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PREFACE 

Under a grant from the National Park Service (USDI CX 

0001-2-0034) a lichen study was to be performed in Delaware 

Water Gap National Recreation Area. This study was to survey 

the lichens of the park, produce a lichen flora, collect and 

analyze lichens for chemical contents and evaluate the lichen 

flora with reference to the air quality. This study is to 

establish baseline data for future restudy and determine the 

presence of any air quality problems as might be shown by the 

lichens at the time of the study. All work was done at the 

University of Minnesota with frequent consultation with Dr. 

James Bennett, NPS-AIR, Denver and with personnel in the park. 

The park personnel have been very helpful during the 

field work which has contributed significantly to the success 

of the project. The study was made possible by funds from the 

National Park Service. Assistance in identification of some of 

the problem species was provided by Dr. John Thornson. The 

assistance of all of these is gratefully acknowledged. 



INTRODUCTION 

Lichens a r e  composite p l a n t s  composed of two d i f f e r e n t  

types of organisms. The l i c h e n  p l a n t  body ( t h a l l u s )  is made of 

fungi  and a l g a e  l i v i n g  t o g e t h e r  i n  a  symbiot ic  arrangement i n  

which both p a r t n e r s  a r e  b e n e f i t e d  and t h e  composite p l a n t  body 

can grow i n  p l a c e s  where n e i t h e r  component could l i v e  a lone.  

The t h a l l u s  has  no p r o t e c t i v e  l a y e r  on t h e  o u t s i d e ,  such a s  

t he  epidermis  of a  l e a f ,  s o  t h e  a i r  i n  t h e  t h a l l u s  has  f r e e  

exchange wi th  t h e  atmosphere. Lichens a r e  slow growing ( a  few 

mi l l ime te r s  per  yea r )  and remain a l i v e  f o r  many y e a r s  and s o  

must have a h a b i t a t  t h a t  is r e l a t i v e l y  undis turbed  i n  o r d e r  t o  

survive.  Lichens vary  g r e a t l y  i n  t h e i r  e c o l o g i c a l  requirements  

but  almost  a l l  of them can grow i n  p l a c e s  t h a t  on ly  r e c e i v e  

pe r iod ic  mois ture .  When mois ture  is l a c k i n g  they  go dormant 

u n t i l  t h e  nex t  r a i n  o r  dew-fall.  Some s p e c i e s  can grow i n  

h a b i t a t s  wi th  very  i n f r e q u e n t  occur rences  of mois ture  whi le  

o t h e r s  need high humidity and f r e q u e n t  we t t i ng  i n  o rde r  t o  

survive.  This  d i f f e r e n c e  i n  mois ture  requirements  is ve ry  

important  i n  t h e  d i s t r i b u t i o n  of l i c h e n s .  

Lichens a r e  known t o  be  ve ry  s e n s i t i v e  t o  low l e v e l s  of 

many atmospheric p o l l u t a n t s .  Some a r e  damaged o r  k i l l e d  by 

l e v e l s  of s u l f u r  d iox ide  a s  low a s  13 ug/cubic meter (annua l  

average) o r  by n i t r o g e n  ox ides  a t  3834-7668 ug/cubic meter o r  

by o the r  s t r o n g l y  o x i d i z i n g  compounds such a s  ozone. Other 

l i c h e n s  a r e  l e s s  s e n s i t i v e  and a  few can t o l e r a t e  l e v e l s  of 

s u l f u r  d iox ide  over 300 ug/cubic meter. The a l g a e  of t h e  



t h a l l u s  a r e  t h e  f i r s t  t o  be damaged i n  a r e a s  wi th  a i r  

p o l l u t i o n  and t h e  f i r s t  i n d i c a t i o n  of damage i s  d i s c o l o r i n g  

and dea th  of t h e  a lgae ,  which qu ick ly  l e a d s  t o  t h e  d e a t h  of 

t h e  l i chen .  Lichens a r e  more s e n s i t i v e  t o  a i r  p o l l u t i o n  when 

they a r e  wet and p h y s i o l o g i c a l l y  a c t i v e  and a r e  l e a s t  

s e n s i t i v e  when dry .  The n a t u r e  of t h e  s u b s t r a t e  is a l s o  

important i n  determining t h e  s e n s i t i v i t y  t o  s u l f u r  d i o x i d e  

s i n c e  s u b s t r a t e s  w i t h  high pH seem t o  b u f f e r  t h e  f a l l o u t  and 

permit  t h e  p e r s i s t e n c e  of more s e n s i t i v e  s p e c i e s  t han  one 

would expect .  A f t e r  t h e  l i c h e n  d i e s  it d i sappea r s  from t h e  

s u b s t r a t e  w i t h i n  a  few months t o  a  yea r  a s  it d i s i n t e g r a t e s  

and decomposes (Wetmore, 1982). 

