRsses�anG�WKRse�Rf�KeUEs��seGJes�anG�JUasses�weUe�KiJKeU�in�WKe�SUisWine�anG�UesWRUeG�
mires than in the drained ones (Fig. 1 A).

7Ke�ÀRUisWic�cRPSRsiWiRn�Rf�WKe�GUaineG�PiUes�GiffeUeG�cleaUl\�fURP�ERWK�WKe�SUisWine�anG�UesWRUeG�
PiUes�in�WKe�10'6�RUGinaWiRn��WUeaWPenW��U2   0.352, p < 0.001, Fig. 2 A). Sampling locations of the 
GUaineG�PiUes�weUe�PRsWl\�WR�WKe�UiJKW�in�WKe�RUGinaWiRn��wKeUeas�WKRse�Rf�WKe�SUisWine�PiUes�weUe�
PRsWl\�WR�WKe�lefW��anG�WKRse�Rf�WKe�UesWRUeG�PiUes�PRsWl\�in�EeWween��)iJ.���$�.�6aPSlinJ�lRcaWiRns�
WR�WKe�UiJKW��WKe�GUaineG�PiUes�anG�Pan\�Rf�WKe�UesWRUeG�Rnes�KaG�KiJKeU�cRveU�anG�RccXUUence�UaWe�Rf�
forest species such as Vaccinium myrtillus, V. vitis-idaea, Pleurozium schreberi (Willd. ex Brid.) Mitt. 
and Dicranum polysetum�6w.�e[�anRn.��wKeUeas�sSecies�cKaUacWeUi]inJ�SUisWine�PiUes�sXcK�as�Carex 
limosa L., C. pauciflora Lightf., Drosera rotundifolia L., Sphagnum balticum��5XssRw��&.(.2.-ensen��
S. fallax��+..linJJU.��+..linJJU.��S. fuscum��6cKiPS.��+..linJJU.��S. papillosum Lindb., S. rubellum 
Wilson and V. microcarpum�weUe�WR�WKe�lefW�in�RUGinaWiRn��)iJ.���%��$SSenGi[����availaEle�aW�http://
dx.doi.org/10.14214/sf.1462). Restoration seemed to have increased the covers and occurrence rates 
of mire species such as Sphagnum russowii Warnst., S. fallax and Polytrichum commune�+eGw.�in�WKe�
sKRUW�WeUP�as�seen�E\�WKeiU�lRcaWiRns�in�WKe�WRS�Kalf�Rf�WKe�RUGinaWiRn��)iJ.���%��$SSenGi[���.

$�nXPEeU�Rf�sSecies�lRcaWeG�in�WKe�WRS�Kalf�Rf�WKe�RUGinaWiRn�Kave�EenefiWWeG�fURP�UecenW�
disturbances during restoration, e.g. Carex globularis L., Polytrichum commune, Sphagnum squar-
rosum Crome and Straminergon stramineum��'icNs.�e[�%UiG.��+eGenls��)iJ.���%��$SSenGi[���.�
$GGiWiRnall\��WKe�cRveU�Rf�esSeciall\�Eriophorum vaginatum L. seemed to have increased consid�
eUaEl\�in�UesWRUeG�PiUes�UelaWive�WR�ERWK�GUaineG�anG�SUisWine�PiUes�alWKRXJK�WKeUe�weUe�nR�JUeaW�
differences in its occurrence rate among the treatments (Appendix 1).

7Ke�saPe�five�a�SUiRUi�selecWeG�enviURnPenWal�vaUiaEles�as�in�WKe�WUee�sWanG�10'6�sKRweG�
siJnificanW�cRUUelaWiRns��S < �.�����KeUe�anG�cRUUelaWeG�siPilaUl\�wiWK�WKe�veJeWaWiRn�RUGinaWiRn�sSace�
as�aERve��EXW�alsR�five�aGGiWiRnal�vaUiaEles�cRUUelaWeG�siJnificanWl\�wiWK�WKe�RUGinaWiRn��)iJ.���$���
lRw�GwaUf�sKUXEs�anG�liWWeU�WenGeG�WR�incUease�in�cRveU�WRwaUGs�WKe�GUaineG�PiUes��RWKeU�PRsses�
than Sphagnum�sSS.�WenGeG�WR�incUease�in�cRveU�WRwaUGs�WKe�GUaineG�anG�UesWRUeG�PiUes��anG�WKe�
cRveU�Rf�WKe�PicURsiWe�W\Se�ÀaUN�incUeaseG�WRwaUGs�WKe�SUisWine�PiUes�anG�WKaW�Rf�lawn�WRwaUGs�
ERWK�SUisWine�anG�UesWRUeG�PiUes.�*eneUall\��WKe�RUGinaWiRn�UevealeG�a�JUaGienW�fURP�PRUe�weW�anG�
feUWile�cRnGiWiRns�cKaUacWeUi]eG�E\�a�KiJK�cRveU�Rf�lawn�anG�ÀaUN�PicURsiWes�WR�GUieU�anG�SRRUeU�
cRnGiWiRns�wiWK�a�KiJK�cRveU�Rf�KXPPRcN�PicURsiWes��)iJ.���$�.

http://dx.doi.org/10.14214/sf.1462
http://dx.doi.org/10.14214/sf.1462
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3.3 Ant occurrence among mire-site types

7Ke�anW�GaWa�cRPSUiseG����sSecies���������wRUNeUs�Rf����sSecies������TXeens�Rf����sSecies�anG�
WwR�Pales�Rf�Rne�sSecies��$SSenGi[����availaEle�aW�http://dx.doi.org/10.14214/sf.1462). The most 
aEXnGanW�sSecies�in�WKe�wRUNeU�GaWa�weUe�Lasius platythorax�6eifeUW��������Formica uralensis, 
Myrmica ruginodis�1\lanGeU��������M. scabrinodis and F. sanguinea�/aWUeille��������anG�WKe�PRsW�
fUeTXenWl\�caXJKW�sSecies�weUe�M. ruginodis (66% of the 162 sampling locations), M. scabrinodis 
(65%), L. platythorax��������Camponotus herculeanus (Linnaeus, 1758) (33%), and Leptothorax 
acervorum��)aEUiciXs�������������.

7Ke�sSecies�UanNeG�a�SUiRUi�WR�Kave�WKe�sWURnJesW�Sine�fRUesW�affiniWies��C. herculeanus and M. 
ruginodis��weUe�PRUe�fUeTXenW�in�WUansfRUPinJ�anG�WUansfRUPeG�WKan�in�SUisWine�PiUe�W\Ses��wRUNeU�
GaWa��7aEle���.�6Secies�UanNeG�WR�Kave�WKe�sWURnJesW�PiUe�affiniWies�sKRweG�PRUe�vaUiaEle�SaWWeUn��F. 
picea�RccXUUeG�alPRsW�e[clXsivel\�in�SUisWine�PiUe�W\Ses��wKeUeas�F. uralensis and M. scabrinodis 
weUe�fRXnG�fUeTXenWl\�in�ERWK�SUisWine�anG�WUansfRUPinJ�anG�WUansfRUPeG�PiUe�W\Ses��7aEle���.�
7Ke�UesW�Rf�WKe�sSecies�seePeG�WR�RccXU�PRUe�evenl\�aPRnJ�WKe�PiUe�W\Ses��7aEle���.�4Xeens�Rf�
the forest species M. ruginodis�weUe�PRUe�fUeTXenW�in�WKe�WUansfRUPinJ�anG�WUansfRUPeG�WKan�in�
WKe�SUisWine�PiUe�W\Ses��wKeUeas�TXeens�Rf�M. scabrinodis�sKRweG�WKe�RSSRsiWe�SaWWeUn��7aEle���.�
7Ke�nXPEeU�Rf�all�anW�sSecies�GiG�nRW�GiffeU�aPRnJ�PiUe�W\Ses��wKeUeas�WKe�nXPEeU�Rf�PiUe�anW�
sSecies�was�KiJKeU�in�SUisWine�PiUe�W\Ses�WKan�in�WUansfRUPinJ�anG�WUansfRUPeG�W\Ses��anG�seePeG�
WR�GecUease�wiWK�incUeasinJ�JURwinJ�sWRcN��7aEle���.

Table 4. Mean (xࡃ ��UanJe��±���anG�WRWal��fU��RccXUUence�UaWes�Rf�anW�wRUNeUs�anG�TXeens��anG�WKe�Pean�nXPEeU��[ࡃ  ± SE, 
standard error given in the column fr) of mire ant species and all ant species in pristine, drained and restored mires. 
'iffeUences�in�WKe�RccXUUence�UaWe��fU��Rf�anW�sSecies�aPRnJ�WKe�WUeaWPenWs�weUe�WesWeG�wiWK�lRJ�liNeliKRRG�UaWiR�WesW��*2, 
Gf� �����anG�GiffeUences�in�WKe�nXPEeU�Rf�sSecies�weUe�WesWeG�wiWK�.UXsNal�:allis�UanN�sXP�WesW��+��Gf� ����WUeaWPenWs�
nRW�sKaUinJ�WKe�saPe�leWWeU�GiffeUeG�siJnificanWl\�fURP�eacK�RWKeU�accRUGinJ�WR�a�SRsWeUiRUi�WesW�wiWK�cUiWical�Į� ��.���.�:e�
aGMXsWeG�WKe�RUiJinal�S�valXes��S�aGM.�in�WKe�7aEle��WR�cRnWURl�false�GiscRveU\�UaWe�in�PXlWiSle�WesWinJ�XsinJ�WKe�PeWKRG�
in�%enMaPini�anG�<eNXWieli�������.�1� �nXPEeU�Rf�saPSlinJ�lRcaWiRns��WRWal�1� �����.

Species Treatment Test statistics

3UisWine����1� ���� 'UaineG����1� ���� 5esWRUeG����1� ����
xࡃ fr xࡃ fr xࡃ fr G2 p adj.

