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Abstract. The twinflower Linnaea borealis L. is a rare, boreal plant species that grows in coniferous forests and is partly protected
in Poland. We studied its distribution and the condition of twinflower patches in the Augustéw Forest (NE Poland) describing 22
twinflower patches in total. The following features were assessed: (1) patch area, (2) distance between individual twinflowers,
(3) patch density, (4) intensity of flowering, (5) fruiting, (6) main accompanying plant species, (7) plant community structure, (8)
species composition and age of the forest stands, (9) canopy cover of the forest stands, (10) existing and potential threats. In the
northern part of the forest where suitable pine sites dominated, twinflowers were distributed irregularly and unevenly. Twinflowers
in the Augustow Forest occur in relatively big areas with individual patches covering from 100 m?to 3000 m?, but most commonly
500-1000 m?. The mean distance to the nearest neighbouring twinflower was 1600 m (range from 250 m to 6035 m). This pattern of
distribution and separating distance does allow for sexual reproduction within the studied forest stand and blooming was confirmed
in 21 out of 22 patches. In four locations, intensive blooming with >50 flowers shoot/m?> was observed. We did not observe
a dependency of the flowering intensity on patch size.

Despite the intensive and frequent flowering, as well as the presence of fruits, which were found in 15 patches, the twinflower
reproduces mainly vegetatively. Twinflowers grew in 34—166 years-old pine-spruce stands with moderate canopy cover, but there
was no relationship between the age of forest stands and the size of a flower patch. Plant species, which commonly occurred
with twinflowers were: Vaccinium myrtillus, Calamagrostis arundinacea, Goodyera repens, Rubus saxatilis, Fragaria vesca,
Pleurosium schreberi. Twinflower communities are threatened by invasive species in the forest understory in two locations only,
while in the other locations no active protection is needed and the plants should rather be protected and monitored through multi-
functional forest management. We emphasise the importance of the Augustéw Forest for the twinflower in Poland, because about
10% of the Polish population grows in this forest complex.
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1. Wstep

Zimozidt péinocny Linnaea borealis L. jest przedstawi-
cielem rodziny przewiertniowatych Caprifoliaceae. Wyste-
puje w pomocnej Europie i w gorach Europy Srodkowej,
w potnocnej Azji oraz w czg¢éci Mongolii i Chin (Pigko$-Mir-
kowa, Mirek 2003; Witkowska-Zuk 2013). Zaliczany jest
do geograficznego elementu holarktycznego, podelementu
cyrkumborealnego. Przez obszar naszego kraju przebiega
potudniowa granica zasi¢gu gatunku. Zimoziét pétnocny naj-
liczniej wystepuje na potnocy kraju, chociaz jego rozproszone
stanowiska wykazywane s3 w wielu rejonach. Z Polski znanych

jest ponad 200 stanowisk (Zajac, Zajac 2001), ale na potudniu
Polski gatunek ten uznawany jest za wymarly lub krytycznie
zagrozony, natomiast w Polsce Srodkowej i na Pomorzu Za-
chodnim za narazony na wyginigcie (Jakubowska-Gabara,
Kurowski 2012). W wojewodztwie podlaskim uwzgledniony
zostat na czerwonej liscie jako gatunek narazony (VU) (So-
kotowski, Wolkowycki, w druku).

Linnaea borealis L. jest drobna, plozaca zimozielona
krzewinkg nalezaca do gatunkow modutowych o roztogowej
formie rozgal¢zienia, tworzaca zwykle duze, ale izolowa-
ne przestrzennie platy zajmujace powierzchnie od kilku do
kilkuset metrow kwadratowych (Kurowski 2004). Rozmna-
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za si¢ przede wszystkim wegetatywnie, znacznie rzadziej
generatywnie (Wroblewska 2013). Zimoziét poétnocny jest
gatunkiem poliploidalnym, samoniezgodnym, co zapobie-
ga samozaplodnieniu (Scobie, Wilcock 2009; Wréblewska
2013). Kwiaty sg zapylane przede wszystkim przez muchow-
ki Diptera i1 btonkoskrzydie Hymenoptera. Produkcja nasion
u zimoziotu jest niska (Scobie, Wilcock 2009). Gatunek cha-
rakteryzuje si¢ niska r6znorodnoscia genetyczna, zar6wno ze
wzgledu na rzadko$¢ rozmnazania plciowego, jak rowniez
post-glacjalny, szybko przebiegajacy proces kolonizacji du-
zych obszaréw Eurazji (Wroblewska 2013).

Roslina wymaga umiarkowanego dostepu $wiatla, w miej-
scach silnie zacienionych, ale takze zbyt silnie naswietlonych,
zanika. Populacje utrzymuja si¢ czgsto w miejscach dobrze
naswietlonych, na liniach oddzialowych lub watach wydmo-
wych (Puchatka et al. 2015). Zimoziét stosunkowo latwo
zyskuje 1 traci nowe stanowiska (Zargba 1986; Pigkos$-Mir-
kowa, Mirek 2003). Wystepuje w runie réoznych zbiorowisk
boréw szpilkowych (Witkowska-Zuk 2013). Jest rzadkim
gatunkiem le$nym, charakterystycznym dla klasy Vaccinio
-Piceeta, zespotu subkontynentalnego boru §wiezego Peu-
cedano-Pinetum, a takze boru bazynowego Empetro-nigri
Pinetum (Matuszkiewicz 2002; Matuszkiewicz et al. 2012).

Celem niniejszej pracy byta inwentaryzacja i okreslenie
kondycji oraz zagrozen stanowisk zimoziotu poétnocnego
w Puszczy Augustowskiej. Oceniano kondycj¢ poszczegodl-
nych ptatow rosliny (rozlegtos¢, zwarcie, intensywnos¢ kwit-
nienia i obecno$¢ owocdw), zespot roslinny, charakterystyke
drzewostanu, zagrozenia oraz odlegtosci pomigdzy stanowi-
skami. Ze wzgledu na potozenie geograficzne terenu badan
spodziewano si¢ duzej liczby platow gatunku oraz dobrej
kondycji znalezionych roslin. Oczekiwano, ze w rozlegtym
kompleksie lesnym lezacym w subborealnej strefie klima-
tycznej, w ktorej wyksztalcity si¢ zbiorowiska le$ne z wyso-
kim udziatem $wierka o borealnym charakterze (Sokotowski
2010), charakteryzujacy si¢ cyrkumborealnym pochodze-
niem zimoziét podtnocny powinien by¢ gatunkiem stosun-
kowo licznym, a jego stanowiska wykazywa¢ witalnosc.
Zaproponowano dziatania dla zachowania istniejacych sta-
nowisk zimoziotu.

2. Teren badan

Puszcza Augustowska (23°15°E, 53°54°N) zajmuje w gra-
nicach Polski obszar okoto 114 000 ha. Caty kompleks lesny
lezy na piaszczystej, ptaskiej rowninie sandrowej z okresu
zlodowacenia baltyckiego (Kondracki 1994). Pod wzgledem
regionizacji przyrodniczo-lesnej jest to Kraina Mazursko
-Podlaska, dzielnica Puszczy Augustowskiej (Zielony, Klicz-
kowska 2012). Wedtug kryteridow geobotanicznych Puszcza
Augustowska potozona jest w Dziale Péinocnym Mazursko
-Biatoruskim, Krainie Augustowsko-Suwalskiej (Matusz-
kiewicz 1993). Wsrdd typow siedliskowych lasu najwicksza
powierzchni¢ pokrywa bor $wiezy (40%), bor mieszany
swiezy (31%), a nastgpnie las mieszany swiezy (6%), ols
(5%) 1 bor mieszany wilgotny (4%). Dominujagcym gatun-

kiem w skladzie drzewostandw jest sosna zwyczajna Pinus
sylvestris, ktora zajmuje 78% powierzchni lesnej. Olsza czar-
na Alnus glutinosa porasta 9% powierzchni, §wierk pospolity
Picea abies zajmuje 8%, brzozy Betula sp. 5%, a dab szy-
putkowy Quercus robur 1%. Sredni wiek drzewostanéw na
obszarach w zarzadzie nadle$nictw wynosi 60—65 lat, w Wi-
gierskim Parku Narodowym — 79 lat. Odrebnos¢ klimatyczna
tego obszaru charakteryzuje si¢ silnym kontynentalizmem
oraz cechami wiasciwymi dla strefy subborealnej. Srednia
roczna temperatura powietrza wynosi 6,6°C, $rednia rocz-
na temperatura stycznia 4,7°C, a $rednia roczna temperatu-
ra lipca 17,5-18,0°C. Dlugos¢ okresu wegetacyjnego to ok.
190-195 dni, a pokrywa $niezna zalega przez ok. 90—100 dni
(Sokotowski 2010). W poéinocno-zachodniej czesci puszczy
lezy Wigierski Park Narodowy, pozostata cz¢$¢ zarzadzana
jest przez nadlesnictwa: Augustow, Gleboki Brod, Plaska,
Pomorze, Suwatki oraz Szczebra. Na terenach w zarzadzie
Laséw Panstwowych znajduje si¢ 14 rezerwatow przyrody,
w tym 13 chronigcych fragmenty zespotow lesnych. Laczna
powierzchnia rezerwatow wynosi 4083,62 ha.

