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A B S T R A C T
fi e Fırtı n a Vall e y f orests are of t h e 1 0 0 f orests i n t h e w orl d w h os e c o ns er v ati o n is a pri orit y d u e t o t h e 
n at ur al ol d f orests t he y h a ve. I n t his st u d y, t he e pi p h yti c br y o p h yte ve get ati o n of t he B u x us se m per vire ns  
L. f orests l o c at e d i n t h e Fırtı n a Vall e y ( Rize, N ort h er n Tur k e y), w hi c h is o n e of t h e ni n e h ots p ots i n 
Tur k e y a n d Tur k e y’s o nl y b o x w o o d f orest, w as i n vesti g at e d. fi e rel e vés t a k e n fr o m li vi n g tre e tr u n ks 
i n 2 0 2 0 were a n al yze d a c c or di n g t o t h e Br a u n- Bl a n q u et m et h o d ol o g y, a n d or di n at e d a n d cl assi fi e d 
usi n g t h e Detre n d e d C orres p o n d e n c e A n al ysis ( D E C O R A N A) a n d t h e T w o- Wa y I n di c at or S p e ci es 
A n al ysis ( T WI N S P A N). As a res ult of t h e a n al ys es, E xsert ot hec o cris p ae -Alle niellet u m besseri  ass. n o v. 
s u b ass. ty pic u m a n d le uc o d o ntet os u m sci ur oi dis s u b ass. n o v., a n d Alle niell o besseri -P al a m ocl a diet u m 
e uc hl or o nis ass. n o v. were d es cri b e d a n d c h ar a ct erize d. All s y nt a x a were pres e nt e d b y a n al yzi n g t h e m 
i n t er ms of t h eir e c ol o gi c al a n d fl oristi c cl assi fi c ati o ns.
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Al at aş M. et al .

R É S U M É
Végét ati o n de bry o p hytes é pi p hytes des f orêts de B u x us s e m p er vire ns  L. d a ns l a v allée de Fırtı n a ( Ri ze, 
Tur q uie).
L es f orêts d e l a v all é e d e Fırtı n a f o nt p arti e d es 1 0 0 f orêts d u m o n d e d o nt l a c o ns er v ati o n est pri orit aire 
e n r ais o n d es vi eill es f orêts n at urell es q u’ ell es a brit e nt. D a ns c ett e ét u d e, l a vé g ét ati o n d es br y o p h yt es 
é pi p h yt es d es f orêts d e B u x us se m per vire ns  L. sit u é es d a ns l a v all é e d e Fırtı n a ( Rize, n or d d e l a Tur-
q ui e), q ui est l’ u n d es n e uf h ots p ots d e Tur q ui e et l a s e ul e f orêt d e b uis d e Tur q ui e, a ét é ét u di é e. L es 
rel e vés e ff e ct u és s ur d es tr o n cs d’ ar bres vi v a nts e n 2 0 2 0 o nt ét é a n al ys és s el o n l a m ét h o d ol o gi e Br a u n-  
Bl a n q uet, p uis or d o n nés et cl assés à l’ ai de de l’ a n al yse des c orres p o n d a n ces e n te n d a n ce ( D E C O R A N A) 
et d e l’ a n al ys e d es es p è c es i n di c atri c es à d e u x v oi es ( T WI N S P A N). L es a n al ys es o nt p er mis d e d é crire 
et d e c ar a ct éris er E xsert ot hec o cris p ae -Alle niellet u m besser i ass. n o v. s u b ass.  ty pic u m et le uc o d o ntet os u m 
sci ur oi dis s u b ass. n o v., et Alle niell o besseri -Pal a m ocl a diet u m e uc hl or o nis  ass. n o v. To us l es s y nt a x o ns o nt 
ét é prés e nt és e n l es a n al ys a nt d u p oi nt d e v u e d e l e ur cl assi fi c ati o n é c ol o gi q u e et fl oristi q u e.

M O T S C L É S
T ur q ui e,

br y os o ci ol o gi e,
c o m m u n a ut é,

D E C O R A N A,
T WI N S P A N,

s y nt a x o ns.

I N T R O D U C TI O N

Bi o di versit y h ots p ots are re gi o ns t h at h a ve b ot h hi g h r at es of 
e n d e mis m, c h ar a ct erize d b y s eri o us h a bit at l oss, a n d w h ere 
t h e m ost ur g e nt c o ns er v ati o n a cti o ns are n e e d e d (M ar c h es e 
2 0 1 5 ). Alt h o u g h t h es e h ots p ots c o ver o nl y 2. 3 % of t h e w or-
l d’s t errestri al are a, t h e y c o nt ai n 5 0 % of t h e w orl d’s e n d e mi c 
pl a nt di versit y ( S at ar  &  G ü n eş 2 0 1 4).

fl e Fırtı n a Vall e y is o n e of t h e ni n e h ots p ots i n Tur k e y, 
w hi c h is a m o n g t h e 2 5  pri orit y are as t h at n e e d t o b e pr ot e c -
t e d i n t h e w orl d. I n a d diti o n, a c c or di n g t o t h e W W F ( W orl d 
Wil dlif e F u n d), t h e Fırtı n a Vall e y is o n e of t h e 2 0 0  i m p ort a nt 
e c ol o gi c al re gi o ns w orl d wi d e i n t er ms of bi o di v ersit y, a n d 
h as b e e n i d e nti fi e d as o n e of t h e h u n dre d  f orests i n n e e d of 
ur g e nt pr ot e cti o n i n E ur o p e ( Z a m a n 2 0 0 8 ).

fi e Fırtı n a Vall e y is h o m e t o m a n y r are s p e ci es, dis pl a yi n g 
a u ni q u e b ot a ni c al di versit y, as it c o vers all t h e m ai n h a bit ats 
s p e ci fi c t o t h e re gi o n d u e t o its g e ol o gi c al a n d t o p o gr a p hi c 
di versit y; t h e are a is h o m e t o 2 5 0 0 di ff ere nt pl a nt s p e ci es, of 
w hi c h 1 1 6 are e n d e mi c ( S at ar  &  G ü n eş 2 0 1 4). B u x us se m -
per vire ns  L., w hi c h h as a ver y wi d e distri b uti o n i n t h e E ur o- 
Si b eri a n pl a nt g e o gr a p h y, f or ms re m ar k a bl e tre e c o m m u ni -
ti es i n t his v all e y. M ore o ver, B.  se m per vire ns f orests are f o u n d 
o nl y h er e i n T ur k e y ( K ur d o ğl u  &  Y ü ks e k 2 0 0 6; S at ar  & 
G ü n eş 2 0 1 4 ). F urt h er m ore, t h e hi g h ri c h n ess of br y o p h yt es, 
es p e ci all y e pi p h yti c br y o p h yt es, i n t h es e f orests, e n a bl e d t h e 
are a t o b e s el e ct e d as a br y os o ci ol o gi c al st u d y are a. A t ot al 
of c. 1 4 2  br y o p h yt e t a x a ( ±  1 1 6  m oss es a n d ±  2 6 li v er w orts) 
h a ve b e e n re p ort e d fr o m t h e Fırtı n a Vall e y i n Rize Pr o vi n c e 
s o f ar (Pa p p 2 0 0 4 ; A b a y et al . 2 0 0 6).