Lichens a r e  a b l e  t o  accumulate chemical e lements  i n  

excess of t h e i r  metabol ic  needs depending on t h e  l e v e l s  i n  t h e  

s u b s t r a t e  and t h e  a i r  and, s i n c e  l i c h e n s  a r e  slow growing and 

long l i v e d ,  they  s e r v e  a s  good summarizers of t h e  environ- 

mental c o n d i t i o n s  i n  which they  a r e  growing. Chemical a n a l y s i s  

of t h e  t h a l l u s  of l i c h e n s  growing i n  a r e a s  of h igh  f a l l o u t  of 

c e r t a i n  elements w i l l  show e l e v a t e d  l e v e l s  i n  t h e  t h a l l u s .  

Toxic subs tances  ( such  as s u l f u r )  a r e  a l s o  accumulated and 

determinat ion of t h e  l e v e l s  of t h e s e  t o x i c  elements can 

provide i n d i c a t i o n s  of t h e  sub - l e tha l  bu t  e l eva t ed  l e v e l s  i n  

t h e  a i r .  

Delaware Water Gap NRA extends  a long t h e  Delaware River 

i n  e a s t e r n  Pennsylvania from Stroudsburg,  Pa. n o r t h  t o  near  

t he  New York s t a t e  l i n e  and inc ludes  t e r r i t o r y  a long t h e  r i v e r  



i n  New J e r s e y  and Pennsylvania.  The park inc ludes  low h i l l s  

and r i v e r  bottoms wi th  e l e v a t i o n s  from 300 t o  1500 f e e t .  The 

vege ta t i on  is e a s t e r n  deciduous f o r e s t  wi th  some a r e a s  of 

con i f e r s .  

I n  some of t h e  mois t  v a l l e y s  t h e r e  a r e  s t a n d s  of e a s t e r n  

hemlock (Tsusa canadensia)  wi th  whi te  p i n e  (w s t r o b u s )  on 

t h e  d r i e r  s lopes .  Most of t h e  r i d g e s  and s l o p e s  a r e  mixed oak- 

maple f o r e s t s  wi th  red oak ( Q u e r c u ~  borealis), black oak 

(Quercus v e l u t i n a ) ,  c h e s t n u t  oak (Ouercus montana), shagbark 

hickory ( C a r ~ a  o v a t a ) ,  sugar  maple (hce r  saccharum) and b i r c h  

(Betu la  p o ~ u l i f o l i a  and B. l e n t a ) .  I n  t h e  lowlands t h e r e  a r e  

occas iona l  s t a n d s  of red maple (m rubrum), whi te  sp ruce  

(p i cea  l a u c a ) ,  basswood ( T i l i a  americana) and whi te  a sh  

(prax inus  americana).  There are numerous s t e e p  s h a l e  banks 

where g r a v e l  has  been removed l e a v i n g  some s t e e p  c l i f f s .  The 

r idge tops  i n  a  few l o c a t i o n s  i n  t h e  sou thern  p a r t  of t h e  park 

a r e  capped wi th  l imes tone  b u t  t h e s e  a r e a s  a r e  q u i t e  l i m i t e d .  

METHODS 

F i e l d  work was done dur ing  J u l y  and August, 1986 and 1029 

c o l l e c t i o n s  were made a t  33 l o c a l i t i e s .  A complete l i s t  of 

c o l l e c t i o n  l o c a l i t i e s  is given i n  Appendix I and a r e  i n d i c a t e d  

on Fig. 1. L o c a l i t i e s  f o r  c o l l e c t i n g  were s e l e c t e d  f i r s t  t o  

give  a  gene ra l  coverage of t h e  park,  second, t o  sample a l l  

vege t a t i ona l  types ,  t h i r d ,  t o  be i n  l o c a l i t i e s  t h a t  should be 

r i c h  i n  l i chens .  A t  each l o c a l i t y  voucher specimens of a l l  

spec i e s  found were c o l l e c t e d  t o  record t h e  t o t a l  f l o r a  f o r  

each l o c a l i t y  and t o  avoid miss ing d i f f e r e n t  s p e c i e s  t h a t  



might appear similar in the field. At some localities 

additional material of selected species was collected for 

chemical analysis (see below). While collecting at each 

locality observations were made about the general health of 

the lichens. 