$nW�wRUNeUs�
 Formica picea 0.44 24 0.02 1 0.02 1 48.63 < 0.0001
 Formica uralensis 0.07 4 �.�� � 0.08 5 3.76 0.6328
 Myrmica scabrinodis 0.74 40 0.52 25 0.67 40 �.�� �.����
 Lasius platythorax 0.35 �� 0.50 24 0.60 36 7.13 0.1431
 Formica sanguinea 0.22 12 0.13 6 0.23 14 2.44 1.0000
 Leptothorax acervorum 0.30 16 0.15 7 0.20 12 3.52 0.6513
 Myrmica rubra �.�� 5 0.13 6 0.10 6 0.30 1.0000
 Myrmica ruginodis 0.37 20 �.�� 44 0.72 43 37.34 < 0.0001
 Camponotus herculeanus 0.06 3 0.67 32 0.30 18 47.23 < 0.0001
Ant queens:
 Myrmica scabrinodis 0.41 22 0.10 5 0.18 11 14.25 0.0061
 Myrmica ruginodis 0.04 2 0.42 20 0.28 17 ��.�� < 0.0001
 Camponotus herculeanus 0.11 6 0.02 1 0.20 12 �.�� 0.0450
Mean number of species: H p adj.
 Mire ants 1.3 0.1 a 0.8 0.1 b 0.8 0.1 b ��.�� < 0.0001
 All ants 2.7 0.2 a 3.6 0.2 b 3.1 0.1 ab 10.23 �.����

http://dx.doi.org/10.14214/sf.1462
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3.4 The effects of drainage and restoration on ants

7Ke�Pean�nXPEeU�Rf�PiUe�anW�sSecies�was�KiJKesW�in�SUisWine�PiUes��EXW�WKe�nXPEeU�Rf�all�anW�
sSecies�was�KiJKesW�in�GUaineG�PiUes��7aEle���.�7Ke�PiUe�sSecies�Formica picea occurred almost 
e[clXsivel\�in�WKe�SUisWine�PiUes��anG�WKe�TXeens�Rf�anRWKeU�PiUe�sSecies��Myrmica scabrinodis, 
weUe�PRsW�fUeTXenW�in�SUisWine�PiUes��EXW�WKis�SaWWeUn�was�nRW�REseUveG�fRU�iWs�wRUNeUs��7aEle���.�
7Ke�wRUNeUs�Rf�WKe�fRUesW�sSecies�Camponotus herculeanus and M. ruginodis�±�anG�TXeens�Rf�WKe�
laWWeU�±�weUe�PRsW�fUeTXenW�in�GUaineG�PiUes�anG�cRPPRn�alsR�in�UesWRUeG�PiUes.�2ccXUUence�UaWe�
SeaNeG�in�UesWRUeG�PiUes�Rnl\�fRU�C. herculeanus queens (Table 4). The occurrence rates of the rest 
Rf�WKe�sSecies�GiG�nRW�GiffeU�sWaWisWicall\�siJnificanWl\�aPRnJ�WKe�WUeaWPenWs��7aEle���.

2f�WKe�nine�sSecies�anal\seG�inGiviGXall\�wiWK�*/00��WKUee�weUe�UanNeG�a�SUiRUi�WR�Kave�
WKe�sWURnJesW�PiUe�affiniWies��UanN����F. picea, F. uralensis and M. scabrinodis���WwR�weUe�UanNeG�
a�SUiRUi�WR�Kave�WKe�sWURnJesW�Sine�fRUesW�affiniWies��UanN����M. ruginodis and C. herculeanus), and 
WKe�UePaininJ�fRXU�sSecies�WR�Ee�PRUe�JeneUalisWs�in�WKeiU�KaEiWaW�affiniWies��UanN����L. platythorax, 
F. sanguinea and rank 3: L. acervorum, species that occur both in mires and forests but disappear 
wiWK�WUee�canRS\�clRsXUe�GXUinJ�fRUesW�sXccessiRn��anG�UanN����M. rubra��/innaeXs���������wKicK�
is�NnRwn�WR�WRleUaWe�WUee�canRS\�sKaGinJ�.�%elRw��we�fRcXs�Rn�WKe�RveUall�WUenGs�Rf�RccXUUence�
Rf�sSecies�alRnJ�WKe�PiUe�fRUesW�cRnWinXXP��UaWKeU�WKan�sWaWisWicall\�siJnificanW�GiffeUences�in�WKe�
occurrence rate of individual species.

Fig. 3. 6WaWisWical�UesSRnses�Rf�inGiviGXal�anW�sSecies�WR�PiUe�WUeaWPenW��$� �PiUe�sSecialisW�sSecies��%� �JeneUalisW�sSe�
cies��&� �fRUesW�sSecies�.�
� �sWaWisWicall\�siJnificanW��S����.����UesSRnses��see�7aEle���.
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0iUe�sSecialisW�sSecies�sKRweG�vaUiaEle�UesSRnses�WR�WUeaWPenW��)iJ.���$��7aEle���.�For-
mica picea�UesSRnGeG�sWaWisWicall\�siJnificanWl\�anG�neJaWivel\�WR�UesWRUeG�siWes��anG�WKe�WUenG�fRU�
F. uralensis�sXJJesWs�neJaWive�assRciaWiRn�wiWK�UesWRUeG�PiUes.�,nWeUesWinJl\��M. scabrinodis and 
F. uralensis�WenGeG�WR�assRciaWe�wiWK�GUaineG�siWes.�7Ke�faiUl\�JeneUalisW�sSecies��L. platythorax 
UesSRnGeG�sWaWisWicall\�siJnificanWl\�anG�SRsiWivel\�WR�UesWRUeG�siWes��anG�WKe�WUenG�fRU�F. sanguinea 
sXJJesWs�WKaW�iW�assRciaWes�wiWK�UesWRUeG�siWes��)iJ.���%��7aEle���.�Myrmica rubra behaved like the 
fRUesW�assRciaWeG�sSecies��wKeUeas�L. acervorum responded more as a mire specialist (Fig. 3 B).

$s�e[SecWeG��WKe�WwR�fRUesW�assRciaWeG�sSecies��C. herculeanus and M. ruginodis, occurred 
sWaWisWicall\�siJnificanWl\�PRUe�RfWen�in�GUaineG�siWes��less�in�UesWRUeG�siWes�anG�leasW�fUeTXenWl\�in�
pristine sites (Fig. 3 C).

Fig. 4. 6WaWisWical�UesSRnses��PRGel�cRefficienWs���6(��see�7aEle����Rf�inGiviGXal�anW�sSecies�WR�enviURnPenWal�vaUiaEles��
$� �Sphagnum�PRss�cRveU��%� �nXPEeU�Rf�Wall�WUees��!���P���&� �KXPPRcN�cRveU.�
� �sWaWisWicall\�siJnificanW��S����.����
UesSRnses.�6Secies�weUe�lisWeG�a�SUiRUi��EaseG�Rn�e[SeUW�RSiniRn�anG�WKe�liWeUaWXUe��.URJeUXs�������9eSslllinen�eW�al.�
������3XnWWila�anG�.ilSellinen�������fURP�WKe�PRsW�PiUe�assRciaWeG��PiUe�sSecialisW��sSecies�aW�WKe�WRS�Rf�eacK�SlRW�
WR�sSecies�wiWK�WKe�sWURnJesW�fRUesW�affiniWies��fRUesW�sSecies��aW�WKe�ERWWRP�Rf�eacK�SlRW��JeneUalisW�sSecies�aUe�lRcaWeG�
in�EeWween.
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$nWs�UesSRnGeG�sWaWisWicall\�siJnificanWl\�WR�a�nXPEeU�Rf�vaUiaEles�WesWeG��alWKRXJK�WKe�sSe�
cies�seePeG�WR�GiffeU�in�sensiWiviW\��7aEle���.�2nl\�WKe�PiUe�sSecialisW�M. scabrinodis responded 
siJnificanWl\�anG�SRsiWivel\�WR�Sphagnum moss cover, although there is a suggestive trend of mire 
sSecialisW�sSecies�EeinJ�SRsiWivel\�assRciaWeG�wiWK�Sphagnum cover and forest species the oppo�
siWe�wa\��)iJ.���$�.�7Ke�nXPEeU�Rf�Wall�WUees��! ��P��seePeG�WR�affecW�WKe�PaMRUiW\�Rf�sSecies�as�
e[SecWeG�a�SUiRUi��WKe�SUREaEiliW\�Rf�RccXUUence�Rf�PiUe�sSecialisW�sSecies�WenGeG�WR�GecUease�anG�
WKaW�Rf�fRUesW�sSecies�WR�incUease�wiWK�an�incUease�in�WKe�nXPEeU�Rf�Wall�WUees��)iJ.���%�.�7wR�sSecies�
UesSRnGeG�sWaWisWicall\�siJnificanWl\�WR�WKe�nXPEeU�Rf�Wall�WUees��as�SUeGicWeG��WKe�PiUe�sSecialisW�
M. scabrinodis�neJaWivel\�anG�WKe�fRUesW�sSecies�C. herculeanus�SRsiWivel\.�1Rne�Rf�WKe�sSecies�
UesSRnGeG�sWaWisWicall\�siJnificanWl\�WR�KXPPRcN�cRveU��alWKRXJK�WKe�PiUe�sSecialisW�F. picea and 
the generalist L. platythorax�aSSeaUeG�WR�UesSRnG�SRsiWivel\�anG�WKe�fRUesW�sSecies�M. ruginodis 
neJaWivel\�WR�KXPPRcN�cRveU��)iJ.���&��7aEle���.�$GGiWiRnall\��a�few�RWKeU�vaUiaEles�UePaineG�in�
WKe�final�PRGels��EXW�fRU�Rnl\�WwR�sSecies�WKe�UesSRnses�weUe�sWaWisWicall\�siJnificanW��C. herculeanus 
sKRweG�a�neJaWive�UesSRnse�WR�GeaG�WUees��anG�M. ruginodis�UesSRnGeG�SRsiWivel\�WR�lRw�anG�Wall�
GwaUf�sKUXEs�anG�annXal�SlanWs��7aEle���.

7Ke�anW�assePElaJe�sWUXcWXUe�Rf�WKe�GUaineG�PiUes�GiffeUeG�fURP�WKe�SUisWine�PiUes�in�WKe�
10'6�RUGinaWiRn��WUeaWPenW��U2   0.221, p < �.������EXW�WKe�scaWWeU�Rf�WKe�saPSlinJ�lRcaWiRns�was�
laUJe�in�eacK�Rf�WKe�WKUee�WUeaWPenWs��anG�WKe�lRcaWiRns�Rf�WKe�UesWRUeG�PiUes�RveUlaSSeG�wiWK�WKRse�
of both pristine and drained ones (Fig. 5 A). There seems to be a naturalness gradient from the 
saPSlinJ�lRcaWiRns�Rf�SUisWine�PiUes��WR�WKe�UiJKW��WRwaUGs�WKRse�Rf�GUaineG�PiUes��WR�WKe�lefW���wiWK�
WKe�lRcaWiRns�Rf�UesWRUeG�PiUes�in�EeWween��)iJ.���$�.�6even�Rf�WKe����fiWWeG�enviURnPenWal�vaUi�
aEles�cRUUelaWeG�siJnificanWl\��S < �.�����wiWK�WKe�10'6�RUGinaWiRn�sSace��WKe�cRveU�Rf�Sphagnum 
PRsses�anG�WKaW�Rf�WKe�PicURsiWe�W\Se�ÀaUN�incUeaseG�WRwaUGs�WKe�SUisWine�lRcaWiRns��wKeUeas�WKe�
UesW�Rf�WKe�sWaWisWicall\�siJnificanW�vaUiaEles�weUe�UelaWeG�WR�GUainaJe�anG�cRUUelaWeG�aSSUR[iPaWel\�
in�WKe�RSSRsiWe�GiUecWiRn��WRwaUGs�WKe�GUaineG�anG�UesWRUeG�PiUes��)iJ.���$�.�$nW�assePElaJes�Gif�
feUeG�fURP�eacK�RWKeU�sXcK�WKaW�WKe�PRUe�fRUesWeG�PiUes�seePeG�WR�Ee�lRcaWeG�WR�WKe�lefW�KanG�siGe�
�cRUUelaWiRn�wiWK�Wall�WUees��anG�WKe�PRUe�RSen�PiUes�wiWK�aEXnGanW�lRweU�WUees�PRUe�WR�WKe�WRS�Rf�
the ordination.