3. Material i metody

W pracy opisano i poréwnano 22 stanowiska zimoziotu
potnocnego stwierdzone w trakcie prowadzenia inwentaryza-
cji przyrodniczych w Puszczy Augustowskiej w latach 2005—
2015, realizowanych na obszarze catego kompleksu. Oceniano
nastepujace parametry: (1) powierzchnia ptatu zimoziotu (m?);
(2) odlegto$¢ pomiedzy najblizszymi sasiednimi platami
(m), w celu okreslenia wzorca rozmieszczenia przestrzenne-
g0; (3) zwarcie ptatu - stopien pokrycia/zwarcia wedtug skali
Braun-Blanqueta (silne >75%; umiarkowane 50-75%; stabe
25-50%); (4) kwitnienie (silne >50 pedow kwiatowych/m?;
umiarkowane 10-50 pedow kwiatowych/m?; stabe <10 pedéw
kwiatowych/m?; brak) i owocowanie (obecne/brak); (5) gtdéwne
gatunki roslin zielnych w obrebie ptatu; (6) zespot roslinny na
podstawie oceny sktadu gatunkowego i1 pokrycia roslinnosci;
(7) sktad gatunkowy drzewostanu i udzial podszytu (oceniane
w terenie); (8) wiek drzewostanu (odczytany z Lesnej Mapy
Numerycznej); (9) zwarcie drzewostanu oceniane w terenie
zgodnie z Instrukcja Urzadzania Lasu (2012); (10) istniejace
i potencjalne zagrozenia, do ktoérych zaliczono: zacienienie
przez runo, podszyt, lub warstwe koron drzew oraz cigcia
rebne. Pomiary i oceny wykonano w sezonach wegetacyjnych
w 2014 1 2015 r. Uzyto klasyfikacji zbiorowisk lesnych Ma-
tuszkiewicza et al. (2012). Wartosci wspotczynnika korelacji
Pearsona oraz testu #-Studenta obliczono w srodowisku R.

4. Wyniki

W latach 2005-2015 na terenie Puszczy Augustowskiej
znaleziono 22 stanowiska zimoziolu potnocnego. Potwier-
dzono wystgpowanie gatunku na obszarze Wigierskiego
Parku Narodowego (WPN) oraz nadlesnictw: Glgboki Brod
(GB), Ptaska (L) i Pomorze (O) (tab. 1, ryc. 1). Osiem sta-
nowisk gatunku znajdowalo si¢ na obszarze Wigierskiego
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Tabela 1. Charakterystyka ptatéw zimoziolu pélnocnego w Puszczy Augustowskiej

Table 1. The characteristic of twinflower patches in the Augustow Forest

79

Lokalizacja Powierzchnia  Zwarcie platu Kwitnienie / Owocowanie / Zagrozenia / Threats
(pooddzial lesny) area (m?) Patch density Flowering Fruiting 1 zacienienie przez runo /
locality (forest 1 silne / strong, 1 silne / strong, 1 obecne / shading by soil cover,
subcompartment), 2 umiarkowane 2 umiarkowane present, 2 zacienienie przez podszyt /
numer 0znacza / moderate, / moderate, 2 brak / lack shading by shrub layer,
lokalizacje¢ na ryc. 1 3 stabe / loose 3 slabe / loose, 3 zacienienie przez drzewa /
number means location on 4 brak / lack shading by trees,
the fig. 1 4 ciecia rebne / clear cutting
0. 242bWPN (1) 100 1 3 2
0.253d WPN (2) 100 3 3 2 1
0.277b WPN (3) 1500 2 3 1 1
0.310a WPN (4) 700 1 3 1 1
0.311d WPN (5) 400 1 3 2 1,3
0.295¢ WPN (6) 700 2 3 1 1
0. 330b WPN (7) 500 1 2 1
0.359a WPN (8) 300 1 2 1
0.253aGB (9) 150 2 3 2 1
0.281d GB (10) 900 1 2 1
0.263d GB (11) 300 2 3 2
0.306c GB (12) 1000 1 1 1 4
0.395fGB (13) 500 1 1 1
0.431c GB (14) 3000 2 3 1 4
0. 695k PO (15) 100 3 4 2
0.790c PO (16) 950 1 1 2
0.923g PO (17) 2000 2 3 1
0.922h PO (18) 500 3 3 1
0. 9671 PO (19) 600 2 3 1 1,4
0. 56d,f PL (20) 2500 2 3 1
0.5%a PL (21) 500 2 1 1
0. 124i PL (22) 2000 2 2 1 1

Objasnienia: PO — Nadle$nictwo Pomorze, GB — Nadle$nictwo Gleboki Brod, PL — Nadlesnictwo Plaska, WPN — Wigierski Park Narodowy
Explanations: PO — Pomorze Forest District, GB — Gleboki Brod Forest District, P — Ptaska Forest District, WPN — Wigry National Park

Parku Narodowego, jedno w rezerwacie ,tempis”, a pozo-
state 13 w lasach uzytkowanych gospodarczo. Poszczegolne
platy rosliny zajmowaty powierzchni¢ od 100 do ok. 3000
m?, $rednio 877 m?% Najliczniejsze byly stanowiska o wiel-
kosci od 500 do 1000 m?, stwierdzone w 50% znalezionych
lokalizacji, a nastgpnie mniejsze niz 500 m?, stanowiace 32%
stanowisk (ryc. 2). Tylko jeden ptat przekraczat powierzchnie
2500 m?, zajmujac 3000 m?.

Rozmieszczenie zimoziotu na terenie badan bylo nierow-
nomierne. Roslina wystepowata w pdinocnej i srodkowej
czesci kompleksu lesnego, a nie stwierdzono jej w ogodle
w czesciach zachodniej i poludniowej. Znaleziono zar6wno
po kilka blisko potozonych stanowisk, jak rowniez pojedyn-
cze, izolowane platy rosliny (ryc. 1). Lokalne skupienia po
2-5 platow stwierdzono we wschodniej czesci Wigierskiego
Parku Narodowego, w Nadlesnictwie Gleboki Brod oraz we

wschodniej czesci Nadlesnictwa Pomorze. Poszczegolne sta-
nowiska byly od siebie odlegte 0 215-6035 m, $rednio 1550
m. Przeprowadzone analizy nie wykazaty korelacji (=-0,07)
miegdzy wielkos$cia plata a odlegloscia od najblizszego ptata.
Parametr ten nie byt istotny statystycznie (+=-0,311, p=0,759,
df=20). Prawie wszystkie (77%; N=17) ptaty znajdowaly si¢
w lukach lub rozluznieniach w drzewostanie, w miejscach
naswietlonych, jednak zazwyczaj otoczonych zwartym, ocie-
niajacym drzewostanem. Obecno$¢ kwiatow stwierdzono
w 21 z 22 znalezionych stanowisk. W Puszczy Augustow-
skiej, w rezerwacie ,.L.empis”, tylko na jednym stanowisku
w najmniejszym placie rosliny o powierzchni 100 m? i sta-
bym zwarciu, nie obserwowano kwitnienia. Na wszystkich
pozostatych podczas kontroli stwierdzono obecnos¢ kwia-
tow, w tym na 4 kwitnienie bardzo obfite (ryc. 3). W najwigk-
szej liczbie platow (59%, N=13) zageszczenie kwiatow nie
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Rycina 2. Rozklad wielko$ci platéw zimoziolu pélnocnego
w Puszcezy Augustowskiej
Figure 2. The distribution of the twinflower patch size in the Au-
gustow Forest.

przekraczato 10 pedow/m? (tab. 1, ryc. 4). Nie stwierdzono
takze zwigzku pomiedzy intensywnoscig kwitnienia a wiel-
koscig platu zimoziotu (= -0,017). Uzyskany wynik nie
byt istotny statystycznie (==-0,07, p=0,93, df=20). Wartos¢

wspoélczynnika Pearsona wykazata stabg ujemng zalezno$é
pomiedzy intensywnoscig kwitnienia a wiekiem drzewostanu
(=-0,39), wynik testu t Studenta na poziomie tendencji staty-
stycznej (+=-1,8955, p=0,073, df=20). Wskazuje to na wyzszg
liczbe pedow kwiatowych w drzewostanach mtodszych. Nie-
mal we wszystkich stanowiskach (81%; N=17) obserwowano
kwitnienie dwukrotne w sezonie: pierwsze, intensywniejsze,
miato miejsce w pierwszej potowie czerwca, drugie, z poje-
dynczymi kwiatami, w sierpniu. Powszechno$¢ kwitnienia
nie przektadata si¢ na efektywno$¢ rozmnazania generatyw-
nego. Obecnos¢ owocow, zaledwie po kilka w placie, stwier-
dzono na 15 stanowiskach (71% kwitnacych; tab.1, ryc. 5).
Na wszystkich zinwentaryzowanych stanowiskach na obrze-
zach widoczne byty liczne pojedyncze pedy poza gtéwnym
obszarem wystepowania rosliny, $wiadczace o zachodzacych
procesach rozmnazania wegetatywnego.

Zimoziét potnocny w Puszezy Augustowskiej wystepowat
w drzewostanach sosnowo-$wierkowych w wieku od 34 do
166 lat (tab. 2). Gatunek nie wykazywat wyraznych preferen-
cji wzgledem wieku drzewostanow, przy czym nie wystepo-
watl w drzewostanach ponizej 30 lat. Najwigksze stanowisko
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Rycina 3. Kwitnacy zimoziél w oddziale 395 f Nadlesnictwa Gle-
boki Brod. Fot. Grzegorz Zawadzki

Figure 3. Flowering twinflower in the compartment 395 f Gleboki
Brod Forest District. Fot. Grzegorz Zawadzki
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Intensywnos¢ kwitniena
Intensity of flowering

Rycina 4. Rozklad intensywnoS$ci kwitnienia zimoziotu péinoc-
nego w Puszczy Augustowskiej

Figure 4. The distribution of the intensity of flowering of twinflower
in the Augustéw Forest.