Identifications were carried out at the University of 

Minnesota with the aid of comparison material in the herbarium 

and using thin layer chromatography for identification of the 

lichen substances where necessary. The original packet of 

each collection has been deposited in the University of 

Minnesota Herbarium and the label data are being entered into 

the computerized data base maintained there. Lists of species 

found at each locality are available from this data base at 

any time on request. 

LICHEN FLORA 

Although there are no very early records of lichens from 

the park, Darlington (1853) published a list of lichens from 

Chester County, near Philadelphia and Britton (1889) included 

lichens in his list of plants of New Jersey. Wood (1914) 

published a list of lichens occurring within 100 miles of New 

York City and his area includes the present park. The lichens 

reported by Britton and Wood from the counties in which the 

present park is located are included here as literature 

records but those reported by Darlington are not, although 

most of the species in the latter list probably did occur also 

within the present park boundaries. Niering (1953) studied the 



ecology of High Point State Park in Sussex County, N. J. and 

reported some lichens. Nash (1972, 1975) studied the 

disappearance of lichens in the Lehigh Water Gap and used one 

locality at Delaware Water Gap as his control locality. It is 

apparent from his list for Delaware Water Gap that even in his 

control locality many of the lichens were gone. 

The following list of lichens is based on my collections, 

historical specimens in the University of Minnesota herbarium 

and those reported in the literature. The species previously 

reported but not found in this study are preceded by an 

asterisk and those in brackets are probable 

misidentifications, In the first columns the letters indicate 

the sensitivity to sulfur dioxide, if known, according to the 

categories proposed by Wetmore (1983) : S=Sensitive, 

IsIntermediate, T=Tolerant. S-I is intermediate between 

Sensitive and Intermediate and I-T is intermediate between 

Intermediate and Tolerant. Species in the Sensitive category 

are absent when annual average levels of sulfur dioxide are 

above 50ug per cubic meter. The Intermediate category includes 

those species present between 50 and lOOug and those in the 

Tolerant category are present at over lOOug per cubic meter. 

SPECIES LIST OF DELAWARE LICHENS 

*Acaroswora chloro~hanq (Wahlenb. in ~ch.) Mass. Wood, 
1914 

*Acarospora discretg (Ach.) Th. Fr. Wood, 1914 
Acarospora fuscata (Nyl.) Arn. Nash, 1972 
*Acaroswora schleicheri(Ach.) Mass. Wood, 1914 
1 additional unidentified species of Pcarosvora 
*Alectoria ochroleucq (Hoffm.) Mass. Britton, 1889 

~na~tvchia ~almulata (Michx.) Vain. Wood, 1914 
Anisomeridium iuistense(Erichs.) R. Harris 



Arthonia bvssacea (Weig.) Almq. 
Artbo.nia ~ a e s i a  (F lo t . )  KBrb. Wood, 1914 

*Arthonia ~ l a u c e s c e n s  Nyl. Wood, 1914 
* ~ r t h o n i a  q~ Tuck. Wood, 1914 
* ~ r t h o n i a  r a d i a t a  (Pers . )  Ach. Wood, 1914 
*Jirthowvrenia wunctiformis Mass. Wood, 1914 
*Arthothelium swec tab i l e  ( F l o t .  e x  Fr . )  Mass. Wood, 1914 