'iffeUences�in�anW�assePElaJes�aPRnJ�WKe�nRn�SUisWine�PiUes�weUe�e[SUesseG�sXcK�WKaW�WKe�
sKaGe�WRleUanW�fRUesW�sSecies�C. herculeanus and M. ruginodis�RccXUUeG�in�WKe�PRUe�Keavil\�fRUesWeG�
saPSlinJ�lRcaWiRns�aW�WKe�ERWWRP�lefW�Rf�WKe�RUGinaWiRn��wKeUeas�sSecies�Rf�RSen�canRS\�fRUesWs�
anG�PiUes�±�sXcK�as�L. platythorax, Leptothorax acervorum, Formica sanguinea and F. exsecta�±�
cKaUacWeUi]eG�WKe�less�Gensel\�fRUesWeG�saPSlinJ�lRcaWiRns�WR�WKe�WRS�UiJKW��)iJ.���%�.�2Sen�SUisWine�
PiUes�weUe�cKaUacWeUi]eG�E\�WKe�RccXUUence�Rf�WKe�PiUe�sSecies�F. picea and M. scabrinodis, at the 
bottom right of the ordination (Fig. 5 B). Another mire species, F. uralensis��KRweveU��KaG�EenefiW�
WeG�fURP�GUainaJe�aW�leasW�WePSRUaUil\��anG�is�lRcaWeG�clRseU�WR�WKe�fRUesW�sSecies�C. herculeanus 
and M. ruginodis in ordination (Fig. 5 B). Indeed, half of the occurrences of F. uralensis�weUe�
from drained mires (Table 4).

4 Discussion

,n�JeneUal��RXU�UesXlWs�sKRweG�SUeGicWaEle�UesSRnses�in�ERWK�KaEiWaW�sWUXcWXUe�±�inclXGinJ�veJeWa�
WiRn�±�anG�anW�assePElaJes�WR�PiUe�GUainaJe�anG�UesWRUaWiRn.�7Kis�cRnclXsiRn�is�siPilaU�WR�WKe�UesXlWs�
in�a�PiUe�UesWRUaWiRn�sWXG\�GealinJ�wiWK�a�nXPEeU�Rf�sRliWaU\�inveUWeEUaWe�JURXSs��1RUeiNa�eW�al.�
�����.�7aNen�WRJeWKeU��RXU�UesXlWs�aUe�cRnsisWenW�wiWK�WKe�)ielG�Rf�'UeaPs�K\SRWKesis��3alPeU�eW�
al.��������wKicK�sXJJesWs�WKaW�if�\RX�UeEXilG�WKe�KaEiWaW�sWUXcWXUe��WKe�ÀRUa�anG�faXna�will�UeWXUn��
KeUe�PiUe�UesWRUaWiRn�UesXlWeG�in�UaSiG�UecRveU\�Rf�PiUe�veJeWaWiRn�anG�anW�assePElaJes��see�alsR�
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1RUeiNa�eW�al.������.�+RweveU��fRU�PiUe�sSecialisW�anW�sSecies�WKe�UesXlWs�weUe�vaUiaEle�anG�lRnJeU�
WeUP�PRniWRUinJ�is�neeGeG�WR�evalXaWe�WKe�sXccess�Rf�UesWRUaWiRn.�&RnsiGeUaEle�WiPe�laJ�±�UelaWive�
WR�sRliWaU\�insecWs�wiWK�sKRUWeU�JeneUaWiRn�WiPes�±�is�e[SecWeG�in�WKe�UesSRnse�Rf�anWs��wKicK�fRUP�
lRnJ�liveG�SeUennial�cRlRnies�wiWK�lRnJ�cRlRn\�c\cles.

4.1 Effects of drainage and restoration on mire-habitat structure

5esWRUaWiRn�PeasXUes�±�WKe�fillinJ�Rf�GiWcKes��Keav\�WKinninJ�anG�SaUWial�cleaU�cXWWinJ�Rf�WUee�sWanGs�
±�weUe�sXccessfXl�in�WKaW�ERWK�WKe�waWeU�WaEle�level�anG�sWanG�sWUXcWXUe�Rf�UesWRUeG�PiUes�PaWcKeG�
WKRse�Rf�SUisWine�PiUes�� alWKRXJK�KeavieU� cXWWinJs�Rf� laUJeU� WUees�wRXlG�Kave�Eeen� UeTXiUeG� WR�
accRUG�EeWWeU�wiWK�SUisWine�PiUes�in�WeUPs�Rf�WUee�canRS\�sKaGinJ.�7Ke�aPRXnW�Rf�GeaG�wRRG�was�
JeneUall\�lRw�in�all�PiUes��anG�WKe�aPRXnW�Rf�sPall�lRJs�was�Rnl\�sliJKWl\�KiJKeU�in�GUaineG�anG�
UesWRUeG�PiUes�WKan�in�SUisWine�Rnes�inGicaWinJ�WKaW�WUee�PRUWaliW\�GXe�WR�cRPSeWiWiRn�KaG�nRW�\eW�
sWaUWeG�in�GUaineG�PiUes��anG�WKaW�cRaUseU�lRJJinJ�UesiGXes��felleG�WUees��weUe�nRW�lefW�EeKinG�in�
restored mires in large quantities.

:e�sKRweG�WKaW�WUee�sWanG�sWUXcWXUe�was�PRUe�vaUiaEle�in�WKe�GUaineG�WKan�in�WKe�SUisWine�
RU�UesWRUeG�aUeas��)iJ.���$���wKicK�fRllRweG�SUREaEl\�ERWK�fURP�GUainaJe�anG�fRUesW�PanaJePenW�
acWiviWies.�,n�WKe�lRnJ�UXn��fRUesW�PanaJePenW�WenGs�WR�KRPRJeni]e�sWanG�sWUXcWXUe�E\��e.J.�GecUeas�
inJ�vaUiaWiRn�in�sWeP�si]e�GisWUiEXWiRn��wKeUeas�fRUesW�sWanGs�in�SUisWine�PiUes�e[KiEiW�PXlWi�PRGal�
sWUXcWXUe��8XWWeUa�eW�al.������.

7Ke�SUisWine�PicURsiWe�W\Se�GisWUiEXWiRn�was�Ue�esWaElisKeG�a�few�\eaUs�afWeU�UesWRUaWiRn��WKe�
PiUe�sXUface�was�alPRsW�cRPSleWel\�cRveUeG�E\�WKe�KXPPRcN�PicURsiWe�W\Se�in�GUaineG�PiUes��EXW�
was�UeGXceG�WR�WwR�WKiUGs�in�UesWRUeG�PiUes��wKeUeas�iW�was�����in�SUisWine�PiUes.�$lWKRXJK�KaEiWaW�
sWUXcWXUe�Rf�WKe�UesWRUeG�PiUes�KaG�cleaUl\�cKanJeG�WRwaUGs�SUisWine�cRnGiWiRns�in�a�few�\eaUs�afWeU�
restoration, the cover of Sphagnum�PRsses�was�sWill�lRweU��siPilaUl\�as����\eaUs�afWeU�UesWRUaWiRn�
in�+aaSaleKWR�eW�al.��������anG�WKe�cRveU�Rf�e.J.�Wall�GwaUf�sKUXEs�was�sWill�KiJKeU�in�UesWRUeG�WKan�
SUisWine�PiUes��see�)iJ.���in�/aine�eW�al.�����a�.

Drainage seemed to have led to similar successional changes of mire vegetation as in ear�
lieU�sWXGies�±�incUeaseG�RccXUUence�anG�cRveU�Rf�fRUesW�sSecies�anG�WKe�GisaSSeaUance�RU�Gecline�
Rf�PiUe�sSecies��/aine�eW�al.�����a��E��-aXKiainen�eW�al.�������+aaSaleKWR�eW�al.�������+aaSaleKWR�
�����.�6iPilaUl\��a�UaSiG�cKanJe�WRwaUGs�SUisWine�ÀRUisWic�cRPSRsiWiRn�in�UesWRUeG�PiUes�Kas�Eeen�
REseUveG�in�eaUlieU�sWXGies.�7Ke�sWUenJWK�Rf�WKe�UesSRnse�GeSenGs�Rn�WKe�seveUiW\�Rf�GeJUaGaWiRn�
Rf�WKe�GUaineG�PiUes��anG�Rn�PiUe�feUWiliW\.�5aSiG�UesSRnses�Kave�Eeen�UesWUicWeG�WR�less�Keavil\�
GeJUaGeG�siWes�wiWKin�UesWRUeG�PiUes��wKeUeas�nR�RU�Rnl\�PinRU�cKanJes�Kave�Eeen�UeSRUWeG�fURP�
Keavil\�GeJUaGeG�siWes��.RPXlainen�eW�al.�������-aXKiainen�eW�al.�������+aaSaleKWR�eW�al.�������
+aaSaleKWR������.�,n�RXU�GaWa��WKe�UaSiG�UecRveU\�Pa\�Kave�Eeen�enKanceG�E\�a�lacN�Rf�GisSeUsal�
EaUUieUs��as�WKe�UesWRUeG�PiUes�weUe�SaUWs�Rf�laUJeU�PiUes�wiWK�vaU\inJ�SURSRUWiRns�Rf�XnGiWcKeG�
aUeas.�7Kese�liNel\�SURviGe�UefXJia�fRU�PiUe�sSecies�in�clRse�SUR[iPiW\�Rf�WKe�GUaineG�anG�UesWRUeG�
PiUes��anG�WKXs�WKe\�alsR�seUve�as�SRWenWial�aUeas�fRU�UecRlRni]aWiRn�Rf�UesWRUeG�PiUes.

6iPilaUl\�WR�eaUlieU�sWXGies��sRPe�sSecies��e.J.�Eriophorum vaginatum��UesSRnGeG�sWURnJl\�
E\�incUeasinJ�in�cRveU��.RPXlainen�eW�al.�������-aXKiainen�eW�al.�������+aaSaleKWR�eW�al.������.�2n�
WKe�RWKeU�KanG��sRPe�ERJ�sSecies�Rf�weW�KRllRws��e.J.�Carex limosa and Scheuchzeria palustris L., 
seePeG�WR�Ee�PissinJ�fURP�UesWRUeG�PiUes�in�WKe�sKRUW�WeUP��siPilaUl\�as����\eaUs�afWeU�UesWRUaWiRn�in�
+aaSaleKWR�eW�al.��������anG�in�anRWKeU�sWXG\�WKese�sSecies�seePeG�nRW�WR�Kave�cRlRni]eG�UesWRUeG�
PiUes�even�afWeU�Kalf�a�cenWXU\��GesSiWe�WKe�e[isWence�Rf�neaUE\�SRSXlaWiRns��6RUR�eW�al.������.�/aine�
et al. (2011) monitored the effects of restoration on vegetation of oligotrophic pine fens in a more 
nRUWKeUn�aUea�in�.ainXX��easWeUn�)inlanG�fRU�WwR�\eaUs.�7Ke\�sKRweG�WKaW�WKe�veJeWaWiRn�Rf�GUaineG�
PiUes�KaG�nRW�cKanJeG�PXcK�fURP�SUisWine�cRnGiWiRns�GXUinJ����\eaUs�Rf�GUainaJe��Rnl\�WKe�W\Sical�
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KRllRw�sSecies�Sphagnum majus��5XssRw��&.(.2.-ensen��S. balticum and Scheuchzeria palustris 
weUe�PissinJ.�/aine�eW�al.���������KRweveU��alsR�fRXnG�WKaW�WKeUe�weUe�Rnl\�PinRU�GiffeUences�in�
WKe�ÀRUisWic�cRPSRsiWiRn�EefRUe�vs.�afWeU�UesWRUaWiRn�in�WKe�WwR�\eaU�PRniWRUinJ�SeUiRG��WKe�Rnl\�
sWaWisWicall\�siJnificanW�UesWRUaWiRn�UelaWeG�cKanJe�was�WKaW�WKe�cRveU�Rf�seGJes�incUeaseG�in�UesWRUeG�
and decreased in pristine fens.