Rycina 5. Owoce zimoziolu pétnocnego. Fot. Grzegorz Zawadzki
Figure 5. Fruits of the twinflower. Fot. Grzegorz Zawadzki

(3000 m?) znajdowato si¢ w jednym z najstarszych drze-
wostanow, nie stwierdzono jednak zalezno$ci pomig¢dzy po-
wierzchnig zajmowana przez rosling, a wiekiem drzewostanu
(=-0,02). Wynik ten nie byt istotny statystycznie (t=-0,060,
df=20, p=0,952). Zwarcie koron w drzewostanach wokot
stanowisk zimoziotu wahato si¢ od petnego (18%; N=4) do
luznego (9%; N=2) i przerywanego (5%; N=1). Wokot naj-
wigkszej liczby stanowisk zwarcie bylo umiarkowane (68%;
N=15; tab. 2).

Zimozidt pélnocny wystepowal w puszczy w dwoch
zespotach roslinnych. Dziewi¢é stanowisk znajdowato si¢
w zespole Peucedano-Pinetum (kontynentalny bor sosnowy
swiezy), 13 w zespole Serratulo-Pinetum (subborealny bor
mieszany) (tab. 2). W stanowiskach zimoziotu lub w ich
bezposrednim otoczeniu w Puszczy Augustowskiej jako
gatunki towarzyszace najczesciej rosty: boréwka czernica
Vaccinum myrtillus, bordwka brusznica Vaccinium vitis-i-
daea, szczawik zajeczy Oxalis acetosella, sibdmaczek lesSny
Trientalis europaea, konwalia majowa Convallaria majalis,
trzcinnik lesny Calamagrostis arundinacea, malina kamion-
ka Rubus saxatilis, kosmatka owlosiona Luzula pilosa, oraz
mchy: piorosz pierzasty Ptilium crista-castriensis, rokietnik
pospolity Pleurozium schreberi, widtozab miotlasty Dicra-
num scoparium oraz gajnik 1$niacy Hylocomium splendens.
Tylko na trzech stanowiskach stwierdzono wrzos Calluna
vulgaris, a na dwoch pszeniec zwyczajny Melampyrum pra-
tense. Platom zimoziotu czgsto towarzyszyly inne rosliny
podlegajace ochronie gatunkowej. Na jedenastu stanowi-
skach z zimoziolem nielicznie wspolwystepowala tajeza
jednostronna Goodyera repens, na pojedynczych: pomocnik
baldaszkowy Chimaphila umbellata, arnika gorska Arnica
montana oraz widtak jatowcowaty Lycopodium annotinum.
Nie stwierdzono obecnosci gatunkéw obcych.

Obecno$¢ zagrozen stwierdzono na 13 stanowiskach
(tab. 1), przy czym w wigkszos$ci przypadkéw nie byly to
silnie zagrozenia. Powaznie narazone s3 dwa stanowiska:
znajdujace si¢ w oddz. 263d GB (nr 11) na skutek ekspansji
trzcinnika le$nego oraz w rezerwacie ,Lempis” (nr 15),
na skutek silnego ocienienia przez $wierki. Jedno stano-
wisko jest potencjalnie zagrozone w efekcie zadarniania
runa w nastepstwie silnego przeswietlenia po wykonaniu
w sasiedztwie zrebu. Za niekorzystng dla zimoziolu uzna-
no obecnos¢ na kilku ptatach ekspansywnych, zacieniaja-
cych gatunkow roslin: trzcinnika lesnego, orlicy pospolitej
Pteridium aquilinum, maliny Rubus idaeus oraz podszytu
kruszyny pospolitej Frangula alnus 1 leszczyny pospolitej
Corylus avellana, przy czym silnie zagrozone z tego powo-
du byto tylko jedno stanowisko. Nie stwierdzono zagroze-
nia z powodu ekspansji gatunkoéw inwazyjnych, natomiast
potencjalne zagrozenie stanowi takze uzytkowanie re¢bne
drzewostanu (tab. 1).

5. Dyskusja

Zimozidt potnocny w Polsce wystgpuje przewaznie na
niewielkich powierzchniach o silnej izolacji przestrzennej
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Tabela 2. Charakterystyka Srodowiska platow zimoziotu péinocnego w Puszczy Augustowskiej
Table 2. The characteristic of twinflower habitat in the Augustow Forest

Sklad gatunkowy Zwarcie koron Sklad gatunkowy,
drzewostanu / Species  / Density of tree udziat podszytu Zesnél
composition of stands layer (%) / Species com- . . , .p
Lo . . Gatunki runa w obre¢bie platu ro$linny
Lokalizacja so0 — sosna / pine, 1 pelne / complete,  position of shrub . . .
. . . . . Species of soil cover within patch Plant
Locality $w — §wierk / spruce, 2 umiarkowane / layer, covering (%) .
. community
wiek drzewostanu moderate,
(lata) / 3 luzne / loose
stand age (years),
Vaccinum myrtillus, Trientalis eu-
. . . Peucedano
0.242b WPN (1) 9 50 15w (68) 2 ropaea, Luzula pilosa, Pleurosium .
. -Pinetum
schreberi
Picea abies, 10% Calamagrostis arundinacea, Conval-
laria majalis, Peucedanum oreoseli-
0253d WPN (2) 8 50, 2 §w (63) 2 num, Trientalis eumpae.a,. Vaccinum Se}."ratulo
myrtillus, Rubus saxatilis, Sorbus -pinetum
aucuparium, Oxalis acetosella, Pleu-
rosium schreberi
Calamagrostis arundinacea, Rubus
2 idaeus, Fragaria vesca, Convallaria
majalis, Peucedanum oreoselinum,
Trientalis europaea, Vaccinum myrtil-
lus, Sorbus aucuparium, Oxalis ace-  Serratulo
0.277b WPN (3) 10 so (56) . Lo . .
tosella, Veronica officinalis, Urtica -pinetum
dioica, Mycelis muralis, Moehringia
trinervia, Dryopteris filix-mas, Pleu-
rosium schreberi, Ptilium crista-ca-
strensis, Climacium dendroides
Calamagrostis arundinacea, Vac-
2 cinium myrtillus, Rubus saxatilis,
. . . Serratulo
0.310a WPN (4) 10so (81) Fragaria vesca, Convallaria majalis, .
. C . -pinetum
Pleurosium schreberi, Climacium
dendroides
Calamagrostis arundinacea, Oxalis
550 5éw (166) 1 acetosella, Dryopteris filix-mas, Serratulo
rratu
0.311d WPN (5) Vaccinium myrtillus, Rubus saxatilis, .
. . -pinetum
Fragaria vesca, Pleurosium schre-
beri, Climacium dendroides
Vaccinium myrtillus, Calamagrostis
2 arundinacea, Rubus idaeus, Trien-
0.295¢ WPN (6) 450 65w (166) talis eu;.fopaea, Gq)dyem repei?s, Se}."ratulo
Lycopodium annotinum, Pleurosium  -pinetum
schreberi, Climacium dendroides,
Ptilium crista-castrensis
Vaccinium myrtillus, Calamagros-
0330b WPN (7) 10so (39) 2 tis arundf‘nacea, Rubu.s sax.a.tilis, Sei.’ratulo
Pleurosium schreberi, Ptilium -pinetum
crista-castrensis
Vaccinium myrtillus, Calamagrostis
0. 359 WPN (8) 8s0 28w (61) 2 arundz.'nacea, Rubus idaeus, Myceli.s Se;.’ratulo
muralis, Goodyera repens, Pleurosi-  -pinetum

um schreberi
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Lokalizacja
Locality

Sklad gatunkowy
drzewostanu / Species
composition of stands

so0 — sosna / pine,

$w — §wierk / spruce,
wiek drzewostanu

(lata) /
stand age (years),

Zwarcie koron
/ Density of tree

layer

1 pelne / complete,
2 umiarkowane /

moderate,
3 luzne / loose

Sklad gatunkowy,
udziat podszytu
(%) / Species com-
position of shrub
layer, covering (%)

Gatunki runa w obrebie platu
Species of soil cover within patch

Zespol
ro$linny
Plant
community

0.253aGB (9)

10s0 (104)

Vaccinium myrtillus, Calamagrostis

arundinacea, Trientalis europaeus,

Lusula pilosa, Ptilium crista -cast-
rensis, Pleurosium schreberi

Serratulo
-pinetum

0.281d GB (10)

10so0 (37)

Vaccinium myrtillus, Calamagrostis
arundinacea, Trientalis europaeus,
Goodyera repens, Goodyera repens

Serratulo
-pinetum

0.263d GB (11)

8s0 28w (121)

Picea abies, 10%

Vaccinium myrtillus, Vaccinium vitis
-idaea, Calamagrostis arundinacea,
Mpycelis muralis, Viola silvestris,
Pteridium aquilinum, Ptilium crista-
castrensis, Pleurosium schreberi,
Climacium dendroides

Serratulo
-pinetum

0.306c GB (12)

10s0 (126)

Vaccinium myrtillus, Vaccinium
vitis-idaea, Calluna vulgaris,
Melampyrum pretense, Calamagros-
tis arundinacea, Fragaria vesca,
Viola silvestris, Goodyera repens,
Ptilium crista-castrensis, Pleurosium
schreberi

Peucedano
-pinetum

0395fGB (13)

9 s0 1sw (37)

Vaccinium myrtillus, Vaccinium
vitis-idaea, Calamagrostis arun-
dinacea, Calluna vulgaris, Oxalis
acetosella, Ptilium crista-castren-
sis, Pleurosium schreberi, Clima-

cium dendroides

Peucedano
-pinetum

0.431c GB (14)

9so 15w (121)

Picea abies, 20%

Vaccinium myrtillus, Vaccinium
vitis-idaea, Oxalis acetosella, Goody-
era repens, Ptilium crista-castrensis,

Pleurosium schreberi, Hylocomium
splendens

Peucedano
-pinetum

0. 695k PO (15)

6 §w 4 50 (79)

Picea abies, 30%

Vaccinium myrtillus, Calamagros-
tis arundinacea, Oxalis acetosella,
Goodyera repens, Ptilium crista-cas-
trensis, Pleurosium schreberi, Cli-
macium dendroides