Br y o fl oristi c st u di es i n Tur k e y h a ve pr o gress e d r a pi dl y i n 
re c e nt y e ars. Ac c or di n g t o s o m e re c e nt s ur v e ys o n Tur kis h 
br y o fl or a, t he br y o p h yte t a x a deter mi ne d i n Tur ke y are ar o u n d 
±  1 0 5 6  ( Er at a  & B at a n 2 0 2 0 ; K ürs c h n er  & Fre y 2 0 2 0 ; Ellis 
et al . 2 0 2 1 a, b ; Er at a et al . 2 0 2 1; Kır m a cı et al . 2 0 2 1; Öz ç eli k 
et al . 2 0 2 1; Urs a v aş et al . 2 0 2 1; A b a y et al . 2 0 2 2; Öz e n o ğl u  &  
Kır m a cı 2 0 2 2 ; U y g ur et al . 2 0 2 2). Des pit e t h e pr o gress i n 
fl oristi c st u di es, t h e k n o wl e d g e d o es n ot pr o gress at t h e s a m e 
s p e e d wit h re g ar d t o e pi p h yti c fl or a a n d ve g et ati o n. Ac c or-
di n g t o t h e res ults of t h e st u di es o n t h e e pi p h yti c br y o p h yt e 

v e g et ati o n, a t ot al of 6 8  s y nt a x a b el o n gi n g t o t hre e cl ass es 
h a v e b e e n d et er mi n e d i n t h e c o u ntr y s o f ar; a m o n g t h e m, 
f o ur ass o ci ati o ns a n d o n e s u b- ass o ci ati o n b el o n g t o t h e cl ass 
Cl a d o ni o digit at ae -Le pi d o ziete a re pt a ntis  Ježe k & Vo n dr á č e k, 
1 9 6 2; 1 5  ass o ci ati o ns a n d t e n  s u b- ass o ci ati o ns b el o n g t o t h e 
cl ass Ne c k eret e a c o m pl a n at a e M arst all er, 1 9 8 6, a n d 1 9  ass o -
ci ati o ns a n d ei g ht  s u b- ass o ci ati o ns b el o n g t o t h e cl ass Fr ul -
l a ni o dil at at ae-Le uc o d o ntete a sci ur oi dis  M o h a n, 1 9 7 8. Als o, 
el e ve n re m ai n at t h e c o m m u nit y l e vel d u e t o t h eir u n k n o w n 
s y nt a x o n o mi c al st at us (Al at aş 2 0 1 8 ; Al at aş et al . 2 0 1 9 a, b , c , 
2 0 2 1 , 2 0 2 2 ; K ar a  & Taş pı n ar 2 0 2 2 ; Ezer et al . 2 0 2 2).

Alt h o u g h t h e br y os o ci ol o gi c al st u di es h a ve m a d e pr o gress 
i n r e c e nt y e ars, m ore res e ar c h is n e e d e d t o re v e al Tur k e y’s 
ri c h n ess. fi e pres e nt st u d y ai m e d t o re ve al t h e s y nt a x o n o mi c 
u nits of e pi p h yti c br y o p h yt es o n e pi p h yti c h a bit ats of B u x us 
se m per vire ns.

M A T E RI A L A N D M E T H O D S

S t u d y  a r e a

ff e Fırtı n a Vall e y is l o c at e d wit hi n t h e b or d ers of Rize pr o v -
i n c e i n t h e E ast er n Bl a c k Se a Re gi o n of Tur k e y. It is l o c at e d 
wit hi n t h e A 4 s q u are a c c or di n g t o t h e gri d-s q u are s yst e m of 
He n d ers o n ( 1 9 6 1 ), a n d is i n t h e c ol c hi c z o n e of t h e E ur o-
Si b eri a n P h yt o g e o gr a p hi c Re gi o n ( A nşi n 1 9 8 3 ; Fi g. 1 ).

fi e Fırtı n a Vall e y, g e o m or p h ol o gi c all y, c o nsists of a l a n d 
d e e pl y di vi d e d b y ri v ers a n d hi g h m o u nt ai n ar e as w h er e 
gl a ci ati o ns were e ff e cti ve. “ V ” a n d “ U ” pr o fil e v all e ys wit h 
s h ar p a n d st e e p sl o p es f or m t h e c h ar a ct eristi c t o p o gr a p hi c 
vi e w of t his are a u p t o a n altit u d e of a p pr o xi m at el y 2 0 0 0-
2 2 0 0  m. ffe t o p o gr a p h y i n t he v alle y bre a ks d o w n j ust bef ore 
t h e c o ast al pl ai n, a n d t h e el e v ati o n s u d d e nl y d e cre as es fr o m 
2 0 0 0- 2 2 0 0  m t o 1 5 0- 2 0 0  m. Fr o m h ere o n w ar ds, t h e l a n d is 
d e e pl y cl e a ve d b y stre a m v all e ys t h at g et n arr o wer. B ot h t h e 
m ai n stre a ms a n d t he tri b ut aries f or me d b y t hese stre a ms h a ve 
fr a g m e nt e d t h e l a n d a n d m a d e it st e e p a n d u n e ve n. I n t h e 
v all e y, t h e Fırtı n a Stre a m is di vi d e d i nt o br a n c h es at v ari o us 
d e gre es, a n d f or ms t h e Tu n c a, H al a, Pal o vit, H a çi v a n a k a n d 
He mşi n Stre a ms ( A nşi n 1 9 8 3 ) (Fi gs 1 ; 2 ).
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fl e l a n ds i n t h e Fırtı n a Vall e y are e v al u at e d as a gri c ult ure, 
p ast ure, f orest a n d s ettl e m e nt i n t er ms of us e, a n d t h e f orest 
are as are t h e m ost i m p ort a nt t y p e of l a n d us e wit h a r at e of 
4 9. 5 % ( Z a m a n 2 0 0 8 ). fie f orest f or m ati o n i n t he v alle y h as a 
l us h str u ct ure d u e t o f a v or a bl e pre ci pit ati o n a n d t e m p er at ure 
c o n diti o ns ( İ n a n dı k 1 9 6 9). fiis f orest c o ver, d o mi n at e d b y 
de ci d u o us br o a d-le a ve d s pe cies, l oses its c ol c hi c str u ct ure wit h 
i n cre asi n g altit u d e, a n d l e a ves t h e pl a c e t o mi xe d f orests a n d 
t h e n t o c o nif er o us f orests. ff e u p p er li mit of t h e f orest is at 
a p pr o xi m at el y 2 2 0 0  m, a n d aft er t his altit u d e, di ff ere nt b elts 
disti n g uis h e d as s u b al pi n e a n d al pi n e m e a d o ws are f or m e d 
(Eri n ç 1 9 4 5 ).

fi e altit u d e r a n g e of t h e v all e y b et we e n 5 0 0- 1 0 0 0  m is t h e 
ric hest belt i n ter ms of trees. ffere, Al n us gl uti n os a  ( L.) Gaert n. 
s u bs p. b ar b at a  ( C. A. Me y.) Yalt., C ar pi n us bet ul us  L., C ast a ne a 
s ati v a Mill., F ag us orie nt alis  Li ps k y., Pice a orie nt alis  ( L.) Li n k., 
a n d Tili a r u br a  D C. s u bs p. c a uc asic a ( R u pr.) V. E n gl. f or m 
mi x e d f or ests ( A ks o y 1 9 9 5 , 1 9 9 8 ; A v cı  & Öz h at a y 2 0 0 5 ; 
A b a y et al . 2 0 0 6; Z a m a n 2 0 0 8 ).