4.2 Ant occurrence in mire-site types

.nRwleGJe�Rn�WKe�anW�faXna�Rf�PiUe�W\Ses�is�liPiWeG��2inRnen�������.URJeUXs������.�:e�sKRweG�
WKe�iPSRUWance�Rf�WUee�cRveU�Rn�WKe�RccXUUence�Rf�anW�sSecies�aPRnJ�PiUe�W\Ses��WKe�RccXUUence�
UaWes�Rf�PiUe�sSecies�WenGeG�WR�GecUease�wiWK�incUeasinJ�JURwinJ�sWRcN��wKeUeas�fRUesW�sSecies�
sKRweG�WKe�RSSRsiWe�SaWWeUn��7aEle���.

$�10'6�anal\sis�Rf�WKe�GaWa�Rf�.URJeUXs��������UevealeG�a�cleaU�JUaGienW�in�WKe�cRPSRsi�
tion of ant assemblages from open fens and rich fens through pine mires and pine bogs to spruce 
PiUes��3XnWWila�eW�al.������.�'lXssN\��������fRXnG�a�siPilaU�RSenness�JUaGienW�wiWKin�an�RliJR�
WURSKic�ERJ�in�WKe�1RvJRURG�GisWUicW��5Xssia.�7Ke�anW�assePElaJes�Rf�WKe�RSen�cenWUal�SaUWs�Rf�WKe�
ERJ�weUe�cKaUacWeUi]eG�E\�WUXe��³enGePic´��PiUe�sSecies��F. picea, F. uralensis and F. forsslundi 
/RKPanGeU��������anG�sRPe�³fRUesW�sSecies´��L. platythorax, M. rubra, M. scabrinodis and L. 
acervorum���wKeUeas�Sine�fRUesWs�Rf�WKe�PiUe�eGJes�weUe�RccXSieG�E\�fRUesW�sSecies��C. hercule-
anus, L. platythorax, M. rubra and F. polyctena�)|UsWeU�������.�7Kis�RSenness�JUaGienW�UesePEles�
RXU�10'6�RUGinaWiRn�UesXlWs��)iJ.���%���wKicK�sKRweG�WKaW�assePElaJes�aW�WKe�RSen�enG�Rf�WKe�
JUaGienW�weUe�cKaUacWeUi]eG�E\�WKe�PiUe�sSecies�F. picea, M. scabrinodis and F. uralensis. On the 
RWKeU�KanG��WKe�assePElaJes�in�sSaUsel\�fRUesWeG�aUeas�wiWK�lRw�WUees�weUe�GisWinJXisKeG�E\�sSecies�
WKaW�cRlRni]e�UecenWl\�GisWXUEeG�RU�naWXUall\�RSen�fRUesW�aUeas��e.J.�L. platythorax, L. acervorum, F. 
sanguinea, F. exsecta�.�)inall\��WKe�PRUe�Keavil\�fRUesWeG�aUeas�wiWK�Wall�WUees�weUe�cKaUacWeUi]eG�
E\�fRUesW�sSecies�WKaW�aUe�caSaEle�Rf�SeUsisWinJ�WKURXJK�WKe�wKRle�c\cle�Rf�fRUesW�sXccessiRn��i.e.�
C. herculeanus and M. ruginodis��1iePell�eW�al.������.

4.3 Drainage and ants

7Ke�sXccessiRn�Rf�WUee�sWanGs�Rn�GUaineG�PiUes�wiWK�incUeaseG�JURwinJ�sWRcN�Rf�laUJe�WUees�anG�
incUeaseG�GeciGXRXs�Pi[WXUe�Rf�EiUcK�wiWK�Sine�UesXlW�in�sKaGeG�cRnGiWiRns.�7Kis�cKanJe�GeciPaWeG�
cRlRnies�Rf�PiUe�anW�sSecies�UeTXiUinJ�sXn�e[SRsXUe��wKicK�SUevails�in�SUisWine�cRnGiWiRns�Rf�Sine�
PiUes�wKeUeas�sKaGe�WRleUanW�fRUesW�sSecies��sXcK�as�Camponotus herculeanus and Myrmica rugi-
nodis��EenefiWWeG�siPilaUl\�as�in�eaUlieUs�sWXGies�anG�WKXs��WKe�anW�assePElaJes�Rf�GUaineG�PiUes�
GiffeUeG�cleaUl\�fURP�WKRse�Rf�SUisWine�PiUes��.URJeUXs�������&RllinJwRRG�������������9eSslllinen�
eW�al.�������3XnWWila�anG�.ilSellinen������.�7Ke�PiUe�sSecialisW�Formica picea in particular suffered 
from drainage and this is also expected in the long term for F. uralensis��wKicK�seePs�WR�EenefiW�
fURP�WKe�eaUl\�sWaJes�Rf�GUainaJe��anG�M. scabrinodis��.URJeUXs�������9eSslllinen�eW�al.������.�
.URJeUXs��������fRXnG�WKaW�F. picea inhabited the moistest parts of pine mires but F. uralensis the 
GUiesW�siWes.�3XnWWila�anG�.ilSellinen��������fRXnG�WKaW�WKe�RccXUUence�UaWes�Rf�WKe�WKUee�PRXnG�
EXilGinJ�sSecies�UesWUicWeG�WR�PiUes�in�WKeiU�GaWa�aUe�KiJKesW�in�XnGUaineG�SUisWine�PiUes��lRweU�in�
WUansfRUPinJ�PiUes�anG�lRwesW�in�WUansfRUPeG�Rnes��F. uralensis), or the species are missing from 
transformed mires (F. fennica Seifert, 2000 and F. forsslundi���wKeUeas�WKe�PRsW�cRPPRn�sSecies�
Rf�fRUesWs�Rn�PineUal�sRils��WKe�wRRG�anW�F. aquilonia�<aUURw��������sKRweG�WKe�RSSRsiWe�SaWWeUn.�
6iPilaU�UesXlWs�Kave�Eeen�REWaineG�in�sRXWKeUn�6weGen�wKeUe�WKe�slRw�GU\inJ�RXW�Rf�ERJ�aUeas�
has decimated the prevalence of the mire species F. uralensis, F. forsslundi and F. picea�in�Rnl\�
Rne�GecaGe��&RllinJwRRG������.
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,n�RXU�GaWa��anW�sSecies�Rf�GUieU�RSen�KaEiWaWs��e.J.�RSen�eaUl\�sXccessiRnal�fRUesWs�afWeU�Gis�
WXUEances��anG�JeneUalisW�anW�sSecies�EenefiWWeG�fURP�WKe�eaUl\�SKases�Rf�PiUe�GUainaJe.�0RsW�Rf�
WKese�sSecies�GisaSSeaUeG�wiWK�WUee�canRS\�clRsXUe�alsR�GXUinJ�fRUesW�sXccessiRn�Rn�PineUal�sRils�
�3XnWWila�eW�al.��������EXW�in�WKe�eaUl\�sWaJes�Rf�GUainaJe�WKe\�seeP�WR�UeSlace�PiUe�sSecies.�)RU�
instance, M. ruginodis replaced M. scabrinodis��9eSslllinen�eW�al.�������alWKRXJK�M. scabrinodis 
aSSeaUeG�WR�Ee�PRUe�UesilienW�WKan�RWKeU�PiUe�sSecies��see�alsR�&RllinJwRRG��������anG�esSeciall\�
Lasius platythorax��&RllinJwRRG�������'lXssN\�������EXW�SRssiEl\�alsR�Formica fusca Linnaeus, 
1758 and F. lemani�%RnGURiW�������seePeG�WR�UeSlace�F. picea, and in the later successional stages, 
F. aquilonia�UeSlaceG�WeUUiWRUial�PRXnG�EXilGinJ�PiUe�sSecies��9eSslllinen�eW�al.�������3XnWWila�anG�
.ilSellinen������.�2Sen�WUeeless�PiUes�RU�sSaUsel\�fRUesWeG��GUaineG�RSen�PiUes�GR�nRW�necessaU�
il\�SURviGe�an\�KaEiWaW�fRU�wRRG�anW�sSecies�Rf�WKe�Formica rufa group (F. aquilonia, F. lugubris 
Zetterstedt, 1838, F. rufa Linnaeus, 1758, F. polyctena and F. pratensis�5eW]iXs��������EecaXse�
aUERUeal�aSKiG�cRlRnies�SURviGinJ�nRXUisKPenW�fRU�wRRG�anWs�aUe�scaUce��anG�WKe�fRUaJinJ�acWiviW\�
Rf�wRRG�anWs�Pa\�cease�fRU�lRnJ�SeUiRGs�Rf�WiPe�GXUinJ�KiJK�Ga\�WiPe�WePSeUaWXUes�in�RSen�PiUes�
anG��finall\��wRRG�anWs�cannRW�finG�sXiWaEle�EelRw�JURXnG�RveUwinWeUinJ�siWes�GeeS�enRXJK�EecaXse�
Rf�WKe�KiJK�waWeU�WaEle�level��9eSslllinen�eW�al.������.�,n�wRRGeG�anG�GUaineG�PiUes�WKe�siWXaWiRn�
is�GiffeUenW�wKicK�enaEles�cRlRni]aWiRn�Rf�wRRG�anWs��wKen�PiUe�GUainaJe�SURceeGs�� WeUUiWRUial�
wRRG�anW�sSecies�Rf�PineUal�sRils�alsR�sWaUW�WR�GRPinaWe�WUansfRUPeG�PiUes��3XnWWila�anG�.ilSellinen�
�����.�,n�RXU�GaWa��WKe�wRRG�anWs�F. lugubris and F. pratensis�weUe�PissinJ�fURP�SUisWine�PiUes��EXW�
WKese�sSecies�RccXUUeG�in�seven�������anG�WwR������saPSlinJ�lRcaWiRns�in�GUaineG��anG�in�WKUee�
�����anG�Rne������lRcaWiRns�in�UesWRUeG�PiUes��UesSecWivel\��$SSenGi[���.