& w i c i l i a  c a e s i o c i n e r e a  (Nyl. ex Malbr.) Arn. . . B s ~ i c i l i a  c i n e r e a  (L . )  KBrb. Wood, 1914, Nash, 1972, 1975 
*Aswici l ia  a ibbosa  (L.)  Kbrb. Wood, 1914 
*&mic i l i a  l im i t a t a  (Magn.) ined.  Nash, 1972 
1 a d d i t i o n a l  u n i d e n t i f i e d  s p e c i e s  of A s w i c i l ~ q  . . . 
*Bacidia b a s l i e t t o a n a  (Mass.) J a t t a  Wood, 1914 
*Bacidia c h l o r o s t i c t a  (Tuck.) Schneid. Wood, 1914 
*Bacidia cuwreorese l la  (Nyl.) Schneid. B r i t t o n ,  1889 
*Bacidia qranosa (Tuck.) Zahlbr. Wood, 1914 

Bacidia  inunda ta  (Fr . )  KOrb. Wood, 1914 
*Bacidia ~ o l v c h r o a  (Th. Fr.) KBrb. wood, 1914 
*Bacidia r u b e l l a  (Hoffm.) Mass. Wood, 1914 
*Bacidia sabuletoxum (Schreb.) L e t t .  Wood, 1914 

Bacidia  s c h w e i n i t z i i  (Tuck.) Schneid. Wood, 1914 
*Bacidia s u f f u s a  (Fr . )  Schneid. Wood, 1914 
2 a d d i t i o n a l  u n i d e n t i f i e d  s p e c i e s  of Baczdia 

. . 
Baeomvcea funuoides  (Sm.) Ach. Wood, 1914, Nash, 1972 

* B i a t o r e l l g  camwestrig (Fr . )  Almq. Wood, 1914 
" B i a t o r e l l g  fossarum (Duf. ex  Fr.)  Th. Fr. Wood, 1914 
* B i a t o r e l l a  r (Fr . )  Th. Fr.  Wood, 1914 
*Brvoria b i c o l o r  (Ehrh.) Brodo & Hawksw.  B r i t t o n ,  1889, 
*Brvoria c h a l v b e i f o r m i ~  (L.) Brodo & Hawksw. Wood, 1914 
*Brvoria f u r c e l l a t a  (Fr . )  Brodo & Hawksw. Brodo & 

Hawksworth, 1977 
*Brvoria i m ~ l e x a  (Hoffm.) Brodo & Hawksw.  Wood, 1914 
*Brvoria t r i c h o d e s  (Michx.) Brodo & Hawksw. Wood, 1914 

B u e l l i q  d i a l v t a  (Nyl.) Tuck. Wood, 1914, Nash, 1972, 1975 
*Bue l l i a  d i s c i f o r m i a  (Fr.)  Mudd Wood, 1914 

B u e l l i a  ~ o l v s w o r a  ( W i l l . )  Vain. 
B u e l l i a  punc ta t a  (Hoffm.) Mass. Wood, 1914 

* B u e l l i a  s c h a e r e r i  D e N o t .  Wood, 1914 
*Buel l i a  swuria (Schaer.)  Anzi Wood, 1914 
*Bue l l i a  s t e l l u l a t a  (Tayl.) Mudd Wood, 1914 
*Buel l i a  stiqmaea Tuck. Nash, 1972 

B u e l l i a  s t i l l i n a i a n a  J. S t e in .  
*Buel l i a  vernicomq (Tuck.) Tuck. Wood, 1914 
*Calicium abiet inum Pers .  Wood, 1914 
*Calicium t r a b i n e u  (Ach.) Ach. Wood, 1914 
*Calowlaca cerina (Ehrh. ex Hedw.) Th. Fr. Wood, 1914 
*Calowlaca c innabar inq  (Ach.) Zahlbr. Wood, 1914 

Calowlaca c i r r o c h r o a  (Ach.) Th. Fr. 
Calowlaca c i t r i n a  ( ~ o f f m . )  Th. Fr. 

*Calowlaca f e r r u a i n e a  (Huds.) Th. Fr. Wood, 1914 
Calowlaca f lavorubesceng (Huds.) Laund. Wood, 1914 
Calowlaca f l avov i r e scens  (Wulf.) DT & S Wood, 1914, Nash, 

1972 



Calovlaca v i t e l l i n u l a  (Nyl.) Ol iv .  
2 a d d i t i o n a l  u n i d e n t i f i e d  s p e c i e s  of C a l o ~ l a c a  

S-I Cande la r ia  concolor ( D i c k s . )  B e  S t e i n .  Wood, 1914, Nash, 
1972 

c a n d e l a r i e l l a  e f f lo rescens .  Harris & Buck 
I c a n d e l a r i e l l a  v i t e l l i n a  (Hoffm.) Mall. Arg. Nash, 1972 