fi e  B u x us se m per vire ns f orests, w h ere t h e st u d y w as c arri e d 
o ut, are s pre a d al o n g t h e Fırtı n a Stre a m a n d its tri b ut ari es 
b et we e n 9 0 0- 1 3 0 0  m i n t h e v all e y. Th es e f orests are f o u n d 
f or mi n g l ar g e p at c h es, es p e ci all y o n t h e b a n ks of t h e stre a ms 
a n d o n t h e sl o p es, a n d f or m p ur e p o p ul ati o ns al o n g t h e 
Ç a mlı h e mşi n- Me y d a n r o a d a n d i n Şi mşirli k l o c alit y, w h ere 
t h e Kit o F orests a n d t h e Pal o vit Vall e y are l o c at e d. Th e B.  se m-
per vire ns  tre es pres e nt i n t h es e f orests are a b o ut 5- 6 m t all a n d 
3 5- 4 0  c m i n di a m et er.

I n t h e Fırtı n a Vall e y, a s e mi- o c e a ni c a n d s e mi- c o nti n e nt al 
cli m at e g e n er all y pre v ails. Th e cli m at e is t e m p er at e a n d r ai n y 
i n all s e as o ns, b ut t h ere are s o m e t e m p er at ure a n d pre ci pit a-
ti o n di ff ere n c es b et we e n t h e c o ast a n d t h e i nl a n d, d e p e n d-
i n g o n l o c al a n d g e o gr a p hi c al c o n diti o ns. W hil e a mil d 
r ai n y cli m at e is o bs er ve d i n t h e are as u p t o 1 0 0 0 m fr o m t h e 
c o ast, t h e t e m p er at e c o n diti o ns gr a d u all y d e cre as e i n t h e are a 
b et we e n 1 0 0 0 a n d 2 0 0 0  m. I n t h e hi g h are a a b o ve 2 0 0 0  m, 
s e mi- c o nti n e nt al m o u nt ai n cli m at e is o bs er v e d (Öz ç a ğ l ar 
et al . 2 0 0 6). I n t h e st u d y are a, t h e a ver a g e a n n u al r ai nf all is 
2 1 9 2  m m, w h ere as  t h e a ver a g e a n n u al t e m p er at ure is 8. 3° C. 
Th e h ott est m o nt h of t h e ye ar is A u g ust, w h ere as t h e c ol d est 
m o nt h is Ja n u ar y ( Cli m at e D at a 2 0 2 1 ). Th e a n n u al r ai nf all 
re gi me t y pe i n t he f or m of S K YI a n d t he a bse n ce of dr y se as o n 
i n di c at e t h at t h e st u d y are a is u n d er t h e i n fl u e n c e of O c e a ni c 
cli m at e ( A k m a n 2 0 1 1 ).

S a m p li n g

Th e st u d y is b as e d o n 2 3 br y o p h yt e rel e vés t a k e n fr o m t h e 
b as e ( 0- 0. 5  m) a n d mi d dl e ( 0. 5- 2  m) p arts of t h e tr u n ks of 
t h e B u x us se m per vire ns  tre es, fr o m di ff ere nt l o c aliti es of t h e 
Fırtı n a Vall e y wit h v ar yi n g e c ol o gi c al c h ar a ct eristi cs, d uri n g 
t h e ye ar 2 0 2 0 (Ta bl e 1 ).

Th e r el e v és w er e c arri e d o ut a c c or di n g t o t h e mi ni m al 
ar e a c o n c e pt ( Br a u n- Bl a n q u et 1 9 6 4 ). F or t h e r el e v és, t h e 
a b u n d a n c e- c o v er a g e s c al e of Fr e y  &  K ürs c h n er ( 1 9 9 1) 
w as us e d.

Th e r el e v és w er e e v al u at e d usi n g t h e cl assi c al si g m a -
tist e m et h o d ol o g y of Br a u n- Bl a n q u et ( 1 9 6 4 ) as w ell as b y 

M ulti v ari at e or di n ati o n t e c h ni q u es s u c h as D E C O R A N A 
( D etr e n d e d C orr es p o n d e n c e A n al ysis) a n d T WI N S P A N 
( T w o- Wa y I n di c at or S p e ci es A n al ysis) (S e a b y et al . 2 0 0 4). 
Th e pl a nt ass o ci ati o ns w er e arr a n g e d b y di a g n osti c s p e ci es 
(Br a u n- Bl a n q u et 1 9 6 4 ), a n d n a m e d a c c or di n g t o We b er 
et al . ( 2 0 0 0). Th e d et er mi n ati o n of t h e ass o ci ati o ns i n t h e 
pr es e nt st u d y w as c arri e d o ut vi a c o m p aris o n wit h r el at e d 
ass o ci ati o ns i n M arst all er ( 2 0 0 6 ) a n d cl assi fi e d wit h t h e h el p 
of p u blis h e d st u di es. F or t h e i d e nti fi c ati o n of t h e br y o p h yt e 
s p e ci m e ns, di ff ere nt fl or as, m o n o gr a p hi es a n d re visi o ns w ere 
us e d ( N y h ol m 1 9 8 1 ; He d e n äs 1 9 9 2 ; Z a n d er 1 9 9 3 ; Pat o n 
1 9 9 9 ; C orti ni Pe dr otti 2 0 0 1 , 2 0 0 6 ; S mit h 2 0 0 4 ; He y n  & 
Herr nst a dt 2 0 0 4 ; Fre y et al . 2 0 0 6; Br u g u és et al . 2 0 0 7; C as as 
et al . 2 0 0 9; K ürs c h n er  & Fr e y 2 0 2 0 ). Th e n o m e n cl at ur e of 
t h e s p e ci es f oll o ws H o d g etts et al . ( 2 0 2 0). Th e cl assi fi c ati o ns 
of t h e e c ol o gi c al c h ar a ct eristi cs of t h e s p e ci es ( x er o p h y -
l o us, m es o p h yl o us, et c.) a n d of t h e e n vir o n m e nts ( n e utr al, 
s e mi- n e utr al, al k ali n e, et c.) w er e d et er mi n e d a c c or di n g t o 
Di er ß e n ( 2 0 0 1 ).

Bl a c k S e a

M e dit err a n e a n S e a
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f i g. 1. — L o c ati o n of t h e st u d y ar e a. T h e r e d p oi nt  i n di c at e s t h e Fırtı n a V all e y. 
T h e bl a c k r e ct a n gl e  i n di c at e s t h e Ri z e Pr o vi n c e, a n d t h e bl a c k p oi nt s  i n di c at e 
t h e Ri z e di stri ct s. T h e n u m b er s  i n di c at e t h e ni n e l o c aliti e s s a m pl e d ( s e e T a bl e 1 ).
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Al at aş M. et al .