Peucedano
-pinetum

0.790¢c PO (16)

10 so (59)

Vaccinium myrtillus, Vaccinium
vitis-idaea, Calluna vulgaris, Ca-
lamagrostis arundinacea, Oxalis

acetosella, Veronica officinalis,

Melampyrum pratense, Lusula pilo-
sa, Convallaria majalis, Chimaphila
umbellata, Goodyera repens, Ptilium
crista-castrensis, Pleurosium schre-
beri, Climacium dendroides

Peucedano
-pinetum
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Lokalizacja
Locality

Sklad gatunkowy
drzewostanu / Species
composition of stands
so0 — sosna / pine,
$w — §wierk / spruce,
wiek drzewostanu

(lata) /

stand age (years),

Zwarcie koron
/ Density of tree

1 pelne / complete,
2 umiarkowane /

3 luzne / loose

Sklad gatunkowy,
udziat podszytu
(%) / Species com-
position of shrub
layer, covering (%)

Gatunki runa w obrebie platu
Species of soil cover within patch

Zespol
ro$linny
Plant
community

0.923g PO (17)

750 3 $w (89)

Picea abies, Fran-
gula alnus, Corylus
avellana, 30%

Vaccinium myrtillus, Vaccinium
vitis-idaea, Rubus idaeus, Calama-
grostis arundinacea, Lusula pilosa,

Goodyera repens, Ptilium cris-
ta-castrensis, Pleurosium schreberi,
Climacium dendroides, Hylocomium

splendens,

Serratu-
lo-pinetum

0.922h PO (18)

6s0 4w (109)

Frangula alnus,
Corylus avellana,
40%

Vaccinium myrtillus, Rubus idaeus,
Rubus plicatus, Fragaria vesca, My-
celis muralis, Lusula pilosa, Goody-

era repens, Dryopteris filix-mas,
Ptilium crista-castrensis, Pleurosium
schreberi, Climacium dendroides,
Hylocomium splendens

Serratu-
lo-pinetum

0. 9671 PO (19)

10 so (129)

Juniperus commu-
nis, Picea abies,
20%

Vaccinium myrtillus, Vaccinium
vitis-idaea, Fragaria vesca, Arnica
montana, Lusula pilosa, Calamagro-
stis arundinacea, Covalaria majalis,
Pteridium aquilinum, Ptilium crista-
castrensis, Pleurosium schreberi,
Climacium dendroides, Hylocomium
splendens

Peucedano
-pinetum

0. 56d,f PL (20)

10 so (42)

Vaccinium myrtillus, Vaccinium vi-
tis-idaea, Goodyera repens, Lusula
pilosa, Calamagrostis arundinacea,
Ptilium crista-castrensis, Pleurosium
schreberi, Hylocomium splendens

Peucedano
-pinetum

0.59aPL (21)

10 so (34)

Vaccinium myrtillus, Vaccinium vi-
tis-idaea, Lusula pilosa, Calamagros-
tis arundinacea, Ptilium crista-cast-
rensis, Pleurosium schreberi,

Peucedano
-pinetum

0.124i PL (22)

9501w (61)

Picea abies, Juni-
perus communis,
30%

Vaccinium myrtillus, Vaccinium
vitis-idaea, Trientalis europaea, Go-
odyera repens, Lusula pilosa, Cala-

magrostis arundinacea, Pteridium
aquilinum, Ptilium crista-castrensis,
Pleurosium schreberi, Hylocomium
splendens

Serratu-
lo-pinetum

i genetycznej (Pigkos-Mirkowa, Mirek 2003). Ze wzgledu
na potozenie geograficzne, kontynentalny klimat oraz bo-
realny charakter zbiorowisk le$nych Puszcza Augustowska,
zgodnie z oczekiwaniami autoréw, okazala si¢ obszarem
licznego wystgpowania tej borealnej krzewinki. Oprocz zi-
moziotu, obecne sg tutaj inne borealne gatunki flory, m.in.

tajeza jednostronna, wielosit biekitny Polemonium coeru-
leum, czy wierzba laponska Salix lapponum (Sokolowski
2010), a takze fauny: zajac bielak Lepus timidus (Zbyryt et
al. 2013), oraz gluszec Tetrao urogallus, jarzabek Tetrastes
bonasia, orzechowka Nucifraga caryocatactes czy drozdzik
Turdus iliacus (Zawadzka et al. 2011). Sokotowski (2010)
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podawat informacje o 7 stanowiskach zimoziotu péinocne-
go w Puszczy Augustowskiej, jednak nie wymienit zadnych
lokalizacji. Prawdopodobnie obserwowatl inne okazy, niz
opisane w niniejszej pracy. Jedno stanowisko stwierdzone
byto kilka lat temu w Nadles$nictwie Szczebra, na potudniu
puszczy (M. Orzechowski, inf. ustna). Mozna oczekiwac, ze
faktyczna liczba stanowisk zimoziotu péinocnego w Pusz-
czy Augustowskiej jest wyzsza od wykazanej w niniejszej
pracy. Wskazuje na to nierdwnomierne rozlokowanie zna-
nych stanowisk w skali kompleksu lesnego oraz ich roz-
mieszczenie skupiskowe. Na uzyskane dane o lokalizacji
zimoziolu poinocnego w Puszczy Augustowskiej mogly
mie¢ wpltyw nieco silniejszy stopien penetracji poinocne;j
czesci Puszezy oraz wystepowanie mniejszych powierzchni
odpowiednich dla tego gatunku siedlisk borowych w cz¢sci
potudniowej, gdzie duze obszary pokrywaja lasy lisciaste,
olsy i bory bagienne, a takze panuje nieco fagodniejszy kli-
mat. Gatunek ten jest trudno wykrywalny ze wzgledu na
niewielkie rozmiary i ptozaca forme wzrostu, ponadto stabo
rozpoznawany przez pracownikow Stuzby Les$nej. Biorac
pod uwage publikowane dane krajowe, w Puszczy Augu-
stowskiej zimozidt wystepuje na najwigkszej liczbie stano-
wisk. Znajduje si¢ tu blisko 10% krajowej populacji tego
gatunku, znanej z ponad 200 stanowisk (Zajac, Zajac 2001;
Pigkos-Mirkowa, Mirek 2003).

Obserwowane populacje zimoziolu w Puszczy Augu-
stowskiej wykazywaly dobra kondycj¢ oraz zywotnosc.
Wigkszo$¢ z nich zajmowala duze powierzchnie, o silnym
lub umiarkowanym zwarciu. Dominowaty okazy o rozle-
gltosci 500-1000 m?, podczas gdy w Polsce wielkos¢ ptatow
zajmowanych przez ten gatunek najczg$ciej nie przekra-
cza 100 m? (Wojcik 2010; Jakubowska-Gabara, Kurowski
2012; Wroblewska 2013). Pojedyncze wigksze stanowiska,
zajmujace od 100 do 3000 m?, znane sg z Borow Tuchol-
skich (Grzywacz, Pietrzak 2012), Laséw Napiwodzko-Ra-
muckich (Sroda, Dgbrowski 1999) oraz z Mierzei Wislanej
(Endler et al. 2008), a takze z Polski Srodkowej (Jakubow-
ska-Gabara, Kurowski 2012). W Puszczy Augustowskiej
niemal we wszystkich stanowiskach licznie pojawiaty si¢
pedy kwiatowe, a w wigkszosci takze nieliczne, pojedyncze
owoce, co w warunkach tej czegsci Europy jest rzadkoscia
(Ciosek et al. 2015). Z kraju brak publikowanych danych
o odlegtosciach pomigdzy sgsiednimi stanowiskami w ob-
rgbie kompleksu lesnego. W Abernethy Forest w Szkocji
poszczegolne platy gatunku byly odlegle od siebie 0 0,25-3
km, w Balmoral Estate odlegtosci wynosity od 30 m do 1
km (Scobie, Wilcock 2009). Za zblizone do pierwszej lo-
kalizacji mozna uzna¢ odleglosci stwierdzone w Puszczy
Augustowskiej. Takie potozenie stanowisk wzgledem siebie
umozliwia zapylanie roslin przez owady i rozmnazanie ge-
neratywne, sprzyjajace zachowaniu wysokiej réznorodno-
$ci genetycznej gatunku. Wskazane bytoby zweryfikowanie
wystepowania rozmnazania generatywnego w badaniach
genetycznych.

W Polsce jako gtdowne zagrozenia zimoziotu péinocnego
podawane sg zmiany siedliskowe (wzrost zyznosci siedlisk

lesnych i zmiana sktadu szaty roslinnej) oraz sukcesja (Ja-
kubowska-Gabara, Kurowski 2012; Wolanska-Kaminska
et al. 2014; Ciosek et al. 2015). Jednym z najwazniejszych
czynnikow jest dostepnos¢ swiatta. Wedtug Zargby (1986)
zimozidt jest rosling silnie $wiatlozadng. Wigkszos¢ bada-
czy uwaza, ze korzystne dla tego gatunku jest umiarkowa-
ne nastonecznienie, jednak zbyt silne, pelne naswietlenie,
jak rowniez silne zacienienie, wptywa na niego negatywnie
(Lorens 1993; Wolanska-Kaminska et al. 2014; Ciosek et al.
2015). Na zacienionych stanowiskach zimoziot pozytywnie
reaguje na wzrost dostgpnosci $wiatta w niewielkiej skali
(Niva et al. 2006). Potencjalne zagrozenie stanowi uzytko-
wanie lasu, prowadzace do zniszczenia siedliska na skutek
zwigkszenia nastonecznienia oraz mozliwos¢ uszkodzenia
mechanicznego podczas $cinki i zrywki drzew (Pigko$-Mir-
kowa, Mirek 2003; Puchatka et al. 2015). W srodkowej Pol-
sce stanowiska zimoziotu zanikaty na skutek zmian sktadu
florystycznego oraz struktury fitocenoz, zachodzacych
w wyniku procesow regeneracji znieksztatconych wezesniej
zbiorowisk, a takze ekspansji gatunkow inwazyjnych (Wo-
lanska-Kaminska et al. 2014). Obserwowano ustepowanie
gatunku na skutek zbyt matego dostepu $swiatta w efekcie
rozwoju bujnej roslinnosci podszytu (szczegdlnie kruszyny
i leszczyny) oraz runa (Kurowski 2004; Jakubowska-Gaba-
ra, Kurowski 2012). Jako roslina wymagajaca umiarkowa-
nego ocienienia po rozluznieniu zwarcia drzewostanu moze
by¢ ona wypierana przez jezyn¢ Rubus sp., trzcinnik leSny
i inne ekspansywne gatunki runa. W Puszczy Augustow-
skiej stanowiska zimoziolu zagrozone byly w nieznacznym
stopniu. Do czynnikéw niekorzystnych nalezalo w poje-
dynczych przypadkach zbyt silne zacienienie i ekspansja
trzcinnika lesnego lub krzewow oraz silne przeswietlenie
na skutek wykonania w sasiedztwie zrgbu. Potencjalne za-
grozenie stanowi pozyskanie drewna na stanowiskach poto-
zonych w lasach gospodarczych, dotyczace ponad polowy
znalezionych stanowisk.