S-I C a n d e l a r i e l l a  xanthostiama (Ach.) L e t t .  
S * C a t i l l a r i a  q r i f f i t h i i  (Sm.) Malme Wood, 1914 

C a t i l l a r i a  l e n t i c u l a r i s  (Ach.) Th. F r ,  
Cetrar ia  a r e n a r i a  Karnef. Ka rne fe l t ,  1979 
~ e t r a r i a  aurescens Tuck. Wood, 1914 

S-I C e t r a r i a  c i l i a r i ~  Ach. Wood, 1914 
* ~ e t r a r i a  comrnixta (Nyl.) Th. Fr .  B r i t t o n ,  1889, Wood, 

1914 
Cetraria c u l b e r s o n i i  Hale 

*Cetraria f e n d l e r i  (Nyl.) Tuck. Wood, 1914 
[*Ce t r a r i a  i s l a n d i c a  (L.) Ach. B r i t t o n ,  1889, Wood, 1914, 

Torrey,  1937: mis iden t ,  = a r e n a r i a ]  
*Cetraria iuniwerina  (L.) Ach. Wood, 1914 

Cetraria oakesiana Tuck. Nash, 1972 
Cetrel ia c h i c i t a e  (W. Culb.) W. & C. Culb. 
Cetrel ia ol ivetorum (Nyl.) W. & C. Culb. 

*Chaenothecq p h a e o c e ~ h a b  (Turn.) Th. Fr.  Wood, 1914 
Chaenothecopsis ruhescens Vain. 
Cladina a rbuscu la  (Wallr .)  Hale & W. Culb. Wood, 1914 
Cladina ransiferina (L.) Nyl. Nier ing ,  1953, Nash, 1972 

*Cladina s t e l l a r i ~  (Opiz) Brodo Wood, 1914 
Cladonia a v o d o c a r ~ a  Robb. Nash, 1972 
c l a d o n i a  a t l a n t i c a  Evans 
Cladonia b a c i l l a r i s  Nyl. Nash, 1972 
g l adon ia  caeswiticia (Pe r s , )  ~ l d r k e  

*Cladonia c a r i o s a  (Ach.) Spreng. Wood, 1914 Nash, 1972 
Cladonia c a r o l i n i a n a  Schwein. ex Tuck. Nier ing,  1953 

*Gladonia chlorophaea (FlUrke e x  Somm.) Spreng. Nash, 1972 
Cladoniq c o c c i f e r a  (L.) Willd.  B r i t t o n ,  1889, Wood, 1914 

I Cladonia coniocraea (F l e rke )  Spreng. Nash, 1972, 1975 
Cladonia  cornuta  (L.) Hoffm. Wood, 1914 

*Cladonia c r i s v a t a  (Ach.) F l o t .  Wood, 1914 
I Cladonia c r i s t a t e l l a  Tuck. Nash, 1972, 1975 

Cladonia c v l i n d r i c q  (Evans) Evans 
c l a d o n i a  deformis (L.)  Hoffm. 

S-I *Cladonia f i m b r i a t a  (L.) Fr. Wood, 1914, Nash, 1972 
Cladonia f loerkeana  (Fr . )  F ld rke  
Cladonia f u r c a t a  (Huds,) Schrad. Wood, 1914 Nash, 1972 

*Cladonia a r a c i l i s  (L.) Willd.  Wood, 1914 
Cladonia a r a v i  Merr. ex  Sandst .  
Cladonia maci lenta  Hoffm. Wood, 1914 Nash, 1972 
Cladonia mateocvatha Robb. 
Cladonia p a r a s i t i c a  (Hoffm.) Hoffm. Wood, 1914 
Cladonia ~ e z i z i f o r m i ~  (With.) Laund. B r i t t o n ,  1889, Wood, 