R E S U L T S A N D DI S C U S SI O N

r e m a r k S

As a res ult of t he e val u ati o n of t he rele vés t a ke n fr o m t he B u x us 
se m per vire ns tr u n ks i n t h e st u d y are a, wit hi n t h e Ne c k eret e a 
c o m pl a n at a e cl ass, t w o ass o ci ati o ns, o n e of t h e m wit h t w o 
s u b ass o ci ati o ns, w ere re c o g niz e d as n e w e pi p h yti c s y nt a x a. 
fl us, t he n u m ber of t he e pi p h yti c br y o p h yte s y nt a x a re p orte d 
f or Tur k e y i n cre as es t o 7 1.

fi e fl oristi c a n d e c ol o gi c al f e at ures of t h e n e w s y nt a x a are 
gi ve n bel o w i n acc or da nce wit h t he Marstaller’s ( 2 0 0 6 ) se q ue nce.

Cl ass N e c k er et e a c o m pl a n at a e M arst., 1 9 8 6  
Or d er N e c k er et ali a c o m pl a n at a e J ež.  & V o n dr., 1 9 6 2  

Alli a n c e N e c k eri o n c o m pl a n at a e Š m.  & H a d. i n  Kl., 1 9 4 8

Alle niell o besseri -P al a m ocl a diet u m e uc hl or o nis  
Ez er, Al at aş, Er at a  & B at a n, ass.  n o v.  

(T a bl e 2 )

H o l o t y p e . — Tur k e y . Rize Pr o vi n c e, Fırtı n a Vall e y, 1 0 0 4 m, B u x us 
se m per vire ns f orest.

n o m e n c l a t u r a l  t y p e . — Ta bl e 2 , rel e vé n o. 1 7, h ol ot y p e.

c H a r a c t e ri S ti c  S p e ci e S . — Alle niell a besseri , Pal a m ocl a di u m e u -
c hl or o n.

c o m m e n t S

fi e ass o ci ati o n, w hi c h o c c urs i n t h e n ort h er n p art of t h e 
Fırtı n a Vall e y, w as d et er mi n e d b y a t ot al of si x rel e vés, t a k e n 
m ostl y fr o m t h e mi d dl e p arts of t h e B u x us se m per vire ns  

tr u n ks, at a n altit u d e b et we e n 9 5 6 a n d 1 0 1 8 m. W hil e t h e 
g e n er al br y o p h yt e c o v er a g e v ari es b et w e e n 8 6 % a n d 9 9 %, 
t h e c a n o p y c o ver, i n t h e f orest w h ere it w as f o u n d, w as 1 0 0 %. 
ff e ass o ci ati o n c o nsists of a t ot al of 1 6  t a x a. Of t h es e, t w o 
are li ver w orts a n d 1 4  ar e m oss es. fiirt e e n of t h e m oss es are 
pl e ur o c ar p o us a n d o n e is a cr o c ar p o us. ff e a ver a g e n u m b er 
of t a x a wit hi n t h e c o m m u nit y is ei g ht. B ot h t h e c o v er a g e 
p er c e nt a g es a n d t h e n u m b er of a cr o c ar p o us a n d xer o p h y -
l o us s p e ci es a n d m es o- h y gr o p h yl o us pl e ur o c ar p o us m oss es 
s h o w t h at t h e st u d y are a h as h u mi d a n d s e mi- ari d h a bit ats. 
I n a d diti o n, b as e d o n t h e e c ol o gi c al c h ar a ct eristi cs (Di er ß e n 
2 0 0 1 ) of t h e t a x a b el o n gi n g t o t h e ass o ci ati o n, it c a n b e st at e d 
t h at t h e s y nt a x o n s pre a ds i n s e mi- n e utr al s h a d e d are as wit h 
m es o- h y gr o p h yl o us c h ar a ct er.

Alle niell a besseri  ( L o b arz.) S. Olss o n, E nr ot h & D. Q u a n dt 
a n d Pal a m ocl a di u m e uc hl or o n  ( Br u c h e x M üll. H al.) Wij k & 
M ar g a d., t h e m ai n c h ar a ct eristi c s p e ci es of t h e ass o ci ati o n, 
h a ve t he hi g hest fre q ue n c y, a n d t he s pe cies are 1 0 0 % c o nst a nt 
i n t h e rel e vés. B ot h s p e ci es g e n er all y gr o w o n tre e tr u n ks i n 
s e mi- ari d a n d s e mi- n e utr al e n vir o n m e nts (Di er ß e n 2 0 0 1 ). 
fi e y als o gr o w as e piliti cs o n r o c k s urf a c es.

S y n hi er ar c hi c all y, d u e t o t h e f a ct t h at Alle niell o besseri -
Pal a m ocl a diet u m e uc hl or o nis  c o nt ai ns c h ar a ct eristi c s p e ci es, 
s u c h as Alle niell a c o m pl a n at a  ( He d w.) S. Olss o n, E nr ot h & 
D. Q u a n dt, E xsert ot hec a cris p a  ( He d w.) S. Olss o n, E nr ot h & 
D. Q u a n dt a n d H o m ali a tric h o m a n oi des  ( He d w.) Bri d. of 
t h e Ne c k eret e a c o m pl a n at a e, Ne c k eret ali a c o m pl a n at a e, a n d 
Ne c k eri o n c o m pl a n at a e ( M arst all er 2 0 0 6 ), it w as cl assi fi e d 
wit hi n t h es e hi g h er s y nt a x o n o mi c al u nits ( Ta bl e 2 ). Th e cl ass 
Ne c k eret e a c o m pl a n at a e is c h ar a ct erize d b y b ot h e pi p h yti c 
a n d e pilit hi c s p e ci es w hi c h pref er h u mi d a n d s h a d e d h a bit ats 
i n al k ali n e e n vir o n m e nts (Di er ß e n 2 0 0 1 ).

A B

f i g. 2. — V (B ) a n d U (A ) pr o Thl e v all e y s i n Fırtı n a V all e y.
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E xsert ot hec o cris p ae -Alle niellet u m besseri  ass. n o v.  
t y pic u m Al at aş, Ez er, B at a n & Er at a, s u b ass.  n o v.  

(T a bl e 3 A)

H o l o t y p e . — Tur k e y . Rize Pr o vi n c e, Fırtı n a Vall e y, 1 0 2 6 m, B u x us 
se m per vire ns f orest.

n o m e n c l a t u r a l  t y p e . — Ta bl e 3 A, rel e vé n o. 1 3, h ol ot y p e.

c H a r a c t e ri S ti c  S p e ci e S . — E xsert ot hec a cris p a , Alle niell a besseri .

c o m m e n t S

fl e n e w t y pi c al s u b ass o ci ati o n is r e pr es e nt e d b y a t ot al of 
s e v e n rel e v és fr o m tre e tr u n ks. It o c c urs fr o m 9 5 6 t o 1 0 6 1 m, 
a n d is m ai nl y f o u n d o n t h e c e ntr al p arts of tr u n ks of B u x us 
se m per vire ns i n t h e n ort h er n p art of t h e st u d y ar e a. W hil e 
t h e g e n er al br y o p h yt e c o v er a g e v ari es b et w e e n 8 3 % a n d 
9 7 %, t h e c a n o p y c o v er, i n t h e f or est w h er e it w as f o u n d, 
w as 1 0 0 %. fi e a v er a g e n u m b er of t a x a wit hi n t h e c o m m u -
nit y v ari es fr o m fi v e t o t e n. fi e s u b ass o ci ati o n c o nsists of 
a t ot al of 1 8  t a x a. Of t h es e, t w o ar e li v er w orts a n d 1 6 ar e 
m oss es. Fift e e n of t h e m oss es ar e pl e ur o c ar p o us a n d o n e is 
a cr o c ar p o us.

t a b l e  2. — C h ar a ct eri sti c s of All e ni ell o b e s s eri -P al a m o cl a di et u m e u c hl or o ni s  E z er, Al at a ş, Er at a & B at a n, a s s. n o v.