Zimozidt pélnocny wymieniany jest w regionalnych
czerwonych listach roslin gingcych i zagrozonych w woj.
kujawsko-pomorskim, lubelskim, t6dzkim, matopolskim,
opolskim, podlaskim, pomorskim, $lagskim, wielkopolskim
(Jakubowska-Gabara, Kurowski 2012; Wolanska-Kaminska
et al. 2014; Puchalka et al. 2015; Sokotowski, Wotkowyc-
ki w druku). Nieliczne miejsca wystgpowania zimozio-
hu chronione sa parkach narodowych oraz w rezerwatach.
W $rodkowej Polsce utworzono kilka rezerwatow specjal-
nie dla ochrony tego gatunku. Siedem stanowisk zimoziotu
potnocnego objeto ochrong w formie powierzchniowych
pomnikow przyrody (Grzywacz, Pietrzak 2012). W ramach
ochrony czynnej podejmowano dziatania majace na celu ob-
nizenie zwarcia drzewostanu dla zwiekszenia naswietlenia
na naturalnych stanowiskach gatunku, a takze metaplanta-
cje¢ rosliny w rezerwatach ,,Jawora” oraz “Jaksonek” (Ku-
rowski 2004, 2015; Witostawski 2004; Wolanska-Kaminska
et al. 2014). W Puszczy Augustowskiej nie zachodzi po-
trzeba tworzenia rezerwatow dla ochrony gatunku, ale stan
populacji, zwlaszcza w lasach gospodarczych powinien by¢
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monitorowany. Ochrona stanowisk powinna by¢ uwzgled-
niana przy planowanych i realizowanych dziataniach go-
spodarczych (Wojcik 2010). Zimozidét potnocny figuruje
na Polskiej czerwonej liScie paprotnikow i roslin kwiato-
wych z kategorig VU — narazony (Kazmierczakowa 2016).
Do 2014 r. podlegat w Polsce $cistej ochronie gatunkowej,
jednak od pazdziernika 2014 r. jest objety tylko ochrong
czgsciowa (Rozporzadzenie 2014). Autorzy niniejszej pracy
oraz inni badacze gatunku (np. Ciosek et al. 2015) uwazaja,
ze powinien podlegaé ochronie $ciste;j.

6. Whnioski

1. W Puszczy Augustowskiej wystepuje najliczniejsza
w Polsce, witalna populacja zimoziotu péinocnego, obejmu-
jaca co najmniej ok. 10% znanych w kraju stanowisk. Wigk-
szo$¢ ptatow nie wymaga podejmowania specjalnych dziatan
ochronnych, a jedynie dlugookresowego monitoringu.

2. Cenne byloby przeprowadzenie badan genetycznych zi-
moziotlu péinocnego w Puszczy Augustowskiej w celu oceny
stopnia réznorodno$ci genetycznej populacji oraz skali roz-
mnazania generatywnego.

3. Na terenie w zarzadzie Laséw Panstwowych stanowi-
ska zimoziolu powinny podlega¢ ochronie przed przypadko-
wym zniszczeniem w trakcie prac gospodarczych, poprzez
uwzglednienie ich lokalizacji w programach ochrony przyro-
dy w planach urzadzania lasu. W niektorych nadlesnictwach
postulat ten jest realizowany.

4. W przypadku stwierdzenia silnego ocienienia stanowisk
nalezy je ostroznie przeswietla¢ poprzez umiarkowane, stop-
niowe przerzedzanie zacieniajacej roslinnosci dolnych warstw
lub drzewostanu. Nie nalezy takze dopuszcza¢ do zbyt silnego
dostepu $wiatla wskutek rozluznienia zwarcia drzewostanu.
Wskazane byloby wykonanie inwentaryzacji wystepowania
zimoziotu w catej Puszczy Augustowskiej przez pracowni-
kow Stuzby Lesnej, po przeprowadzeniu szkolenia z rozpo-
znawania tego gatunku, w celu uzupetnienia wiedzy o jego
wystgpowaniu.
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Abstract. The twinflower Linnaea borealis L. is a rare, boreal plant species that grows in coniferous forests and is partly protected
in Poland. We studied its distribution and the condition in the Augustow Forest (NE Poland) describing 22 twinflower patches
in total. The following features were assessed: (1) patch area, (2) distance between individual twinflowers, (3) patch density, (4)
intensity of flowering, (5) fruiting, (6) main accompanying plant species, (7) plant community structure, (8) species composition
and age of the forest stands, (9) canopy cover of the forest stands, (10) existing and potential threats. In the northern part of the
forest where suitable pine sites dominated, twinflowers were distributed irregularly and unevenly. Twinflowers in the Augustow
Forest occur in relatively big areas with individual patches covering from 100 m? to 3000 m?, but most commonly 500—1000 m?.
The mean distance to the nearest neighbouring twinflower was 1600 m (range from 250 m to 6035 m). This pattern of distribution
and separating distance does allow for sexual reproduction within the studied forest stand and blooming was confirmed in 21 out
of 22 patches. In four locations, intensive blooming with >50 flowers shoot/m? was observed. We did not observe a dependency
of the flowering intensity on patch size.

Despite the intensive and frequent flowering, as well as the presence of fruits, which were found in 15 patches, the twinflo-
wer reproduces mainly vegetatively. Twinflowers grew in 34—166 years-old pine-spruce stands with moderate canopy cover,
but there was no relationship between the age of forest stands and the size of a flower patch. Plant species, which commonly
occurred with twinflowers were: Vaccinium myrtillus, Calamagrostis arundinacea, Goodyera repens, Rubus saxatilis, Fraga-
ria vesca, Pleurosium schreberi. Twinflower communities are threatened by invasive species in the forest understory in two
locations only, while in the other locations no active protection is needed and the plants should rather be protected and moni-
tored through multifunctional forest management. We emphasise the importance of the Augustéw Forest for the twinflower in
Poland, because about 10% of the Polish population grows in this forest complex.

Keywords: abundance, Augustow Forest, condition, Linnaea borealis, protection

1. Introduction

The twinflower Linnaea borealis L. is classified in the
honeysuckle family Caprifoliaceae. It occurs in northern
Europe, in the mountains of Central Europe as well as in
northern Asia and parts of Mongolia and China (Pigko$-Mir-
kowa, Mirek 2003, Witkowska-Zuk 2013). The species is
placed in the Holarctic element of the Circum-Boreal sub
-element. The southern limit of the species range runs thro-

ugh Poland. The twinflower is most abundant in the north
of the country; however, scattered locations of this species
have been found in other Poland’s regions. More than 200
locations are known from Poland (Zajac, Zajac 2001). In the
southern regions, L. borealis is considered extinct or critical-
ly endangered, whereas in Central Poland and in the north
of the country (Western Pomerania), it is threatened with
extinction (Jakubowska-Gabara, Kurowski 2012). The Red
List of Threatened Species in Poland classifies L. borealis

Submitted: 1.08.2016, reviewed: 12.09.2016, accepted after revision: 17.10.2016

© 2017 D. Zawadzka et al.



78 D. Zawadzka et al. / Le$ne Prace Badawcze, 2017, Vol. 78 (1): 77-87

occurring in the eastern part of Poland (Podlasie) as vulne-
rable (VU) (Sokotowski, Wotkowycki, in print).

L. borealis is a small, evergreen shrub categorised as
modular, stoloniferous species. It forms large but spatially
isolated patches that occupy the areas of several to several
hundred square metres (Kurowski 2004). This species pro-
pagates primarily by vegetative reproduction, and its sexual
reproduction is rarely observed (Wroblewska 2013). The
twinflower is a polyploid plant — self-incompatible, which
prevents self-fertilisation (Scobie, Wilcock 2009, Wroblew-
ska 2013). The flowers are pollinated mostly by Diptera and
Hymenoptera insects. Seed production in twinflower is low
(Scobie, Wilcock 2009). The species is characterised by low
genetic diversity, because of the rarity of sexual reproduc-
tion as well as post-glacial, fast-paced colonisation of large
areas of Eurasia (Wroblewska 2013).