4.4 Restoration and ants

:e�aUe�nRW�awaUe�Rf�an\�RWKeU�sWXG\�Rn�WKe�effecWs�Rf�PiUe�UesWRUaWiRn�Rn�anWs��EXW�wiWK�WKe�UesXlWs�
Rf� WKe�SUesenW� sWXG\�anG� WKe� UesXlWs�Rf� eaUlieU� sWXGies� cRnceUninJ�GUaineG�PiUes�� WRJeWKeU�wiWK�
infRUPaWiRn�aERXW�WKe�aXWecRlRJ\��cRPSeWiWive�caSaciW\�anG�GisSeUsal�Rf�GiffeUenW�anW�sSecies��we�
can�RXWline�sRPe�JeneUal�SUinciSles�WR�Ee�WaNen�inWR�accRXnW�wKen�SlanninJ�PiUe�UesWRUaWiRn.

7Ke�UeweWWinJ�Rf�PiUes�anG�UePRval�RU�sWURnJ�WKinninJ�Rf�WKe�JURwinJ�WUee�sWRcN�aUe�Ne\�
cRPSRnenWs�in�sXccessfXl�UesWRUaWiRn�Rf�PiUe�anWs.�$�KiJK�waWeU�WaEle�level�SUevenWs�WKe�RveUwin�
WeUinJ�Rf�WRS�cRPSeWiWRUs�Rf�WKe�WeUUiWRUial�Formica ants of heath forests in mire habitats and thus 
leaves�WKe�WeUUain�fUee�fRU�W\Sical�PiUe�anW�assePElaJes�WR�GevelRS�wiWK�WKeiU�Rwn�WRS�cRPSeWiWRUs�
of other territorial Formica ants, such as F. uralensis, F. exsecta and F. forsslundi (see Punttila 
anG�.ilSellinen������.

$nRWKeU�iPSRUWanW�issXe�in�PiUe�UesWRUaWiRn�fRU�anWs�is�WKe�WUeaWPenW�Rf�lRJJinJ�wasWe��i.e.�
WUee�sWePs��WRSs��EUancKes�anG�cXW�sWXPSs�afWeU�lRJJinJ�in�naWXUall\�WUeeless�RU�sSaUsel\�fRUesWeG�
PiUes��wKeWKeU�WKese�aUe�lefW�EeKinG�RU�KaUvesWeG��3XnWWila�eW�al.������.

'esSiWe�WKe�facW�WKaW�WKe�aPRXnW�Rf�GeaG�WUees�in�RXU�sWXG\�was�JeneUall\�lRw�in�all�WUeaWPenWs��
WKe�aPRXnW�Rf�sPall�lRJs�was�sRPewKaW�KiJKeU�in�GUaineG�anG�UesWRUeG�PiUes�WKan�in�SUisWine�Rnes��
thus providing more nesting sites for forest ants there. Most of the boreal forest ant species can 
nesW�in�RU�even�UeTXiUe�GeaG�wRRG�fRU�esWaElisKinJ�new�cRlRnies��anG�fRU�Pan\�sSecies�in�Pan\�
KaEiWaW�W\Ses�a�laUJe�sKaUe�Rf�anW�nesWs�aUe�lRcaWeG�in�GeaG�wRRG��e.J.�2inRnen�anG�:XRUenUinne�
������)UancK�anG�(sSaGaleU�������3XnWWila�anG�+aila�������:áRGaUc]\N�eW�al.�������3eUssRn�eW�
al.������.�7KXs��leavinJ�sWXPSs��felleG�WUees�RU�lRJJinJ�UesiGXes�in�UesWRUeG�PiUes�Pa\�enKance�
cRlRni]aWiRn� Rf� nRn�GesiUeG� fRUesW� sSecies� in� WKe� UesWRUeG�PiUe� KaEiWaWs.� 'eaG�wRRG� SURviGes�
elevaWeG�PicURKaEiWaWs�WKaW�Pa\�RffeU�WKe�Rnl\�sXn�e[SRseG�anG�waUP�aERve�JURXnG�nesWinJ�siWes�
fRU�fRUesW�anWs.�6XcK�cRnGiWiRns�aUe�fRXnG�in�KaEiWaWs�wKeUe�Gense��sKaGinJ�KeUE�la\eU�veJeWaWiRn�
SUevenWs�sXn�e[SRsXUe�Rf�WKe�JURXnG.�,n�fRUesWeG�KaEiWaWs��WKis�Pa\�KaSSen�sKRUWl\�afWeU�WKe�cUea�



22

Silva Fennica vol. 50 no. 2 article id 1462 · Punttila et al. · The effects of drainage and restoration of pine…

WiRn�Rf�WUee�canRS\�RSeninJs�E\�winG�WKURws��fiUe�RU�cXWWinJs��EXW�WKis�Pa\�alsR�WaNe�Slace�afWeU�
GisWXUEances�±�e.J.�GiWcKinJ�RU�UesWRUaWiRn�±�in�PiUes.

$lWKRXJK�WKe�UaSiGl\�UecRveUinJ�PRss�la\eU�Rf�WKe�UesWRUeG�PiUes�Pa\�RveUJURw�lRJJinJ�
UesiGXes�anG�cXW�sWXPSs�wiWKin�a�few�\eaUs�fRllRwinJ�UesWRUaWiRn��WKe\�neveUWKeless�SURviGe�lX[XUianW�
nesWinJ�sXEsWUaWes�fRU�a�laUJe�vaUieW\�Rf�fRUesW�anG�JeneUalisW�anW�sSecies.�7Kese�newcRPeUs�Pa\�laWeU�
SUevenW�RU�slRw�GRwn�WKe�cRlRn\�esWaElisKPenW�Rf�PiUe�sSecialisW�anW�sSecies�E\�SUeGaWiRn�SUessXUe�
Rn�WKe�GisSeUsinJ�PiUe�anW�TXeens�aWWePSWinJ�cRlRn\�fRXnGinJ��anG�WKURXJK�nesW�siWe�cRPSeWiWiRn�
anG�SUe�ePSWiRn�Rf�nesWinJ�siWes�±�sXcK�SUiRUiW\�effecWs�aUe�e[ePSlifieG��e.J.�in�WKe�cRlRni]aWiRn�
E\�anWs�Rf�sPall�lanG�XSlifW�islanGs�Rf�WKe�%alWic�6ea��see�9eSslllinen�anG�3isaUsNi������.�7Kese�
W\Ses�Rf�nesWinJ�sXEsWUaWes�aUe�PissinJ�alPRsW�enWiUel\�fURP�SUisWine�RSen�PiUes�anG�WKXs��WKeiU�
cUeaWiRn�sKRXlG�Ee�PiniPi]eG�in�WKe�UesWRUaWiRn�SURcess.�$nW�sSecies�Rf�RSen�sXccessiRnal�fRUesWs�
Pa\�alsR�Ee�caSaEle�Rf�UeSlacinJ�WKe�few�UePaininJ�EXW�weaNeneG�PiUe�anW�SRSXlaWiRns�Rf�UesWRUeG�
mires. These forest species are also able to inhabit logging residues in the middle of larger restored 
PiUes��as�WKe�GisSeUsinJ�fePales�Rf�sRPe�Rf�WKese�sSecies�aUe�UaWKeU�sWURnJ�ÀieUs��9eSslllinen�anG�
3isaUsNi�������&]ecKRwsNi�eW�al.������.�7Ke�cRlRni]aWiRn�Rf�Pan\�aJJUessive�anG�WeUUiWRUial�For-
mica�sSecies�is�GeSenGenW�Rn�WKe�RccXUUence�Rf�sSecies�in�wKRse�nesWs�WKe\�sWaUW�new�cRlRnies�E\�
WePSRUaU\�SaUasiWisP��*|sswalG�������������.XWWeU�������:ilsRn�������&RllinJwRRG�������6eifeUW�
������������&]ecKRwsNi�eW�al.������.�7Kese�sSecies�can�RfWen�XWili]e�ERWK�PiUe�sSecialisW�sSecies�
UePaininJ�in�WKe�aUea��anG�JeneUalisW�sSecies�Rf�PineUal�sRils��wKicK�Kave�cRlRni]eG�WKe�GUaineG�
PiUe.�7KXs��WKeiU�cRlRni]aWiRn�Pa\�Ee�enKanceG�in�aUeas�wKeUe�ERWK�PiUe�anG�fRUesW�sSecies�RccXU�
WRJeWKeU��&RllinJwRRG�������6eifeUW������.�$nRWKeU�RSWiRn�fRU�lRJJinJ�UesiGXe�KaUvesWinJ�is�WR�
JiUGle�WKe�WUees�anG�leW�WKeP�Gie�sWanGinJ��wKicK�UeGXces�WKe�aPRXnW�Rf�SRWenWial�GeaG�wRRG�nesWinJ�
siWes�fRU�fRUesW�anW�sSecies�E\�sSUeaGinJ�WKe�incUease�Rf�lRJs�Rn�WKe�JURXnG�RveU�a�lRnJeU�WiPe�sSan.

In restoration planning, the surrounding terrestrial environment should also be taken into 
accRXnW�WR�inKiEiW�SRssiEle�cRlRni]aWiRn�Rf�fRUesW�anWs�in�UesWRUeG�PiUes.�5esWRUaWiRn�effRUWs�can�
Ee�WiPeG�WR�\eaUs�wKen�WKeUe�aUe�nR�laUJeU�UeJeneUaWiRn�cXWWinJs�RU�\RXnJ�saSlinJ�sWanGs�in�clRse�
SUR[iPiW\�WR�WKe�UesWRUeG�aUeas.�)RU�insWance��in�sRXWKeUn�6weGen��WKe�eUaGicaWiRn�Rf�Formica picea 
fURP�slRwl\�GU\inJ�ERJs�was�acceleUaWeG�E\�cRlRni]aWiRn�SUessXUe�anG�sXEseTXenW�cRPSeWiWive�
e[clXsiRn�E\�Lasius platythorax��wKicK�iPPiJUaWeG�fURP�WKe�sXUURXnGinJ�fUesK�WKinninJ�cXWWinJs�
SeUfRUPeG�a�few�\eaUs�eaUlieU.�,n�WKe�cXW�aUea��WKe�fRUesW�ÀRRU�was�cRveUeG�E\�lRJJinJ�UesiGXes��
fallen�WUees�anG�sXn�e[SRseG�cXW�sWXPSs.�1eaUl\�all�WKe�cXW�sWXPSs�weUe�RccXSieG�E\�ÀRXUisKinJ�
L. platythorax�cRlRnies��anG�WKese�anWs�weUe�alsR�seen�in�laUJe�TXanWiWies�in�ERJ�WXssRcNs�in�WKe�
PiUes��&RllinJwRRG������.