N u m b er of r el e v é s 1 6 1 7 1 8 2 0 2 1 2 2

C o n st a n c y 
Cl a s s

Altit u d e ( m) 1 0 1 8 1 0 0 4 1 0 0 4 1 0 0 4 9 5 6 9 5 6
Si z e of r el e v é s ( d m 2 ) 1 1 1 7. 5 1 7. 5 1 1 1 1 1 1
P h or o p h yt e B u x u s s e m p er vir e n s
Tr e e tr u n k cir c u mf er e n c e ( m) 0. 3 0 0. 4 0 0. 4 5 0. 3 0 0. 4 0 0. 3 0
E x p o siti o n N N N N N N
P o siti o n of r el e v é s N N N N E N E N E
C o v eri n g ( %) 9 3 9 5 8 6 9 8 9 9 8 7
C a n o p y c o v er ( %) 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0
H ei g h i n t h e tr u n k ( m) 0. 7 0 0. 6 0 0. 8 0 0. 6 0 0. 7 0 0. 3 5
B a s e ( B) / Tr u n k ( T) T T T T T B
N u m b er of s p e ci e s 9 8 8 8 1 0 8

C h ar a ct eri sti c s p e ci e s
All e ni ell a b e s s eri  ( L o b ar z.) S. Ol s s o n, E nr ot h & D. Q u a n dt 4 3 4 4 2 3 V
P al a m o cl a di u m e u c hl or o n  ( M üll. H al.) Wij k & M ar g a d. 2 3 3 3 2 4 V

C h ar a ct eri sti c s of Alli a n c e N e c k eri o n c o m pl a n at a e
A n o m o d o n att e n u at u s  ( H e d w.) H u e b e n er 2 2 – – 2 –
H o m ali a tri c h o m a n oi d e s  ( H e d w.) Bri d. 2 2 2 2 2 – V
M et z g eri a f ur c at a  ( L.) D u m ort. – – – – – 1 I

C h ar a ct eri sti c s of S u b alli a n c e Br a c h yt h e ci o p o p ul ei -H o m ali e ni o n tri c h o m a n oi di s
I s ot h e ci u m al o p e c ur oi d e s ( L a m. e x D u b oi s) I s o v. – – 1 1 – 2 III
S ci ur o- h y p n u m p o p ul e u m  ( H e d w.) I g n at o v & H utt u n e n – – – – 1 – I
T h ui di u m d eli c at ul u m  ( H e d w.) S c hi m p. 1 1 1 – – – III

C h ar a ct eri sti c s of Cl a s s N e c k er et e a c o m pl a n at a e a n d Or d er N e c k er et ali a c o m pl a n at a e
All e ni ell a c o m pl a n at a  ( H e d w.) S. Ol s s o n, E nr ot h & D. Q u a n dt 1 2 3 2 2 1 V
E x s ert ot h e c a cri s p a  ( H e d w.) S. Ol s s o n, E nr ot h & D. Q u a n dt 3 4 1 2 4 2 V
P s e u d o a m bl y st e gi u m s u btil e  ( H e d w.) V a n d er p. & H e d e n ä s – – – – 1 – I

Ot h er s
Fi s si d e n s s err ul at u s  Bri d. – – 1 – – – I
H y p n u m a n d oi  A. J. E. S m. – – – – 2 2 II
H y p n u m c u pr e s sif or m e  v ar. r e s u pi n at u m ( T a yl or) S c hi m p. – – – 3 – – I
Ct e ni di u m m oll u s c u m  ( H e d w.) Mitt. 1 1 – – – – II
R a d ul a li n d e n b er gi a n a  G ott s c h e e x C. H art m. 1 – – 1 1 1 I V

t a b l e  1. — Li st of l o c aliti e s s a m pl e d. All t h e r el e v é s w er e m a d e o n t h e B u x u s s e m p er vir e n s  L. tr u n k s.

N u m b er of r el e v é s L o c aliti e s Altit u d e ( m) D at e G P S c o or di n at e s

1- 2 1 1 2 7 5 1 7. V. 2 0 2 0 4 0 ° 5 1’ 4 8. 9 5 ” N, 4 0 ° 5 5’ 5 8. 0 8 ” E
3- 4 2 1 2 3 1 1 7. V. 2 0 2 0 4 0 ° 5 1’ 5 9. 4 4 ” N, 4 0 ° 5 5’ 4 6. 2 6 ” E
5- 6 3 1 1 7 6 1 7. V. 2 0 2 0 4 0 ° 5 2’ 1 3. 8 2 ” N, 4 0 ° 5 5’ 3 7. 5 2 ” E
7- 8 4 1 1 0 8 2 6. VIII. 2 0 2 0 4 0 ° 5 2’ 4 8. 2 9 ” N, 4 0 ° 5 5’ 4 3. 3 7 ” E
9- 1 1 5 1 0 6 1 2 6. VIII. 2 0 2 0 4 0 ° 5 3’ 2 0. 4 9 ” N, 4 0 ° 5 5’ 5 1. 1 1 ” E
1 2- 1 3 6 1 0 2 6 2 6. VIII. 2 0 2 0 4 0 ° 5 3’ 4 0. 8 3 ” N, 4 0 ° 5 6’ 3 1. 7 1 ” E
1 4- 1 6 7 1 0 1 8 9. X. 2 0 2 0 4 0 ° 5 4’ 1 8. 0 8 ” N, 4 0 ° 5 6’ 5 2. 3 0 ” E
1 7- 2 0 8 1 0 0 4 9. X. 2 0 2 0 4 0 ° 5 4’ 2 7. 3 0 ” N, 4 0 ° 5 6’ 5 3. 7 1 ” E
2 1- 2 3 9 9 5 6 9. X. 2 0 2 0 4 0 ° 5 4’ 4 7. 6 1 ” N, 4 0 ° 5 6’ 5 2. 3 8 ” E

https://www.openstreetmap.org/?mlat=40.8633333333333&mlon=40.9327777777778#map=11/40.8633333333333/40.9327777777778
https://www.openstreetmap.org/?mlat=40.8663888888889&mlon=40.9294444444444#map=11/40.8663888888889/40.9294444444444
https://www.openstreetmap.org/?mlat=40.8702777777778&mlon=40.9269444444444#map=11/40.8702777777778/40.9269444444444
https://www.openstreetmap.org/?mlat=40.88&mlon=40.9286111111111#map=11/40.88/40.9286111111111
https://www.openstreetmap.org/?mlat=40.8888888888889&mlon=40.9308333333333#map=11/40.8888888888889/40.9308333333333
https://www.openstreetmap.org/?mlat=40.8944444444444&mlon=40.9419444444444#map=11/40.8944444444444/40.9419444444444
https://www.openstreetmap.org/?mlat=40.905&mlon=40.9477777777778#map=11/40.905/40.9477777777778
https://www.openstreetmap.org/?mlat=40.9075&mlon=40.9480555555556#map=11/40.9075/40.9480555555556
https://www.openstreetmap.org/?mlat=40.9130555555556&mlon=40.9477777777778#map=11/40.9130555555556/40.9477777777778
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Al at aş M. et al .

t a b l e  3. — C h ar a ct eri sti c s of E x s ert ot h e c o cri s p a e -All e ni ell et u m b e s s eri  Al at a ş, E z er, B at a n & Er at a, a s s.  n o v .: A , t y pi c u m Al at a ş, E z er, B at a n  & Er at a, s u b a s s.  n o v .; 
B , l e u c o d o nt et o s u m s ci ur oi di s Al at a ş, E z er, B at a n & Er at a, s u b a s s.  n o v.