This plant requires moderate light exposure. It declines
in heavily shaded areas as well as in those areas that are too
strongly exposed to the sunlight. Twinflower populations
often endure in well-exposed areas, on division lines or dune
embankments (Puchatka et al. 2015). The twinflower takes
over or recedes new locations relatively easily (Zargba 1986,
Pigkos-Mirkowa, Mirek 2003). It occurs in the groundcover
in various coniferous forest communities (Witkowska-Zuk
2013). It is a rare forest species, characteristic for the class
Vaccinio-Piceeta, the sub-continental pine forests Peuceda-
no-Pinetum association as well as the dry coastal pine forest
Empetro-nigri Pinetum (Matuszkiewicz 2002, Matuszkie-
wicz et al. 2012).

The aim of the present study was the inventory of L. bo-
realis in the Augustow Forest along with the determination
of the condition and threats to locations of this species. The
condition of twinflower individual patches (width, density,
flowering intensity and fruit presence), plant associations,
stand characteristics, threats and distance between patch lo-
cations were evaluated. Considering the geographic position
of the study area, high numbers of twinflower patches with
plants in good health condition were expected. It was an-
ticipated that in the vast forest complex, spread in the sub
-boreal climate zone, comprising forest communities with
high proportion of boreal spruce (Sokotowski 2010), the
twinflower with the circum-boreal origin would occur rela-
tively abundantly on vital locations. Actions were proposed
to preserve existing twinflower locations.

2. Study area

In Poland, the Augustow Forest (23°15'E, 53°54'N)
spreads on the area of about 114,000 ha. The whole forest
complex lies on a sandy, flat sandstone plain — formed in
the last glacial period (Weichselian glaciation) (Kondracki

1994). In terms of natural-forest regionalisation, it is the
Mazursko-Podlaska Region, the District Augustow Pri-
meval Forest (Zielony, Kliczkowska 2012). According to
the geobotanical criteria, the Augustow Forest is located
in the Masurian-Belarusian Northern Division, the Augus-
towsko-Suwalski Region (Matuszkiewicz 1993). Amongst
the types of forest habitats, the largest area is covered by
fresh coniferous forest (40%), fresh mixed coniferous forest
(31%), then by fresh mixed forest (6%), alder forest (5%)
and wet mixed coniferous forest (4%). The Scots pine Pinus
sylvestris, which occupies 78% of the forest area, is the
dominant species in stands. The black alder Alnus glutino-
sa constitutes 9%; Norway spruce Picea abies, 8%; Betula
spp., 5%; and pendulate oak Quercus robur, 1%. The av-
erage age of managed tree stands in the forest districts is
60—65 years and within the Wigry National Park is 79 years.
The distinctive climatic conditions of this area are charac-
teristic of strong continental influence and show features
specific to the sub-boreal zone. The average annual air tem-
perature is 6.6°C, the average annual temperature in January
is 4.7°C and the annual average temperature in July is from
17.5 to 18.0°C. The length of the growing season is 190-195
days, and the snow cover lasts for 90—100 days (Sokotowski
2010). In the north-western part of the forest, there is des-
ignated the Wigry National Park. The remaining forest part
is managed by the State Forests (forest districts: Augustow,
Gleboki Brod, Ptaska, Pomorze, Suwatki and Szczebra).
There are 14 nature reserves within the area managed by the
State Forests, and 13 of these protect parts of valuable forest
associations. The total area of the reserves is 4,083.62 ha.

3. Material and Methods

This paper presents the description and comparison of 22
twinflower locations — evaluated during the nature inventory
in the Augustow Forest, carried out in the years 2005-2015,
all through the whole forest complex. The following para-
meters were evaluated: (1) twinflower patch area (m?), (2)
the distance (m) between adjacent patches in order to deter-
mine patch spatial pattern, (3) patch density according to the
Braun-Blanquet abundance scale (strong > 75%, moderate
50-75%, weak 25-50%), (4) flowering (strong > 50 flower
shoots/m?, moderate 10-50 flower shoots/m?, weak > 10 flo-
wer shoots/m?, not any) and fruiting (presence/absence), (5)
main herbaceous species within the patches, (6) plant asso-
ciation — based on the assessment of species composition
and vegetation coverage, (7) stand species composition and
undergrowth share (assessed under field conditions), (8)
tree age (based on the Forest Digital Map), (9) the canopy
density in accordance with the Forest Management Manu-
al (Instrukcja Urzadzania Lasu 2012) and (10) existing and
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Table 1. The characteristic of twinflower patches in the Augustow Forest

Locality (forest Area (m?) Patch density Flowering Fruiting Threats
subcompartment), 1 strong, 1 strong, 1 present, 1 shading by soil cover,
number means location on 2 moderate, 2 moderate, 2 lack 2 shading by shrub layer,
the fig. 1 3 loose 3 loose, 3 shading by trees,
4 lack 4 clear cutting
0. 242bWPN (1) 100 1 3
0.253d WPN (2) 100 3 3 1
0.277b WPN (3) 1500 2 3 1 1
0.310a WPN (4) 700 1 3 1 1
0.311d WPN (5) 400 1 3 2 1,3
0.295¢ WPN (6) 700 2 3 1 1
0.330b WPN (7) 500 1 2 1
0. 359a WPN (8) 300 1 2 1
0.253aGB (9) 150 2 3 2 1
0.281d GB (10) 900 1 2 1
0.263d GB (11) 300 2 3 2
0.306¢ GB (12) 1000 1 1 1 4
0.395fGB (13) 500 1 1 1
0.431¢c GB (14) 3000 2 3 1 4
0. 695k PO (15) 100 3 4 2
0.790c PO (16) 950 1 1 2
0.923g PO (17) 2000 2 3 1
0.922h PO (18) 500 3 3 1
0. 9671 PO (19) 600 2 3 1 1,4
0. 56d,f PL (20) 2500 2 3 1
0.59aPL (21) 500 2 1 1
0. 124i PL (22) 2000 2 2 1 1

Explanations: PO — Pomorze Forest District, GB — Gl¢boki Brod Forest District, PL — Ptaska Forest District, WPN — Wigry National Park

potential threats, including groundcover shading, canopy
shading and tree felling operations. Measurements and as-
sessments were conducted in the growing seasons 2014 and
2015. The classification of forest habitats by Matuszkiewicz
et al. (2012) was used. The values of Pearson’s correlation
coefficients and Student’s t-test were calculated within the
R environment.

4. Results

In the years 2005-2015, 22 twinflower locations were
found in the Augustéw Forest. The species was identified
in the area of the Wigry National Park as well as in the for-
est districts: Gleboki Brod (GB), Ptaska (Pt) and Pomorze
(Po) (Fig. 1, Table 1). Eight locations were observed with-

in borders of the Wigry National Park, one in the ‘Lempis’
reserve and 13 within the area of forests managed by the
State Forests. The area of twinflower patches ranged from
100 to 3,000 m?, on an average 877 m? The majority of
locations (50%) were covered by twinflower patches of size
500-1,000 m?, whereas those with the area smaller than 500
m? constituted 32% of the total patch area (Fig. 2). The only
patch exceeded 2,500 m? (it was 3,000 m?).

In the study area, irregular twinflower distribution was
observed. Plants of this species were found in the northern
and central parts of the forest complex, whereas not found
at all in its western and southern parts. In general, several
closely spaced patches as well as those single and isolated
were observed (Fig. 1). Local aggregations of 2—5 patch-
es were recorded in the eastern part of the Wigry National
Park, in the Gieboki Brod Forest District and in the eastern
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Figure 2. The distribution of the twinflower patch size in the Au-
gustow Forest.

part of the Pomorze Forest District. The distance between
individual patch positions was from 215 to 6,035 m (on an
average 1,550 m). No correlation was shown (» =—0.07) be-
tween the patch size and the distance between adjacent ones.
This parameter was not statistically significant (¢t = —0.311,
p =0.759, df = 20). Nearly all (77%; N = 17) patches were
found in forest gaps or stand with the sparse canopy layer,
in exposed areas, but usually surrounded by compact, shad-
ed stands. The presence of flowers was observed in 21 out
of 22 twinflower locations. In the Augustow Forest, in the
‘Lempis’ reserve, the twinflower in one patch only (with the
relatively smallest area 100 m?) showed no flowering. In all
the remaining twinflower patches examined, flowers were
observed, and in four of these, flowering was assessed as
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Figure 3. Flowering twinflower in the compartment 395 f Gleboki
Brod Forest District. Fot. Grzegorz Zawadzki
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Figure 4. The distribution of the intensity of flowering of twin-
flower in the Augustow Forest.

Figure 5. Fruits of the twinflower. Fot. Grzegorz Zawadzki

abundant (Fig. 3). In the utmost number of patches (59%,
N = 13), the density of flowers did not exceed 10 shoots/
m? (Fig. 4, Table 1). No relationship was found between the
intensity of flowering and the size of twinflower patch (» =
—0.017). The result was not statistically significant (=-0.07,
p =0.93, df = 20). The value of Pearson’s correlation coeffi-
cient showed a weak negative correlation between the flow-
ering intensity and stand age (» = —0.39), and the Student’s
t test showed a statistical trend (¢ =—1.8955, p =0.073, df =
20). This result indicates a higher number of flower shoots in
younger stands. In nearly all locations (81%, N = 17), flow-
ering was observed twice in the season: first, more intense,
occurred in the first half of June, and second, with single
flowers, in August. Flower abundance did not translate into
the efficiency of sexual reproduction. The presence of fruit
— just a few per patch — was recorded in 15 locations (71%
flowering, Fig. 5, Table 1). In all the locations examined on
the forest outskirts, numerous single shoots outside the main
area of the plant occurrence were observed, indicating the
processes of vegetative reproduction.

In the Augustow Forest, the twinflower was observed in
Scots pine and Norway spruce stands aged from 34 tol166
years (Table 2). The species did not show any significant pre-
ference with respect to the age of stands but did not appear in
stands younger than 30 years. The largest twinflower patch
(3,000 m?) was found in one of the oldest stands, but no rela-
tionship was observed between the area occupied by the plant
and the stand age (» = —0.02). The result was not statistically
significant (z = —0.060, p = 0.952, df = 20). The canopy den-
sity in the stands with twinflower patches ranged from full
(18%, N =4) to lose (9%, N = 2) and discontinuous (5%, N =
1). The largest patch number was observed in tree stands with
moderate canopy density (68%, N = 15, Table 2).