2XU�NnRwleGJe�Rn�WKe�GisSeUsal�caSaciW\�anG�cRPSeWiWive�aEiliW\�Rf�PiUe�anWs�is�scanW\��EXW�
see�&RllinJwRRG�������9eSslllinen�eW�al.������.�7KXs��iW�is�GifficXlW�WR�SUeGicW�WKe�UecRlRni]aWiRn�
Rf�UesWRUeG�PiUes�E\�PiUe�anWs.�$SSaUenWl\�GisSeUsal�aPRnJ�GiffeUenW�KaEiWaW�SaWcKes�E\�winJeG�
fePales�is�UaWKeU�liPiWeG�aW�leasW�in�Pan\�SRl\J\nRXs�anW�sSecies�anG�SRSXlaWiRns��6XnGsWU|P�eW�
al.�������6eSSl��������EXW�JeneUall\�WKe�GisSeUsal�caSaciW\�seePs�WR�vaU\�wiGel\�fURP�veU\�sWURnJ�
dispersers (e.g. L. niger, C. herculeanus��WR�seePinJl\�SRRU�Rnes��see�9eSslllinen�anG�3isaUsNi�
�����.�7KeUe�is�eviGence�WKaW�WKe�GisSeUsal�Rf�WKe�PiUe�anW�Formica picea is�weaN��nRW�Rnl\�EeWween�
GiffeUenW�PiUes�EXW�alsR�wiWKin�PiUes��0aEelis�anG�&KaUGRn�������5ees�eW�al.������.�,n�RXU�GaWa��
WKis�sSecies�seePeG�WR�Ee�alPRsW�e[clXsivel\�cRnfineG�WR�SUisWine�PiUes.�7Ke�UecRlRni]aWiRn�Rf�F. 
picea�in�UesWRUeG�PiUes�SUREaEl\�GeSenGs�Keavil\�Rn�WKe�clRseness�Rf�KealWK\�SRSXlaWiRns.�7Kis�
Pa\�Ee�cUiWical�fRU�UesWRUaWiRn�EecaXse�sXccessfXl�cRlRni]aWiRn�Rf�WKe�UeweWWeG�PiUes�E\�F. picea is 
a�SUeUeTXisiWe�fRU�WKe�sXEseTXenW�cRlRni]aWiRn�Rf�WKe�RWKeU�WUXe�PiUe�sSecies��F. forsslundi and F. 
uralensis��wKicK�esWaElisK�WKeiU�new�cRlRnies�WKURXJK�WePSRUaU\�SaUasiWisP�in�WKe�nesWs�Rf�F. picea.
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4.5 Habitat disturbance and ant colonization

+aEiWaW�GisWXUEance�RfWen�RSens�XS�new�cRlRni]aWiRn�SRssiEiliWies�fRU�ERUeal�anWs�in�fRUesWeG�aUeas.�
'isWXUEances� cUeaWe� favRXUaEle� cliPaWic� cRnGiWiRns� fRU� sSecies� WKaW� UeTXiUe�waUP� anG�well�liW�
cRnGiWiRns�aW�leasW�GXUinJ�WKe�cRlRni]aWiRn�sWaJe.�/aUJe�GisWXUEances�in�PaWXUe�fRUesWs�alsR�RSen�
cRPSeWiWiRn�fUee� WeUUain� E\� RfWen� wiSinJ� RXW� WKe� WeUUiWRUial� wRRG�anW� cRlRnies�� wKeUeas� WKese�
cRlRnies�seeP�WR�WRleUaWe�sPalleU�GisWXUEances��3XnWWila�eW�al.�������3XnWWila�eW�al.�������3XnWWila�
������3XnWWila�eW�al.�������6RUvaUi�anG�+aNNaUainen�������������.ilSellinen�eW�al.�������3XnWWila�
anG�.ilSellinen�������6RUvaUi�eW�al.������.�,n�RXU�GaWa�! 60% of Camponotus herculeanus queens 
weUe�fRXnG�in�WKe�saPSles�Rf�UesWRUeG�PiUes.�5esWRUeG�PiUes��KRweveU��sKRXlG�Ee�infeUiRU�KaEiWaW�
fRU�WKis�wRRG�inKaEiWinJ�sSecies��EecaXse�PRsW�Rf�WKe�WUees�Kave�Eeen�UePRveG�fURP�WKeUe��anG�
WKe�cXW�sWXPSs�aUe�SUREaEl\�UaWKeU�TXicNl\�EXUieG�XnGeU�WKe�JURwinJ�PiUe�PRsses.�6XcK�cRlRni]a�
WiRn�aWWePSWs�Pa\��KRweveU��Ee�e[SlaineG�E\�SRssiEle�aWWUacWiveness�Rf�UecenWl\�GisWXUEeG�RSen�
aUeas�fRllRwinJ�UesWRUaWiRn�PeasXUes.�)l\inJ�Camponotus�TXeens�PiJKW�RUienWaWe�WRwaUGs�liJKW�
UeÀecWinJ� fURP�GisWXUEeG�KaEiWaW� SaWcKes� siPilaUl\� as�Pan\�RWKeU� anW� sSecies� GR� �%Uian�������
3RnWin�������%Uian�eW�al.�������:ilsRn�anG�+XnW�������)RwleU�������7scKinNel������.�,n�fRUesWeG�
aUeas��UecenWl\�GisWXUEeG�aUeas�GevRiG�Rf�WeUUiWRUial�wRRG�anWs��Formica rufa group) are presum�
aEl\�RSWiPal�KaEiWaWs�fRU�cRlRn\�fRXnGinJ��anG�KiJK�TXeen�nXPEeUs�Kave�inGeeG�Eeen�REseUveG�in�
fUesK�cleaU�cXWs�fRllRwinJ�cXWWinJ�anG�SUescUiEeG�EXUninJ��3XnWWila�eW�al.�������3XnWWila�anG�+aila�
�����.�$lsR�Lasius platythorax�SUREaEl\�EenefiWWeG�fURP�UecenW�GisWXUEances�in�UesWRUeG�PiUes�as�
sXJJesWeG�E\�RXU�GaWa.

'isWXUEeG�fRUesWeG�ERUeal�aUeas�aUe�TXicNl\�cRlRni]eG�E\�Pan\�anW�sSecies�UeTXiUinJ�RSen�
cRnGiWiRns�in�aW�leasW�WKe�cRlRn\�fRXnGinJ�sWaJe��anG�WKXs�WKe�KaEiWaW�EecRPes�cURwGeG�sXcK�WKaW�
WKe�Rnl\�RSWiRns�UePaininJ�fRU�cRlRn\�fRXnGinJ�aUe�nesW�SaUasiWisP�anG�±�fRU�TXeens� in�esWaE�
lisKeG�cRlRnies�±�cRlRn\�EXGGinJ��3XnWWila�eW�al.������.�6XcK�cURwGeG�cRnGiWiRns��KRweveU��seeP�
nRW�WR�Ee�UeacKeG�RfWen�in�RSen�SUisWine�PiUes�alWKRXJK�WKese�aUe�lRnJ�liveG�KaEiWaWs.�2XU�Rwn�
e[SeUience�is� WKaW�RSen�SUisWine�PiUes�aUe�RfWen�sSaUsel\�inKaEiWeG�E\�anW�cRlRnies.�7Ke�UeasRn�
wK\�aSSaUenWl\�sXiWaEle�nesWinJ�siWes�RfWen�UePain�XninKaEiWeG�is�nRW�NnRwn��EXW�SUesXPaEl\�an\�
laUJeU�anW�fUee�WeUUain�can�Ee�cUeaWeG�E\�e[WUePe�evenWs�sXcK�as�lRnJ�WeUP�ÀRRGinJ�WKaW�GURwns�
WKe�anW�cRlRnies��RU�seveUe�winWeUs�wiWK�WKin�snRw�cRveU�lRweUinJ�WKe�RveUwinWeUinJ�sXUvival�Rf�
cRlRnies��RU�wilGfiUes�in�e[ceSWiRnall\�GU\�\eaUs.�7Ke�cRPPRnness�Rf�sXcK�evenWs�PiJKW�XlWiPaWel\�
GeWeUPine�WKe�nesW�GensiW\�Rf�WKe�PiUe.�,f�WKis�weUe�WKe�case��SRl\J\n\�anG�sXEseTXenW�EXGGinJ��
leaGinJ�WR�PXlWinesW�cRlRnies��wRXlG�incUease�WKe�Uesilience�Rf�PiUe�anW�cRlRnies�in�WKe�lRnJ�UXn��
as� WKe� UisN�Rf�e[WiUSaWiRn�Rf�an�e[Wensive�nesW�neWwRUN�sKRXlG�Ee�sPalleU� WKan� WKaW�Rf�a� sinJle�
nest (Mabelis and Chardon 2005).

On the other hand, ant assemblages in drained mires in our data had become more 
cURwGeG� WKan� in� SUisWine� PiUes�� as� WKe\� KRXseG� SRSXlaWiRns� Rf� ERWK� fRUesW� anG�PiUe� sSecies.�
Thus, in both pristine and drained mires, nest budding (leading to multinest colonies) and 
nesW�SaUasiWisP�aUe�PRsW� liNel\�as� iPSRUWanW�PRGes�Rf�nesW�fRXnGinJ�as� in� sXccessiRnal�ERUeal�
fRUesWs.� ,n� RXU� GaWa�� WKe� KiJK� fUeTXenc\� Rf�Myrmica� TXeens� ±�M. scabrinodis in pristine and 
M. ruginodis� in� GUaineG�PiUes� ±� inGicaWeG� WKe� RccXUUence� Rf� SRl\J\nRXs� cRlRnies��wKeUe� WKe�
TXeens� aUe�PRvinJ�RU� WUansfeUUeG� aPRnJ� WKe�nesWs�Rf�PXlWinesW� cRlRnies� �3XnWWila� eW� al.� ������
6eSSl�eW� al.� �����.�2XU�GaWa�weUe��XnfRUWXnaWel\�� insXfficienW� fRU�PaNinJ�an\�REseUvaWiRns�Rn�
nesW�SaUasiWes�EecaXse�RXU�saPSlinJ�winGRw�was�RXWsiGe� WKe�GisSeUsal�SeUiRG�Rf�PRsW�sSecies��
wKicK� is� in� WKe� laWe�seasRn.
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4.6 Conclusions