A B

N u m b er of r el e v é s 1 2 1 5 1 1 1 3 1 4 1 9 2 3 1 2 3 4 5 6 7 8 9 1 0

Altit u d e ( m) 1 0 2 6 1 0 1 8 1 0 6 1 1 0 2 6 1 0 1 8 1 0 0 4 9 5 6

C o n st a n c y 
Cl a s s

1 2 7 5 1 2 7 5 1 2 3 1 1 2 3 1 1 1 7 6 1 1 7 6 1 1 0 8 1 1 0 8 1 0 6 1 1 0 6 1

C o n st a n c y 
Cl a s s

Si z e of r el e v é s ( d m 2) 1 8 2 2 2 2 1 0 2 2. 5 1 2 1 0 2 2. 5 4 4 3 3 3 3 3 0 2 2 2 2 3 0 1 6. 5 1 1
P h or o p h yt e B u x u s s e m p er vir e n s B u x u s s e m p er vir e n s
Tr e e tr u n k cir c u mf er e n c e ( m) 0. 7 0 0. 5 0 0. 4 5 0. 2 5 0. 6 0 0. 2 0 0. 3 0 0. 6 0 0. 8 0 0. 8 0 0. 2 5 0. 6 0 0. 4 5 0. 4 0 0. 6 0 0. 3 5 0. 2 5
E x p o siti o n N N N N N N N N N N N N N N N N N
P o siti o n of r el e v é s N N N N N E N N N N N E N N N N N W N W N
C o v eri n g ( %) 9 7 8 3 9 8 9 1 9 3 9 0 8 3 9 8 9 4 9 8 9 0 9 6 9 9 8 8 9 2 9 9 9 4
C a n o p y c o v er ( %) 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 8 0 8 0 8 0 8 0 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0
H ei g h i n t h e tr u n k ( m) 0. 5 5 0. 6 0 0. 2 5 0. 6 0 0. 8 5 0. 6 5 0. 7 0 0. 6 5 0. 6 0 0. 5 5 0. 7 0 0. 7 5 0. 6 0 0. 6 0 0. 7 0 0. 6 0 0. 4 5
B a s e ( B) / Tr u n k ( T) T T B T T T T T T T T T T T T T B
N u m b er of s p e ci e s 8 8 1 0 9 6 8 5 9 9 1 1 8 1 0 8 9 1 1 1 0 9

C h ar a ct eri sti c s p e ci e s
E x s ert ot h e c a cri s p a  ( H e d w.) 

S. Ol s s o n, E nr ot h  & D. Q u a n dt 2 4 2 3 2 1 4 V 4 4 4 4 4 4 3 4 4 2 V
All e ni ell a b e s s eri  ( L o b ar z.) S. Ol s s o n, 

E nr ot h  & D. Q u a n dt 3 – 4 2 3 4 – I V 2 2 2 2 1 3 2 2 2 3 V
L e u c o d o n s ci ur oi d e s  ( H e d w.) 

S c h w ä gr. – – 2 – – 2 – II 2 2 1 – 1 1 1 2 2 1 V

C h ar a ct eri sti c s of Alli a n c e N e c k eri o n c o m pl a n at a e
A n o m o d o n att e n u at u s  ( H e d w.) 

H u e b e n er 2 2 1 2 1 – – I V – – – – 2 2 – 1 3 – II
A n o m o d o n viti c ul o s u s  ( H e d w.) 

H o o k.  & T a yl or – – – 2 – – – I – – – – – – – – – –
H o m ali a tri c h o m a n oi d e s  ( H e d w.) 

Bri d. 3 3 3 2 – 3 – I V – – – – – – – – – –
Fr ull a ni a t a m ari s ci  ( L.) D u m ort. – – – – – – – – 1 – – – 1 – – – I
M et z g eri a f ur c at a  ( L.) D u m ort. – – – – – – – – – – – – – 1 – – I
Pt eri g y n a n dr u m fllif or m e  H e d w. – – 1 – – – – I – – 2 2 1 – – – – – II

C h ar a ct eri sti c s of S u b alli a n c e Br a c h yt h e ci o p o p ul ei -H o m ali e ni o n tri c h o m a n oi di s
I s ot h e ci u m al o p e c ur oi d e s ( L a m. e x 

D u b oi s) I s o v. – 2 – 2 – 2 3 III 3 2 – 2 2 2 2 2 – – I V
S ci ur o- h y p n u m p o p ul e u m  ( H e d w.) 

I g n at o v & H utt u n e n – – – – – – – – – – – – – – – – 1 I
T h ui di u m d eli c at ul u m  ( H e d w.) 

S c hi m p. – – – – – – – – – – – – – – – – 2 I

C h ar a ct eri sti c s of Cl a s s N e c k er et e a c o m pl a n at a e a n d Or d er N e c k er et ali a c o m pl a n at a e
All e ni ell a c o m pl a n at a  ( H e d w.) 

S. Ol s s o n, E nr ot h & D. Q u a n dt
4 2 2 3 4 3 3 V 3 3 3 3 2 2 – 2 3 4 V

R a d ul a c o m pl a n at a  ( L.) D u m ort. 1 – 1 1 – – – III – 1 1 1 1 1 3 1 1 1 V
P s e u d o a m bl y st e gi u m s u btil e  ( H e d w.) 

V a n d er p. & H e d e n ä s
1 – 1 – – 1 1 III – – – – – – – – – –

S ci ur o- h y p n u m fi ot o wi a n u m  
( S e n dt n.) I g n at o v & H utt u n e n

1 1 1 – 2 – – III – – – – – 2 1 – 1 – II

H y p n u m c u pr e s sif or m e  v ar.
c u pr e s sif or m e  H e d w.

– – – – – – – 2 2 2 – – – – – – – II

Ort h otri c h u m p u mil u m  S w. e x a n o n. – – – – – – – 1 1 1 – – – – – 1 1 III

Ot h er s
Fr ull a ni a dil at at a  ( L.) D u m ort. – – – – – – – – – 1 1 – – – 1 1 – II
Fi s si d e n s s err ul at u s  Bri d. – – – – – – – – – – – – – – 1 – – I
P al a m o cl a di u m e u c hl or o n  ( M üll. H al.) 

Wij k & M ar g a d.
– – – – – – – – – – – 3 – 3 – – – I

H y p n u m c u pr e s sif or m e  v ar. 
r e s u pi n at u m ( T a yl or) S c hi m p.

– – – – – – 2 I – – – – – – – – – –

Br a c h yt h e ci u m r ut a b ul u m  ( H e d w.) 
S c hi m p.