In the Augustow Forest, the twinflower occurred in two
plant communities. Nine locations were recorded in Peuce-
dano-Pinetum (continental fresh pine forest) and 13 in Ser-
ratulo-Pinetum (sub-boreal mixed coniferous forest) (Table
2). In the twinflower locations examined (or in their close
vicinity), the accompanying plant species such as bilberry
(Vaccinium myrtillus), lingonberry (Vaccinium vitis-idaea),
common wood sorrel (Oxalis acetosella), chickweed-win-
tergreen (Trientalis europaea), lily of the valley (Convalla-
ria majalis), reed grass (Calamagrostis arundinacea), stone
bramble (Rubus saxatilis) and hairy wood-rush (Luzula pi-
losa) and also mosses such as knights plume moss (Ptilium
crista-castrensis), red-stemmed feathermoss (Pleurozium
schreberi), broom forkmoss (Dicranum scoparium) and glit-
tering woodmoss (Hylocomium splendens) were most frequ-
ently recorded. The common heather (Calluna vulgaris) was
observed only in 3 twinflower locations, and the common
cow-wheat (Melampyrum pratense) was observed in 2 loca-
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Table 2. The characteristic of twinflower habitat in the Augustéw Forest

Species composition of  Density of tree Species composi-

stands layer tion of shrub layer, . . o Plant
. . . Species of soil cover within patch .
Locality S0 — pine, 1 complete, covering (%) community
$w — spruce, 2 moderate,
stand age (years), 3 loose
Vaccinum myrtillus, Trientalis eu-
. . . Peucedano
0.242b WPN (1) 9 s0 1§w (68) 2 ropaea, Luzula pilosa, Pleurosium .
K -Pinetum
schreberi
Picea abies, 10%  Calamagrostis arundinacea, Conval-
laria majalis, Peucedanum oreoseli-
0253d WPN (2) 8 50, 2 §w (63) 2 num, Trientalis europaefz,. Vaccinum Serjratulo
myrtillus, Rubus saxatilis, Sorbus -pinetum
aucuparium, Oxalis acetosella, Pleu-
rosium schreberi
Calamagrostis arundinacea, Rubus
2 idaeus, Fragaria vesca, Convallaria
majalis, Peucedanum oreoselinum,
Trientalis europaea, Vaccinum myrtil-
0.277b WPN (3) 10 s0 (56) lus, Sorbus auc.uparium., O)-calis a.ce- Seijratulo
tosella, Veronica officinalis, Urtica -pinetum
dioica, Mycelis muralis, Moehringia
trinervia, Dryopteris filix-mas, Pleu-
rosium schreberi, Ptilium crista-ca-
strensis, Climacium dendroides
Calamagrostis arundinacea, Vac-
2 cinium myrtillus, Rubus saxatilis,
. . Lo Serratulo
0.310a WPN (4) 10so (81) Fragaria vesca, Convallaria majalis, .
. C . -pinetum
Pleurosium schreberi, Climacium
dendroides
Calamagrostis arundinacea, Oxalis
1 acetosella, Dryopteris filix-mas,
5s0 58w (166 : Serratul
0.311d WPN (5) (166) Vaccinium myrtillus, Rubus saxatilis, ei"ra o
. A -pinetum
Fragaria vesca, Pleurosium schre-
beri, Climacium dendroides
Vaccinium myrtillus, Calamagrostis
2 arundinacea, Rubus idaeus, Trien-
0295¢ WPN (6) 4s0 65w (166) talis eu}.’opaea, G.oodyera reper.ts, Sei.’ratulo
Lycopodium annotinum, Pleurosium  -pinetum
schreberi, Climacium dendroides,
Ptilium crista-castrensis
Vaccinium myrtillus, Calamagros-
0330b WPN (7) 10so (39) 2 tis arund?nacea, Rubu:v sax.a.tilis, Se}'”mtulo
Pleurosium schreberi, Ptilium -pinetum
crista-castrensis
Vaccinium myrtillus, Calamagrostis
0. 359 WPN (8) 8s0 28w (61) 2 arundl:nacea, Rubus idaeus, Myceli's Se}'"mtulo
muralis, Goodyera repens, Pleurosi-  -pinetum

um schreberi
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Species composition of  Density of tree

Species composi-

stands layer tion of shrub layer, . . s Plant
. . . Species of soil cover within patch .
Locality so — pine, 1 complete, covering (%) community
$w — spruce, 2 moderate,
stand age (years), 3 loose
2 Vaccinium myrtillus, Calamagrostis
0253 GB (9) 10so0 (104) arundin.acea, Tr?’e.ntalis .europaeus, Sefratulo
Lusula pilosa, Ptilium crista-castren-  -pinetum
sis, Pleurosium schreberi
Vaccinium myrtillus, Calamagrostis
. . . Serratulo
0.281d GB (10) 10s0 (37) 2 arundinacea, Trientalis europaeus, .
-pinetum
Goodyera repens
Picea abies, 10% Vaccinium myrtillus, Vaccinium vitis
2 -idaea, Calamagrostis arundinacea,
02634 GB (11) 8s0 2§w (121) M)fc?h's murc.zl.is, Viola.s.ilvestr%'s, Se;.fratulo
Pteridium aquilinum, Ptilium crista-  -pinetum
castrensis, Pleurosium schreberi,
Climacium dendroides
Vaccinium myrtillus, Vaccinium
3 vitis-idaea, Calluna vulgaris,
10s0 (126) Melampyrum pretense, Calamagros- P J
S0 eucedano
0.306¢c GB (12) tis arundinacea, Fragaria vesca, et
-pinetum
Viola silvestris, Goodyera repens, P
Ptilium crista-castrensis, Pleurosium
schreberi
Vaccinium myrtillus, Vaccinium
1 vitis-idaea, Calamagrostis arun-
0395(GB (13) 9 so 15w (37) dinacea, Callz.n.za vulgaris, Oxalis Peu.cedano
acetosella, Ptilium crista-castren- -pinetum
sis, Pleurosium schreberi, Clima-
cium dendroides
Picea abies, 20% Vaccinium myrtillus, Vaccinium
2 vitis-idaea, Oxalis acetosella, Goody-
$ . . ; Peucedano
0.431c GB (14) 90 1sw (121) era repens, Ptilium crista-castrensis, .
. . . -pinetum
Pleurosium schreberi, Hylocomium
splendens
Picea abies, 30% Vaccinium myrtillus, Calamagros-
1 tis arundinacea, Oxalis acetosella,
S e . Peucedano
0. 695k PO (15) 6 $w 4 50 (79) Goodyera repens, Ptilium crista-cas- .
. . . -pinetum
trensis, Pleurosium schreberi, Cli-
macium dendroides
Vaccinium myrtillus, Vaccinium
vitis-idaea, Calluna vulgaris, Ca-
2 lamagrostis arundinacea, Oxalis
acetosella, Veronica officinalis,
10 so (59 P d
0.790c PO (16) s0(59) Melampyrum pratense, Lusula pilo- eu.ce ano
-pinetum

sa, Convallaria majalis, Chimaphila

umbellata, Goodyera repens, Ptilium

crista-castrensis, Pleurosium schre-
beri, Climacium dendroides
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Species composition of  Density of tree Species composi-
tand! 1 ti f shrub layer, . . o Plant
. s an. X Ayer fon oS . b “ayer Species of soil cover within patch an .
Locality S0 — pine, 1 complete, covering (%) community
$w — spruce, 2 moderate,
stand age (years), 3 loose
Picea abies, Fran- Vaccinium myrtillus, Vaccinium
gula alnus, Corylus  vitis-idaea, Rubus idaeus, Calama-
7503 éw (89) 2 avellana, 30% grostis arundinacea, LZ{s.ula pil.osa, Serrati-
0.923g PO (17) Goodyera repens, Ptilium cris- .
. ) . lo-pinetum
ta-castrensis, Pleurosium schrebersi,
Climacium dendroides, Hylocomium
splendens,
Frangula alnus, Vaccinium myrtillus, Rubus idaeus,
Corylus avellana,  Rubus plicatus, Fragaria vesca, My-
650 4éw (109) 2 40% celis muralis, Lusula pi.losa., Goody- Serratu-
0.922h PO (18) era repens, Dryopteris filix-mas, .
. . . . lo-pinetum
Ptilium crista-castrensis, Pleurosium
schreberi, Climacium dendroides,
Hylocomium splendens
Juniperus commu- Vaccinium myrtillus, Vaccinium
nis, Picea abies, vitis-idaea, Fragaria vesca, Arnica
20% montana, Lusula pilosa, Calamagros-
0.9671 PO (19) 10 50 (129) 3 tis ar.urfdinacea., .Convalltln'fia ma]:alis, Peu.cedano
Pteridium aquilinum, Ptilium crista-  -pinetum
castrensis, Pleurosium schreberi,
Climacium dendroides, Hylocomium
splendens
Vaccinium myrtillus, Vaccinium vi-
tis-idaea, Goodyera repens, Lusula
. . . Peucedano
0. 56d,f PL (20) 10 so (42) 2 pilosa, Calamagrostis arundinacea, et
-pinetum
Ptilium crista-castrensis, Pleurosium P
schreberi, Hylocomium splendens
Vaccinium myrtillus, Vaccinium vi-
0. 59 PE (21) 10 so (34) 1 tis‘—idaea, ‘Lusula pil(‘)s.a, Cal.amagros— Peu.cedano
tis arundinacea, Ptilium crista-cast-  -pinetum
rensis, Pleurosium schreberi,
Picea abies, Juni- Vaccinium myrtillus, Vaccinium
2 perus communis, vitis-idaea, Trientalis europaea, Go-
30% odyera repens, Lusula pilosa, Cala- Servatu
. rratu-
0.124i PL (22) 9s01$w(61) magrostis arundinacea, Pteridium .
lo-pinetum

aquilinum, Ptilium crista-castrensis,
Pleurosium schreberi, Hylocomium
splendens

tions. The twinflower patches were frequently accompanied
by other plants of protected species. In 11 locations, indi-
viduals of creeping lady’s-tresses (Goodyera repens) were
observed, whereas in individual patches, umbellate win-
tergreen (Chimaphila umbellata), mountain arnica (Arnica

montana) and stiff clubmoss (Lycopodium annotinum) were
recorded. No alien plant species were observed.