1914 
Cladonia  w h v l l o ~ h o r a  Ehrh. ex Hoffm. B r i t t o n ,  1889, Wood, 

1914 



Cladonia pleurota (FlSrke) Schaer. Nash, 1972 
cladonia ~olvcarpoides Nylo 
Cladonia ~vxidata(L.) Hoffm. Wood, 1914 Nash, 1972 
Cladonia Schaer. 
Cladonia robbinsii Evans 
*Cladonia scabriuscula (Del. in Duby) Nyl. Wood, 1914 
*Cladonia sobolescens (Nyl.) Vain. Nash, 1972 
Cladonia ssuamosa (Scop.) Hoffm. Wood, 1914, Nash, 1972, 

1975 
Cladonia stre~silis (Ach.) Vain. 
*Cladonia stricta (Nyl.) Nyl. Wood, 1914 
*Cladonia subulata (L.) Webb. in Wigg. Wood, 1914 
*Cladonia svm~hvcarpa (Ach.) Fr. Wood, 1914 
*Cladonia turaida Hoffm. Britton, 1889, Wood, 1914 

Cladonia uncialis (L.) Wigg. Wood, 1914, Niering, 1953, 
Nash, 1972, 1975 

Cladonia verticillata (Hoffm.) Schaer. Wood, 1914 
1 additional unidentified species of Cladonia 
*Coccocarvia ervthroxvli (Spreng.) Swinsc. & Krog Wood, 

1914 
Coccocarpia ~almicola (Spreng.) Arvid & Gall. Britton, 

1889 
*Collema conalomeratuq Hoffm. Wood, 1914 
*Collema flaccidum (Ach.) Ach. Wood, 1914 
*Collema fraarans (Sm.) Ach. Wood, 1914 
*Collema fuscovirens (With.) Laund. Britton, 1889, Wood, 

1914 
*mllema leptaleum Tuck. Wood, 1914 
*Collema niarescens (Huds.) DC. Wood, 1914 
*Collema jvssoleum (Tuck.) Schneid. Britton, 1889, Wood, 

1914 
Collema subflacciduq Degel. 
*Collema tenax (Sw.) Ache Britton, 1889, Wood, 1914 
e~ollema verruciforme misident. Wood, 19141 
*Conotrema urceolatum (Ach.) Tuck. Wood, 1914 
*Cvphelium tiaillare (Ach.) Ach. Wood, 1914 
*~endriscocaulon intricatulum (Nyl.) Henss. Wood, 1914 
*Dermatocarpon lachneum (Ach.) A. L. Sm. ~ritton, 1889, 

Wood, 1914 
*DermatocarDon luridum (With.) Laund. Wood, 1914 

Permatocarpon miniatum (L.) Mann Britton, 1889, 
*Dermatocarpon tuckermanii (Rav.) Zahlbr. Wood, 1914 

Dimelaena oreina (Ach.) Norm. ~iering, 1953,  ash, -1972 
*Dimerella pineti (Dicks.) Trev. Nash, 1972 

~iplochistes scruposus (Schreb.) Norm. Wood, 1914 
1 additional unidentified species of Diploschistes 
Dirinaria frostii (Tuck.) Hale & W. Culb. Thornson, 1963 
*Eo~vrenula leuco~laca (Wallr.) R. Harris Wood, 1914 
*E~hebe lanatq (L.) Vain. Britton, 1889, Wood, 1914 

I Evernia mesomorphs Nyl. 
I *Graphis eleaans (Borr. ex Sm.) Ach. Wood, 1914 
I Graphis scri~ta (L.) Ach. Wood, 1914, Nash, 1972 
I *Baematomma ochro~haeum (Tuck.) Mass. Nash, 1972 



Haematomma pust- Brodo 
* ~ e t e r o d e r m i a  ~ l a c t o ~ h v l l a  (Tuck.) W. Culb. Wood, 1914 
*Beterodermia b v ~ o l e u c q  (Muehl.) Trev. Wood, 1914 

~ e t e r o d e r m i a  obscu ra t a  (Nyl.) Trev. 
Heterodermia s p e c i o m  (Wulf.) Trev. Wood, 1914 

*Bvdothvria venosa Russ. Wood, 1914 
*&menelia l a c u s t m  (With.) P o e l t  & Vezda Wood, 1914 
*Hv~ervhvsc ia  a i n a t a  (F lbrke)  Mayrh. & P o e l t  Wood, 