– – – – – – – I – – – – – – – – – –

Ct e ni di u m m oll u s c u m  ( H e d w.) Mitt. – 1 – – – – – I – – – – – – – – – –
Pl a gi o m ni u m u n d ul at u m  ( H e d w.) 

T. J. K o p.
– – – – – 1 – I – – – – – – – – – –

Pl a gi ot h e ci u m n e m or al e  ( Mitt.) A. J a e g er – – – – – – – – – – – – – – 1 – – I
Pl a gi ot h e ci u m s u c c ul e nt u m  ( Wil s o n) 

Li n d b.
– 1 – – 2 – – II – – – – – – – – – –

R a d ul a li n d e n b er gi a n a  G ott s c h e e x 
C. H art m.

– – – – – – 1 I 1 – – – – – – – – – I

T h a m n o br y u m al o p e c ur u m  ( H e d w.) 
G a n g ul e e

– – – – – – – – – – – – – 2 – – – I

Ul ot a cri s p a  ( H e d w.) Bri d. – – – – – – – 1 1 1 1 – – – – 1 1 III
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Wit hi n t h e r el e v és, t h e m es o p h yl o us  E xsert ot hec a cris p a , 
wit h a c o nst a n c y of 1 0 0 % , t o g et h er wit h t h e m es o p h yl o us 
Alle niell a besseri , wit h a c o nst a n c y of 7 1 %, are t h e m ai n c h a-
r a ct eristi cs of t h e ass o ci ati o n a n d t h e t a x a wit h t h e hi g h est 
fr e q u e n c y. B ot h c h ar a ct eristi c s p e ci es gr o w o n tr e e tr u n ks 
a n d o n r o c k s urf a c es, es p e ci all y i n h u mi d a n d s e mi- n e utr al 
s h a d e d h a bit ats (Di er ß e n 2 0 0 1 ).

T h er e ar e cl ass, or d er a n d alli a n c e c h ar a ct eristi c s p e -
ci es s u c h as Alle niell a c o m pl a n at a , A n o m o d o n atte n u at us  
( H e d w.) H u e b e n er, A.  vitic ul os us  ( H e d w.) H o o k. & Ta yl or, 
H o m ali a tric h o m a n oi des , Is ot heci u m al o pec ur oi des ( L a m. e x 
D u b ois) Is o v., Pse u d o a m blyste gi u m s u btile  ( H e d w.) Va n-
d er p.  & H e d e n äs, Pteri g y n a n dr u m filif or me  H e d w., R a d ul a 
c o m pl a n at a ( L.) D u m ort. a n d Sci ur o- hy p n u m fl ot o wi a n u m  
( S e n dt n.) I g n at o v & H utt u n e n i n E xsert ot hec o cris p ae -
Alle niellet u m besseri . T h er ef or e, t h e n e w ass o ci ati o n w as 
s y n hi er ar c hi c all y cl assifi e d i n t h e Ne c k er et e a c o m pl a n at a e, 
N e c k er et ali a c o m pl a n at a e, a n d N e c k eri o n c o m pl a n at a e 
(Ta bl e 3 A).

E xsert ot hec o cris p ae -Alle niellet u m besseri  
le uc o d o ntet os u m sci ur oi dis 

Al at aş, Ez er, B at a n  & Er at a, s u b ass.  n o v.  
(T a bl e 3 B)

H o l o t y p e . — Tur k e y . Rize Pr o vi n c e, Fırtı n a Vall e y, 1 0 6 1 m, B u x us 
se m per vire ns f orest.

n o m e n c l a t u r a l  t y p e . — Ta bl e 3 B, rel e vé n o.  9, h ol ot y p e.

c H a r a c t e ri S ti c  S p e ci e S . — Le uc o d o n sci ur oi des .

c o m m e n t S

E xsert ot hec o cris p ae -Alle niellet u m besseri le uc o d o ntet os u m sci -
ur oi dis  is re pres e nt e d b y a t ot al of 1 0 rel e vés c oll e ct e d m ostl y 
fr o m t h e mi d dl e p arts of t h e tr u n ks, at a n altit u d e b et we e n  
1 0 6 1 a n d 1 2 7 5  m. fl e c o v er a g e of br y o p h yt es wit hi n t h e 
s u b ass oci ati o n varies bet wee n 8 8 % a n d 9 9 %, w hile t he c a n o p y 
c o ver v ari es b et we e n 8 0 % a n d 1 0 0 %.

f i g. 3. — T WI N S P A N cl a s si fi c ati o n f or t h e 2 3 r el e v é s c arri e d o ut i n t h e st u di e d ar e a a n d 3 1 t a x a f o u n d.

1 0

4
3
2
1

9

8
7
6
5

1 9
1 4
1 2
1 1

1 5
1 3

2 1
1 8
1 7
1 6

2 3
2 2
2 0

012345

T h ui di u m d eli c at ul u m  ( H e dw. ) S c hi m p. 1 [ +]
I s ot h e ci u m al o p e c ur oi d e s ( L a m. e x D u b oi s) I s o v. 1 [-]

A n o m o d o n att e n u at u s  ( H e dw. ) H u e b e n er 1 [ +]

R a d ul a li n d e n b er gi a n a  G ott s c h e e x C. H art m. 1 [-]
P al a m o cl a di u m e u c hl o r on  ( M üll. H al.) Wij k & M ar g a d. 1 [-]

All e ni ell a b e s s eri  ( L o b ar z.) S. Ol s s o n, E nr ot h & D. Q u a n dt 5 [ +]

Ul ot a cri s p a  ( H e dw. ) Bri d. 1 [ +]

S ci ur o- h y p n u m fl ot o wi a n u m  ( S e n dt n.) I g n at o v & H utt u n e n 1 [ +]

A n o m o d o n att e n u at u s  ( H e dw. ) H u e b e n er 1 [-]

All e ni ell o b e s s eri -P al a m o cl a di et u m e u c hl or o ni s  E x s ert ot h e c o cri s p a e -All e ni ell et u m b e s s eri t y pi c u m  E x s ert ot h e c o cri s p a e -All e ni ell et u m b e s s eri
l e u c o d o nt et o s u m s ci ur oi di s

Ul ot a cri s p a  ( H e dw. ) Bri d. 1 [ +]
R a d ul a c o m pl a n at a  ( L.) D u m ort. 1 [ +]

L e u c o d o n s ci u r oi d e s ( H e dw. ) S c h w ä gr. 1 [ +]
H o m ali a tri c h o m a n oi d e s  ( H e dw. ) Bri d. 1 [-]
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fl e c o m m u nit y i n cl u d es a t ot al 2 2  t a x a, of w hi c h 1 7 are 
m oss es a n d fi v e  ar e li v er w orts. Pl e ur o c ar p o us m oss es ar e 
es p e ci all y d o mi n a nt. fi e a v er a g e t a x a n u m b er wit hi n t his 
s u b- ass o ci ati o n is ni n e. fi e hi g h n u m b er of pl e ur o c ar p o us 
a n d li ver w orts i n di c ates t h at t he c o m m u nit y de vel o ps i n m ore 
h u mi d c o n diti o ns t h a n t he s u b- ass oci ati o n ty pic u m. M ore o ver, 
t h e l o w n u m b er of a cr o c ar p o us m e m b ers i n di c at es t h at t h e 
h a bit ats are m oist a n d s h a d e d ( K ürs c h n er 2 0 0 4 ).

ff e m es o p h yl o us- xer o p h yl o us Le uc o d o n sci ur oi des  ( He d w.) 
S c h w ä gr. disti n g uis h e d t h e s u b- ass o ci ati o n fr o m t h e E xser -
t ot hec o cris p ae-Alle niellet u m besseri  s u b ass. ty pic u m. It h as 
t h e hi g h est fre q u e n c y, a n d its c o nst a n c y is 9 0 % wit hi n t h e 
rel e vés (Ta bl e  3 B). fi e l ar g e pl e ur o c ar p o us m oss Le uc o d o n 
sci ur oi des gr o ws o n tre e tr u n ks a n d o n r o c k s urf a c es. It als o 
pref ers a ci di c a n d s e mi- ari d o p e n h a bit ats ( Di er ß e n 2 0 0 1 ).