*eneUall\��we�WesWeG�wKeWKeU�UesWRUinJ�siPSle�EXW�cUXcial�KaEiWaW�cKaUacWeUisWics��WKe�waWeU�WaEle�
level�E\�GiWcK�fillinJ�anG�WKe�naWXUall\�sSaUse�anG�lRw�Sine�sWanG�E\�WKinninJ�anG�cleaU�cXWWinJ��
wRXlG�leaG�WR�UecRlRni]aWiRn�anG�UecRveU\�Rf�WKe�cKaUacWeUisWic�veJeWaWiRn�anG�anW�assePElaJes�
Rf� SUisWine�PiUe� KaEiWaWs.� +eUe�we� cannRW� \eW� evalXaWe� lRnJ�WeUP� UesWRUaWiRn� sXccess�� EXW� RXU�
sKRUW�WeUP�UesXlWs�aUe�cRnsisWenW�wiWK�SUeGicWiRns�Rf�WKe�)ielG�Rf�'UeaPs�K\SRWKesis��3alPeU�eW�
al.� ������� wKicK� GRes� nRW� necessaUil\� aSSl\� WR�PRUe� Keavil\� GeJUaGeG�PiUe� ecRs\sWePs.�7Ke�
UecRveU\�Rf�RXU�sWXG\�PiUes�was�fasW�EecaXse� WKe�GUaineG�PiUes�sWill�KaG�an�acURWelP��WKe�sXU�
face� la\eU�Rf�PiUe� sRil�� anG�caWRWelP� �cRUe�Rf�SeaW��� anG�PiUe�RUJanisPs�cRXlG� UecRlRni]e� WKe�
UesWRUeG�PiUes�eiWKeU�fURP�lRcal�UefXJia�RU�fURP�SRSXlaWiRns�Rf�neaUE\�PiUes��see�WKe�GiscXssiRn�
in�.RPXlainen�eW�al.�������9asanGeU�eW�al.������.�7Ke�cRnnecWeGness�Rf�PiUe�KaEiWaWs��KRweveU��
Kas� Eeen� seveUel\� UeGXceG� esSeciall\� in� sRXWKeUn� )inlanG�� cRnseTXenWl\�� UecRlRni]aWiRn� Kas�
EecRPe�XnliNel\�fRU�Pan\�PiUe�sSecialisW�sSecies��wKicK�Kave�EecRPe�lRcall\�WKUeaWeneG��5assi�
eW�al.������.�6XcK�GePanGinJ�sSecies�in�ERUeal�aUeas�Pa\�inclXGe�WKe�wRUNeUless�sRcial�SaUasiWe�
Myrmica karavajevi� �$UnRlGi�� ������ anG� WKe� WePSRUaU\� SaUasiWe�M. vandeli� %RnGURiW�� ����.�
Both species require dense colonies of their host ant Myrmica scabrinodis�fRU�wKicK��esSeciall\�
wiWKin�WKe�ERUeal�PainlanG�aUeas�Rf�)inlanG��WKe�PRsW�iPSRUWanW�KaEiWaW�is�PiUes��9eSslllinen�eW�
al.�������3XnWWila�eW�al.������.�'eJUaGaWiRn�Rf�PiUe�KaEiWaWs�anG� WKeiU� fUaJPenWaWiRn�Pa\� leaG�
WR� WKe�GisaSSeaUance�Rf� WKese�KiJKl\�sSeciali]eG� UaUe� sRcial�SaUasiWes�anG�RWKeU�PiUe� sSecialisW�
sSecies�fURP�laUJe�aUeas.�,n�)inlanG��WKe�WKUeaW�is�PRsW�acXWe�in�WKe�sRXWK��wKeUe�alPRsW�����Rf�
PiUes�Kave�Eeen�GUaineG�anG� WKe�GisWances�EeWween� UesWRUeG�PiUes�anG�SUisWine�PiUes�KRXsinJ�
SRWenWial�sRXUce�SRSXlaWiRns�aUe�incUeasinJ�wiWK�GecUeasinJ�cRnnecWeGness��wKicK�weaNens�WKe�
UecRlRni]aWiRn� SURsSecWs� Rf� sSecialisW� sSecies� Rnce� WKe\� Kave� GisaSSeaUeG� �9eSslllinen� eW� al.�
������$Xvinen�eW�al.�������3XnWWila�eW�al.������.
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Appendix 1 
 
Mean percentage cover (x̄) and frequency (fr) of vascular plant and moss species in the sampling locations of pristine, drained and restored mires. Abbr. = 
abbreviations of the names used in the NMDS ordination plots. N = number of sampling locations (total N = 162). Differences in the covers among treatments 
were tested with Kruskal-Wallis rank sum test (H, df = 2; treatments not sharing the same letter differed significantly according to a posteriori test with critical  
α = 0.05; test statistics are given for species occurring in > 9% of the sampling locations). We adjusted the original p-values (p adj. in the Appendix) to control 
false discovery rate in multiple testing using the method in Benjamini and Yekutieli (2001). 
 
Species Abbr. Treatment  Total  Test statistics 

  
 Pristine          
(N = 54)  

Drained          
(N = 48)  

Restored         
(N = 60)       

  
x̄ 

 
fr 

 
x̄ 

 
fr 

 
x̄ 

 
fr 

 
x̄ fr 

 
H p adj. 

Andromeda polifolia L. Andpol 1.5 a 54 
 

0.8 b 36 
 

0.9 b 54 
 

1.1 144 
 

26.22 < 0.0001 
Aulacomnium palustre (Hedw.) Schwägr. Aulpal 0.3 a 14 

 
1.7 b 30 

 
1.2 b 32 

 
1.1 76 

 
19.19 0.0009 

Betula nana L. Betnan 1.3 
 

42 
 

1.8 
 

33 
 

2.5 
 

51 
 

1.9 126 
 

4.51 0.5101 
Betula pubescens Ehrh. Betpub 0.0 

 
0 

 
0.0 

 
4 

 
0.1 

 
7 

 
0.0 11 

   Calamagrostis arundinacea (L.) Roth Calaru 0.0 
 

0 
 

0.0 
 

0 
 

0.0 
 

1 
 

0.0 1 
   Calluna vulgaris (L.) Hull Calvul 4.4 a 26 

 
2.7 a 13 

 
2.2 a 17 

 
3.1 56 

 
8.12 0.0922 

Carex brunnescens (Pers.) Poir. Carbru 0.0 
 

0 
 

0.0 
 

1 
 

0.0 
 

0 
 

0.0 1 
   Carex canescens L. Carcan 0.0 

 
0 

 
0.0 

 
0 

 
0.2 

 
2 

 
0.1 2 

   Carex chordorrhiza L. f. Carcho 0.0 
 

1 
 

0.0 
 

0 
 

0.0 
 

0 
 

0.0 1 
   Carex echinata Murray Carech 0.0 

 
0 

 
0.0 

 
0 

 
0.0 

 
1 

 
0.0 1 

   Carex globularis L. Carglo 0.0 a 1 
 

0.7 a 12 
 

0.4 a 10 
 

0.4 23 
 

11.62 0.0219 
Carex lasiocarpa Ehrh. Carlas 0.1 

 
6 

 
0.0 

 
3 

 
0.0 

 
1 

 
0.1 10 

   Carex limosa L. Carlim 0.4 a 18 
 

0.0 b 0 
 

0.0 b 0 
 

0.1 18 
 

40.07 < 0.0001 
Carex paupercula Michx. Carmag 0.0 

 
0 

 
0.0 

 
0 

 
0.0 

 
2 

 
0.0 2 

   Carex pauciflora Lightf. Carpau 0.2 a 36 
 

0.0 b 3 
 

0.0 b 11 
 

0.1 50 
 

57.46 < 0.0001 
Carex rostrata Stokes Carros 0.1 a 17 

 
0.0 b 0 

 
0.0 b 1 

 
0.0 18 

 
34.19 < 0.0001 

Chamaedaphne calyculata (L.) Moench Chacal 0.7 
 

24 
 

0.6 
 

19 
 

0.7 
 

29 
 

0.7 72 
 

0.48 1.0000 
Cladopodiella fluitans (Nees) H.Buch Claflu 0.1 

 
3 

 
0.0 

 
0 

 
0.0 

 
0 

 
0.0 3 

   Dactylorhiza maculata (L.) Soó Dacmac 0.0 
 

1 
 

0.0 
 

0 
 

0.0 
 

0 
 

0.0 1 
   Dicranum undulatum Schrad. ex Brid. Dicber 0.0 a 4 

 
0.0 a 1 

 
0.1 a 13 

 
0.1 18 

 
11.55 0.0219 



 
 