The threats were reported in 13 locations of twinflower
(Table 1), but in most cases, these were not serious. Two
locations were considered as critically threatened: one situ-
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ated in the forest management unit 263d GB (No. 11) — be-
cause of the expansion of reed grass— and the second — in the
‘Lempis’ reserve (No.15) — because of the Norway spruce
shade. One location is potentially at risk as a result of turf
developing on the groundcover because of increased light
access attributable to tree cutting performed in the vicinity.
Shading due to some expansive plant species, such as com-
mon bracken (Pteridium aquilinum), raspberry (Rubus idae-
us) and undergrowth of alder buckthorn (Frangula alnus)
and common hazel (Corylus avellana), was considered as
unfavourable for twinflower development. However, just 1
location was seriously threatened due to these factors. No
threat associated with alien species was documented. Never-
theless, harvest cutting poses a potential threat to the twin-
flower in the Augustéw Forest (Table 1).

5. Discussion

In Poland, the twinflower is prevalent in small areas, with
strong spatial and genetic isolation (Pigkos-Mirkowa, Mirek
2003). As expected by the study authors, the Augustow For-
est turned out to be an area of numerous incidence of this
low-growing boreal shrub, attributable to the geographical
position of the forest, continental climate and boreal char-
acter of its plant communities. Other boreal species of flora,
such as creeping lady’s-tresses, Greek valerian (Polemo-
nium caeruleum) and downy willow (Salix lapponum) are
present here (Sokotowski 2010). The representatives of bo-
real fauna, such as mountain hare (Lepus timidus) (Zbyryt
et al. 2013), capercaillie (Tetrao urogallus), hazel grouse
(Tetrastes bonasia), nutcracker (Nucifraga caryocatactes)
and redwing (Turdus iliacus) also occur (Zawadzka et al.
2011). Sokotowski (2010) reported 7 twinflower sites in the
Augustéw Forest but did not specify any locations. Most
probably, this author observed other locations than those de-
scribed in the present paper. One twinflower location was
found a few years ago in the Szczebra Forest District, in the
south of the study area (M. Orzechowski, personal commu-
nication). It can be expected that the actual number of twin-
flower locations in the Augustow Forest is higher than that
shown in this paper. The uneven and cluster distribution of
known locations on the scale of the whole forest somewhat
confirms such a conclusion. The obtained data on the loca-
tion of the twinflower in the Augustow Forest could be influ-
enced by a slightly stronger penetration rate in the northern
part of the forest and the presence of smaller areas suitable
for the twinflower in the southern part, with large areas cov-
ered by deciduous, alder and swamp forests, as well as mild-
er climatic conditions. The twinflower is difficult to detect
because of its small size and form of growth; thus it is poorly
recognised by the Forest Service staff. Taking into account

the published national data, the Augustow Forest has the
largest number of twinflower locations. There occurs almost
10% of the national population of this species, known from
more than 200 posts (Zajac, Zajac 2001, Pigkos-Mirkowa,
Mirek 2003).

The twinflower populations observed in the Augustow
Forest showed good health and vitality. Most of them oc-
cupy large areas, with strong or moderate canopy closure.
There dominate 500—1,000 m? twinflower patches, whilst in
Poland, the size of the areas occupied by this species usually
do not exceed 100 m? (Wojcik 2010, Jakubowska-Gabara,
Kurowski 2012, Wrdblewska 2013). Single larger patches —
from 100 to 3,000 m? — are known from the Tucholskie For-
ests (Grzywacz, Pietrzak 2012), the Napiwodzko-Ramuckie
Forests (Sroda, Dabrowski 1999) and the Vistula Spit (End-
ler et al. 2008), as well as from Central Poland (Jakubows-
ka-Gabara, Kurowski 2012). In the Augustéw Forest, flower
shoots were observed in almost all the twinflower locations
examined. In most of them, small, single fruits were also
found — and this is rather uncommon in this part of Europe
(Ciosek et al. 2015). There are no published data on the dis-
tances between neighbouring twinflower locations within
the forest complex. In the Abernethy Forest, Scotland, the
species patches were separated by 0.25-3 km, whilst in
the Balmoral Estate, the distance ranged from 30 m to 1
km (Scobie, Wilcock 2009). The distances observed in the
Augustéw Forest are comparable to those in the Abernethy
Forest. Such positioning with respect to each other allows
pollinating of plants by insects and sexual reproduction,
which promotes the preservation of high genetic diversity of
the species. It would be advisable to verify the presence of
sexual reproduction in genetic research.

In Poland, habitat changes (increase in fertility of forest
habitats and change in composition of vegetation) as well as
succession (Jakubowska-Gabara, Kurowski 2012, Wolans-
ka-Kaminska et al. 2014, Ciosek et al. 2015) are considered
most serious threats. One of the most important factors is the
availability of light. According to Zargba (1986), the twin-
flower is a light-loving plant species. Most researchers believe
that moderate sunshine is good for this species, but too strong,
full irradiation as well as strong shading affect it negatively
(Lorens 1993; Wolanska-Kaminska et al. 2014; Ciosek et al.
2015). In shady locations, the twinflower responses positively
to the increase in light availability on a small scale (Niva et
al. 2006). Potential threat is the utilisation of forest, leading
to twinflower habitat destruction as a result of increased sun-
light and mechanical damage due to felling operations and
tree skimming (Pickos-Mirkowa, Mirek 2003, Puchalka et al.
2015). In the central parts of Poland, the twinflower popu-
lation was lost because of changes in flora composition and
phytocenose structure, in consequence of regeneration pro-
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cesses of previously disturbed communities, as well as expan-
sion of invasive species (Wolanska-Kaminska et al. 2014).
The species retrograded because of excessively limited light
access on account of lush development of undergrowth (es-
pecially buckthorns and hazel) as well as groundcover plants
(Kurowski 2004, Jakubowska-Gabara, Kurowski 2012). As a
plant requiring moderate shade, after tree stand thinning, it
can be displaced by blackberries (Rubus spp.), forest reeds
and other expansive groundcover species. In the Augustow
Forest, in the locations examined, the twinflower was threat-
ened to a small extent. In individual cases, unfavourable fac-
tors were too strong shade and expansion of forest reed or
shrubs and too much light because of tree cutting performed
in the vicinity of twinflower locations. Potential threat is tree
harvesting performed within managed forests, and this con-
cerned more than half of the locations examined.

The twinflower is listed in the regional red lists of threat-
ened with extinction and endangered plants in the provinc-
es: Kujawsko-Pomorskie, Lubelskie, L.odzkie, Matopolskie,
Opolskie, Podlaskie, Pomorskie, Slaskie and Wielkopolskie
(Jakubowska-Gabara, Kurowski 2012, Wolanska-Kaminska
et al. 2014; Puchalka et al. 2015; Sokotowski, Wotkowycki
in print). A small number of twinflower locations are protect-
ed in national parks and reserves. In Central Poland, sever-
al reserves were created specifically to protect this species.
Seven twinflower locations have been protected as nature
monuments (Grzywacz, Pietrzak 2012). Active protection
measures have been undertaken to increase the exposure to
sunlight of twinflower patches in forest stands through re-
ducing canopy closure as well as ‘metaplantations’ of this
species have been established in the ‘Jawora’ and ‘Jaksonek’
reserves (Kurowski 2004, 2015, Witostawski 2004, Wolans-
ka-Kaminska et al. 2014). In the Augustow Forest, there is
no need to create reserves for the protection of this species,
but the status of twinflower populations should be monitored,
especially in managed forests. The protection of twinflower
locations should be taken into account in the planned and im-
plemented economic activities (Wdjcik 2010). Given catego-
ry VU (vulnerable), the twinflower is included in the Polish
red list of ferns and flowering plants (Kazmierczakowa 2016).
Until 2014, it was subject to the strict protection in Poland,
but since October 2014, it has been only partially protected
(Regulation 2014). The authors of this paper and also other
authors conducting research on the twinflower (e.g. Ciosek et
al. 2015) believe that it should be strictly protected.

6. Conclusions

1. In the Augustow Forest, there occurs the most abun-
dant and vital twinflower population on Poland’s scale, com-
prising at least about 10% of known locations in the country.

Most patches do not require special protective measures,
only long-term monitoring.

2. It would be valuable to perform genetic studies on the
twinflower in the Augustéw Forest, in order to assess the degree
of genetic diversity of the population and sexual reproduction.

3. Within the area managed by the State Forests, twinflo-
wer locations should be protected from accidental destruc-
tion during economic activities by taking into account the
natural sites of this species in conservation programmes inc-
luded in forest management plans. In some forest districts,
this postulate has been already implemented.

4. Light conditions in too much shaded twinflower lo-
cations should be carefully improved by moderate, gradual
thinning of shady vegetation in the lower and upper layers of
forest stands. Excessive light access caused by canopy thin-
ning should be avoided. It would be valuable to conduct an
inventory of the twinflower in the Augustéw Forest as a whole
by employees of the State Forests — after a relevant training
to raise their knowledge on the identification of this species.
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