As t he t y pi c al s u b- ass o ci ati o n, t he le uc o d o ntet os u m sci ur oi dis 
s u b- ass o ci ati o n c o nt ai ns t h e c h ar a ct eristi c s p e ci es of Ne c k -
erete a c o m pl a n at ae, Ne c keret ali a c o m pl a n at ae, a n d Ne c keri o n 
c o m pl a n at a e ( Ta bl e 3 B).

ff e l ar g e pl e ur o c ar p o us m oss P al a m ocl a di u m e uc hl or o n , 
e n d e mi c t o t h e f or ests of t h e Bl a c k S e a a n d C as pi a n S e a 
c o asts ( H of m a n n 1 9 9 7 ), disti n g uis h e d Alle niell o besseri - 
Pal a mocl a diet u m e uc hloro nis  fr o m Exsertot heco cris p ae -Alle niellet u m  
besseri . Pal a m ocl a di u m e uc hl or o n , t h e c h ar a ct eristi c s p e ci es of 
t he ne w ass o ci ati o n, s h o ws b asi p h yti c a n d mes o p h yl o us a ffi ni-

ti es (Di er ß e n 2 0 0 1 ). W hil e Alle niell o besseri -Pal a m ocl a diet u m 
e uc hl or o nis w as f o u n d o n t h e n ort h a n d n ort h e ast as p e cts of 
t h e tr u n ks of rel ati vel y y o u n g b o x w o o d tre es (t h e m a xi m u m 
tre e tr u n k cir c u mf ere n c e w as 0. 4 5 m), E xsert ot hec o cris p ae -
Alle niellet u m besseri  w as m ostl y f o u n d o n t h e n ort h er n as p e ct 
of t h e tr u n ks of rel ati vel y mi d dl e- a g e d a n d ol d b o x w o o d tre es 
(t h e m a xi m u m tre e tr u n k cir c u mf ere n c e w as 0. 7 0 m). fi ere -
f ore, alt h o u g h b ot h s y nt a x a are si mil ar t o e a c h ot h er i n t er ms 
of fl oristi c c o m p ositi o n, Alle niell o besseri -P al a m ocl a diet u m 
e uc hl or o nis w as d es cri b e d as a s e p ar at e ass o ci ati o n i n t h e 
pres e nt st u d y d u e t o b ot h t h e pres e n c e of t h e c h ar a ct eristi c 
s p e ci es P.  e uc hl or o n a n d its pref ere n c e f or rel ati v el y y o u n g 
b o x w o o d tre es.

Th e hi g h n u m b er of pl e ur o c ar p o us m oss es a n d li ver w orts 
wit hi n E xsert ot hec o cris p ae -Alle niellet u m besseri le uc o d o ntet os u m 
sci ur oi dis i n di c at e d t h at it d e vel o p e d i n m ore h u mi d c o n di-
ti o ns t h a n i n t h e s u b ass. ty pic u m. M ore o ver, t h e fre q u e n c y 
a n d c o nst a n c y of t h e l ar g e pl e ur o c ar p o us a n d str o n g c o m -
p etit or m oss Le uc o d o n sci ur oi des  wit hi n t h e s u b- ass o ci ati o n 
disti n g uis h e d it fr o m t h e E xsert ot hec o cris p ae -Alle niellet u m 
besseri ty pic u m . I n a d diti o n, E xsert ot hec o cris p ae -Alle niellet u m 
besseri ty pic u m  is fl oristi c all y si mil ar t o Nec keret u m cris p ae 
( K ais er, 1 9 2 6) Herz o g & H ö ffl er, 1 9 4 4 (s y nt a x a: A n o m o -
d o nt o vitic ul osi -Le uc o d o ntet u m sci ur oi dis  Wis ni e ws ki, 1 9 3 0) 
d et er mi n e d fr o m t h e tr u n ks of t h e B u x us se m per vire ns  tre es 

f i g. 4. — D E C O R A N A or di n ati o n f or t h e 2 3 r el e v é s c arri e d o ut i n t h e st u d y ar e a wit h T WI N S P A N gr o u p s.

A

B

C

D E C O R A N A or di n ati o n pl ot – Firti n a V all e y
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All e ni ell o b e s s eri -P al a m o cl a di et u m e u c hl or o ni s  E x s ert ot h e c o cri s p a e -All e ni ell et u m b e s s eri t y pi c u m  E x s ert ot h e c o cri s p a e -All e ni ell et u m b e s s eri
l e u c o d o nt et o s u m s ci ur oi di s
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i n M o u nt M us a (s o ut h er n Tur k e y) b y Ezer ( 2 0 0 8 ). H o ve wer, 
E xsert ot hec o cris p ae -Alle niellet u m besseri  is m ore sci o p h ytic t h a n 
Nec keret u m cris p ae , a n d gr o ws i n m ore h u mi d e n vir o n m e nts.

c l a S S i fi c a ti o n a n d  o r di n a ti o n  
wi t H  m u l ti v a ri a t e  a n a l y S iS  t e c H ni q u e S

fl e m ulti v ari at e or di n ati o n t e c h ni q u es T WI N S P A N a n d 
D E C O R A N A a p pli e d t o t h e m atri x of t h e c o v er esti m at es 
of 3 1 t a x a wit hi n t h e 2 3 s a m pl e pl ots g a ve t h e n e xt res ults. 
fi e T WI N S P A N di vi d e d t h e e pi p h yti c br y o p h yt e ve g et ati o n 
gr o u ps i n t h e B u x us se m per vire ns  f orests i nt o t hre e cl ust ers at 
t h e s e c o n d l e vel a c c or di n g t o t h e i n di c at or s p e ci es c o m p at-
i bl e wit h t h e Br a u n- Bl a n q u et v e g et ati o n u nits d et er mi n e d 
i n t h e pres e nt st u d y (Fi g. 3 ). fi e T WI N S P A N gr o u ps were 
c h ar a ct erize d m ostl y b y pl e ur o c ar p o us t a x a w hi c h are m ore 
s e nsiti v e t o dr o u g ht t h a n a cr o c ar p o us m oss es (K ürs c h n er 
2 0 0 4 ). Als o, all of t h e m were m ostl y f o u n d o n t h e mi d dl e 
p arts of t h e tr u n ks of t h e b o x w o o d tre es. ffis sit u ati o n w as 
n ot s ur prisi n g c o nsi d eri n g t h e m es os c al e cli m ati c f a ct ors a n d 
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