Dicranella cerviculata (Hedw.) Schimp. Diccer 0.0 

 
0 

 
0.0 

 
0 

 
0.0 

 
1 

 
0.0 1 

   Dicranum fuscescens Sm. Dicfus 0.0 
 

0 
 

0.0 
 

2 
 

0.0 
 

2 
 

0.0 4 
   Dicranum majus Sm. Dicmaj 0.0 

 
1 

 
0.0 

 
8 

 
0.0 

 
2 

 
0.0 11 

   Dicranum polysetum Sw. ex anon. Dicpol 0.0 a 2 
 

0.8 b 26 
 

0.1 a 17 
 

0.3 45 
 

35.92 < 0.0001 
Dicranum scoparium Hedw. Dicsco 0.0 a 0 

 
0.3 a 10 

 
0.0 a 5 

 
0.1 15 

 
13.37 0.0098 

Drosera longifolia L. Drolon 0.0 
 

7 
 

0.0 
 

0 
 

0.0 
 

0 
 

0.0 7 
   Drosera rotundifolia L. Drorot 0.1 a 44 

 
0.0 b 4 

 
0.0 b 9 

 
0.0 57 

 
77.99 < 0.0001 

Dryopteris carthusiana (Vill.) H. P. Fuchs Drycar 0.0 
 

0 
 

0.1 
 

3 
 

0.0 
 

0 
 

0.0 3 
   Empetrum nigrum L. Empnig 3.6 

 
52 

 
4.7 

 
42 

 
4.1 

 
50 

 
4.1 144 

 
0.92 1.0000 

Epilobium angustifolium L. Epiang 0.0 
 

0 
 

0.0 
 

0 
 

0.0 
 

1 
 

0.0 1 
   Equisetum palustre L. Equpal 0.0 

 
0 

 
0.0 

 
0 

 
0.0 

 
1 

 
0.0 1 

   Equisetum sylvaticum L. Equsyl 0.0 
 

1 
 

0.0 
 

0 
 

0.0 
 

0 
 

0.0 1 
   Eriophorum vaginatum L. Erivag 8.7 a 52 

 
3.3 b 40 

 
16.6 a 56 

 
10.1 148 

 
39.86 < 0.0001 

Festuca pratensis Huds. Fespra 0.0 
 

0 
 

0.0 
 

1 
 

0.0 
 

0 
 

0.0 1 
   Hieracium Hieracium 0.0 

 
0 

 
0.0 

 
1 

 
0.0 

 
0 

 
0.0 1 

   Hylocomium splendens (Hedw.) Schimp. Hylspl 0.0 
 

0 
 

0.2 
 

6 
 

0.3 
 

1 
 

0.2 7 
   Juncus filiformis L. Junfil 0.0 

 
1 

 
0.0 

 
0 

 
0.0 

 
0 

 
0.0 1 

   Ledum palustre L. Ledpal 0.1 a 15 
 

0.5 ab 14 
 

1.3 b 28 
 

0.7 57 
 

9.12 0.0647 
Lepidozia reptans (L.) Dumort. Leprep 0.0 

 
0 

 
0.0 

 
0 

 
0.0 

 
1 

 
0.0 1 

   Lycopodium annotinum L. Lycann 0.0 
 

0 
 

0.0 
 

1 
 

0.0 
 

0 
 

0.0 1 
   Melampyrum pratense L. Melpra 0.0 

 
2 

 
0.0 

 
3 

 
0.0 

 
4 

 
0.0 9 

   Melampyrum sylvaticum L. Melsyl 0.0 
 

1 
 

0.0 
 

3 
 

0.0 
 

1 
 

0.0 5 
   Menyanthes trifoliata L. Mentri 0.1 

 
6 

 
0.0 

 
0 

 
0.0 

 
1 

 
0.0 7 

   Molinia caerulea (L.) Moench Molcae 0.0 
 

2 
 

0.0 
 

1 
 

1.6 
 

5 
 

0.6 8 
   Mylia anomala (Hook.) Gray Mylano 0.3 a 24 

 
0.1 a 11 

 
0.3 a 15 

 
0.2 50 

 
8.13 0.0922 

Orthilia secunda (L.) House Ortsec 0.0 
 

0 
 

0.0 
 

1 
 

0.0 
 

0 
 

0.0 1 
   Picea abies (L.) H. Karst. Picabi 0.0 

 
0 

 
0.0 

 
0 

 
0.1 

 
3 

 
0.0 3 

   Pinus sylvestris L. Pinsyl 0.2 
 

26 
 

0.0 
 

13 
 

0.1 
 

23 
 

0.1 62 
 

4.36 0.5333 
Plagiothecium Plagiot 0.0 

 
0 

 
0.0 

 
4 

 
0.0 

 
1 

 
0.0 5 

   Pleurozium schreberi (Willd. ex Brid.) 
Mitt. Plesch 1.3 a 20 

 
31.7 b 43 

 
14.4 c 47 

 
15.2 110 

 
61.24 < 0.0001 

Pohlia nutans (Hedw.) Lindb. Pohnut 0.0 a 0 
 

0.0 a 6 
 

0.0 a 9 
 

0.0 15 
 

8.49 0.0846 
Polytrichum commune Hedw. Polcom 0.0 a 0 

 
0.6 a 9 

 
1.6 a 12 

 
0.8 21 

 
11.96 0.0194 

Polytrichastrum longisetum (Sw. ex Brid.) Pollon 0.0 
 

0 
 

0.0 
 

1 
 

0.0 
 

1 
 

0.0 2 
   



 
 
G.L.Sm. 
Polytrichum strictum Menzies ex Brid. Polstr 1.1 a 29 

 
2.9 ab 31 

 
4.6 b 47 

 
2.9 107 

 
11.36 0.0230 

Ptilidium ciliare (L.) Hampe Pticil 0.0 
 

1 
 

0.0 
 

0 
 

0.0 
 

0 
 

0.0 1 
   Rhynchospora alba (L.) Vahl Rhyalb 0.2 

 
4 

 
0.0 

 
0 

 
0.0 

 
0 

 
0.1 4 

   Rubus chamaemorus L. Rubcha 2.5 ab 42 
 

4.0 a 39 
 

2.1 b 38 
 

2.8 119 
 

7.26 0.1334 
Salix myrsinifolia Salisb. Salmyr 0.0 

 
0 

 
0.0 

 
2 

 
0.0 

 
0 

 
0.0 2 

   Scheuchzeria palustris L. Schpal 0.0 
 

4 
 

0.0 
 

0 
 

0.0 
 

0 
 

0.0 4 
   Sorbus aucuparia L. Sorauc 0.0 

 
0 

 
0.0 

 
1 

 
0.0 

 
0 

 
0.0 1 

   Sphagnum angustifolium (C.E.O.Jensen ex 
Russow) C.E.O.Jensen Sphang 21.7 

 
41 

 
18.7 

 
42 

 
18.7 

 
52 

 
19.7 135 

 
0.31 1.0000 

Sphagnum balticum (Russow) 
C.E.O.Jensen Sphbal 8.7 a 24 

 
0.0 b 0 

 
1.1 ab 15 

 
3.3 39 

 
29.93 < 0.0001 

Sphagnum capillifolium (Ehrh.) Hedw. Sphcap 0.0 
 

0 
 

0.1 
 

1 
 

0.0 
 

1 
 

0.0 2 
   Sphagnum cuspidatum Ehrh. ex Hoffm. Sphcus 0.0 

 
1 

 
0.0 

 
0 

 
0.3 

 
3 

 
0.1 4 

   Sphagnum fallax (H.Klinggr.) H.Klinggr. Sphfal 12.9 a 20 
 

0.0 b 0 
 

4.6 a 21 
 

6.0 41 
 

22.80 < 0.0001 
Sphagnum fuscum (Schimp.) H.Klinggr. Sphfus 30.3 a 46 

 
7.7 b 20 

 
11.4 b 39 

 
16.6 105 

 
33.11 < 0.0001 

Sphagnum girgensohnii Russow Sphgir 0.0 
 

0 
 

0.1 
 

1 
 

0.0 
 

1 
 

0.0 2 
   Sphagnum magellanicum Brid. Sphmag 4.3 a 44 

 
2.9 ab 30 

 
2.1 b 42 

 
3.1 116 

 
7.45 0.1254 

Sphagnum majus (Russow) C.E.O.Jensen Sphmaj 2.9 
 

9 
 

0.0 
 

0 
 

0.2 
 

2 
 

1.0 11 
   Sphagnum papillosum Lindb. Sphpap 7.5 a 20 

 
0.0 b 0 

 
1.1 b 4 

 
2.9 24 

 
32.39 < 0.0001 

Sphagnum pulchrum (Lindb. ex Braithw.) 
Warnst. Sphpul 0.2 

 
2 

 
0.0 

 
0 

 
0.0 

 
0 

 
0.1 2 

   Sphagnum riparium Ångstr. Sphrip 0.0 
 

0 
 

0.0 
 

0 
 

0.0 
 

1 
 

0.0 1 
   Sphagnum rubellum Wilson Sphrub 0.6 a 17 

 
0.0 b 1 

 
0.0 ab 4 

 
0.2 22 

 
23.24 < 0.0001 

Sphagnum russowii Warnst. Sphrus 0.7 ab 21 
 

1.2 b 12 
 

6.4 a 29 
 

3.0 62 
 

8.44 0.0846 
Sphagnum squarrosum Crome Sphsqu 0.0 

 
0 

 
0.0 

 
0 

 
0.0 

 
3 

 
0.0 3 

   Sphagnum tenellum (Brid.) Pers. ex Brid. Sphten 0.1 
 

9 
 

0.0 
 

0 
 

0.0 
 

1 
 

0.0 10 
   Straminergon stramineum (Dicks. ex 

Brid.) Hedenäs Strastr 0.0 
 

0 
 

0.0 
 

0 
 

0.0 
 

5 
 

0.0 5 
   Trichophorum cespitosum (L.) Hartm. Trices 1.6 a 13 

 
0.0 a 2 

 
0.0 a 0 

 
0.6 15 

 
22.04 < 0.0001 

Trientalis europaea L. Trieur 0.0 
 

0 
 

0.0 
 

1 
 

0.0 
 

4 
 

0.0 5 
   Vaccinium microcarpum (Turcz. ex Rupr.) 

Schmalh. Vacmic 0.1 a 46 
 

0.1 b 23 
 

0.0 b 37 
 

0.1 106 
 

24.02 < 0.0001 
Vaccinium myrtillus L. Vacmyr 0.0 a 3 

 
2.7 b 19 

 
0.6 ab 10 

 
1.0 32 

 
20.41 < 0.0001 



 
 
Vaccinium oxycoccos L. Vacoxy 0.2 

 
51 

 
0.3 

 
37 

 
0.2 

 
53 

 
0.2 141 

 
0.67 1.0000 

Vaccinium uliginosum L. Vaculi 1.6 a 37 
 

3.2 ab 35 
 

5.0 b 48 
 

3.3 120 
 

9.26 0.0635 
Vaccinium vitis-idaea L. Vacvit 0.1 a 4 

 
5.7 b 26 

 
0.8 b 21 

 
2.0 51 

 
30.41 < 0.0001 
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Appendix 2 
 
Total abundance (ab) and occurrence rate (fr) of ant species collected in the pristine, drained and restored 
mires. N = number of sampling locations (total N = 162). 
 
Species Treatment  Total 

 Pristine   
(N = 54) 

 Drained   
(N = 48) 

 Restored 
(N = 60) 

   

 ab fr  ab fr  ab fr  ab fr 
Ant workers:            
 Camponotus herculeanus (Linnaeus, 1758) 6 3  125 32  42 18  173 53 
 Formica exsecta Nylander, 1846 187 3  3 1  306 1  496 5 
 Formica fennica Seifert, 2000 0 0  0 0  25 1  25 1 
 Formica fusca Linnaeus, 1758 1 1  3 3  12 5  16 9 
 Formica lemani Bondroit, 1917 1 1  4 3  0 0  5 4 
 Formica lugubris Zetterstedt, 1838 0 0  127 6  3 3  130 9 
 Formica picea Nylander, 1846 200 24  1 1  2 1  203 26 
 Formica pratensis Retzius, 1783 0 0  7 2  67 1  74 3 
 Formica sanguinea Latreille, 1798 795 12  74 6  341 14  1210 32 
 Formica uralensis Ruzsky, 1895 600 4  1500 9  374 5  2474 18 
 Harpagoxenus sublaevis (Nylander, 1849) 0 0  1 1  0 0  1 1 
 Lasius platythorax Seifert, 1991 645 19  772 24  1301 36  2718 79 
 Leptothorax acervorum (Fabricius, 1793) 28 16  15 7  36 12  79 35 
 Myrmica lobicornis Nylander, 1846 0 0  6 4  3 1  9 5 
 Myrmica rubra (Linnaeus, 1758) 10 5  69 6  18 6  97 17 
 Myrmica ruginodis Nylander, 1846 107 20  953 44  548 43  1608 107 
 Myrmica scabrinodis Nylander, 1846 723 40  195 25  343 40  1261 105 
            
Total abundance of workers 3303   3855   3421   10579  
Total number of species, workers 12   16   15   17  
            
Ant males (M) and queens (Q)            
 Camponotus herculeanus M 2 2  0 0  0 0  2 2 
 Camponotus herculeanus Q 10 6  1 1  19 12  30 19 
 Formica aquilonia Yarrow, 1955 Q 1 1  3 2  1 1  5 4 
 Formica lugubris Q 1 1  4 4  1 1  6 6 
 Formica pratensis Q 2 2  2 2  1 1  5 5 
 Formica rufa Linnaeus, 1758 Q 0 0  1 1  0 0  1 1 
 Formica uralensis Q 4 4  0 0  1 1  5 5 
 Lasius platythorax Q 0 0  1 1  0 0  1 1 
 Leptothorax acervorum Q 1 1  0 0  1 1  2 2 
 Myrmica lobicornis Q 0 0  1 1  1 1  2 2 
 Myrmica rubra Q 0 0  3 3  0 0  3 3 
 Myrmica ruginodis Q 2 2  26 20  23 17  51 39 
 Myrmica scabrinodis Q 35 22  7 5  15 11  57 38 
 Myrmica sulcinodis Nylander, 1846 Q 0 0  0 0  1 1  1 1 
            
Total abundance of queens 56   49   64   169  
Total number of species, queens 8   10   10   13  
            
Total abundance of males 2   0   0   2  
Total number of species, males 1   0   0   1  
            
Total abundance of all ant castes 3361   3904   3485   10750  
Total number of species, all castes 15   18   17   20  
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