1914 
B v ~ o a v a  p . ? a  (L.) Nyl. Wood, 1914, Nash, 1972 

*Jcmado~hi la  e r ice torum (L.) Zahlbr. B r i t t o n ,  1889, Wood, 
1914 

b a s a l l i a  pawulosa (Ach.) Llano Llano, 1950, Nier ing,  1953, 
Nash, 1972, 1975 

L a s a l l i a  pensv lvan ica  (Hoffm.) Llano B r i t t o n ,  1889, 
Llano, 1950, Nier ing,  1953, Nash, 1972, 1975 

*J,ecanom a l loqhanq  Nyl. Wood, 1914 
*Lecanora s a n c r i f o r m i s  (Hoffm.) Vain. Wood, 1914 
*L- s h l a r o t e r a  Nyl. Nash, 1972 
*hecanora c u ~ r e s s i  Tuck. Wood, 1914 

Lecanora d i s ~ e r s a  (Pers . )  Somm. 
L e c a m  h a s e m  (Ach.) Ach. Wood, 1914 
L e c a n o u  i m ~ u d e m  Degel. 
Lecanorq w a l i s  (Schreb.) Rabenh. B r i t t o n ,  1889, Wood, 

1914 
*Lecanora p a l l i a  (Schreb.) Rabenh. Wood, 1914 

becanom . . 
s t r o b i l i m  (Spreng.) Kief f .  

Lecanora svmrnicta (Ach.) Ach. Wood, 1914 
*Lecanora t e s s e l i n a  (Tuck.) Zahlbr. wood, 1914 

Uxanora  t h v s a n o ~ h o r a  ined.  
*Lecaner;g v a r i a  (Hoffm.) Ach. Wood, 1914 
*&ecanora y i l l e v i  Tuck. Wood, 1914 

Lecides  aeruu inosa  Borr. i n  Hook. & Sowerb. 
U c i d a  a n t h r a c o ~ h i l a  Nyl. Wood, 1914 

*Lecidea g throocarva  (Ach.) Ach. Wood, 1914 
U c i d a  w i c u l a t a  Th. Fr. 
hecidea c v r t i d i a  Tuck. Nash, 1972 

*Lecidea e r r a t i c a  KBrb. Nash, 1972 
Lecidea f r i e s i i  Ach. i n  L i l j e b l .  

*Lecidea g e o ~ h a m  Nyl. Wood, 1914 
becidea a ranulosa  (Hoffm.) Ach. Wood, 1914, Nash, 1972 
Lecidea he lvo ln  (Kbrb. ex Hellb.)  Ol iv .  
becidea hvpnorum L i b e r t  Wood, 1914 

*Hecidea i c t e r i a  (Mont.) Tayl. Wood, 1914 
Lecidea j u s s e l l i i  Tuck. B r i t t o n ,  1889, Wood, 1914 

* U c i d e a  r u s s u l 2  Ach. wood, 1914 
becidea s c a l a r i ~ ( A c h . )  Ach. Nash, 1972, 1975 

*Lecidea t e s s e l l a t a  F lbrke  Wood, 1914 
*hecidea v a r i a n s  Ach. Wood, 1914 
*hecidea v e r n a l i s  (L.) Ach. B r i t t o n ,  1889, Wood, 1914 

Hecidea v i r i d e s c e n s  (Schrad.) Ach. wood, 1914, Nash, 1972 
*Lec ide l la  e l a e o c h r o m  (Ach.) Choisy Wood, 1914 

Lec ide l l a  s t i ama tea  (Ach.) Hert .  & Leuck. 



*Lemwholemrna mvriococcum (Ach.) Th. Fr. Britton, 1889, 
Wood, 1914 

Lepraria finkii (B. de Lesd. in Hue) R. Harris 
I-T *Lepraria incana (L.) Ach. Nash, 1972, 1975 

*Lewraria mernbranacea auct. Wood, 1914, Nash, 1972, 1975 
LeDraria nealecta, (Nyl.) Lett. Niering, 1953 
Lepraria zonata Brodo Nash, 1972, 1975 
*Lewtoqium bvssinum (Hoffm.) Zw. ex Nyl. Wood, 1914 
*Leptoqium chloromelurq (Sw. ex Ach.) Nyl. Wood, 1914 
*Lewtoqium corniculatum (Hoffm.) Minks Wood, 1914 
*Lewtoqium corticola, (Tayl.) Tuck. Wood, 1914 

Lewtoaium cvanesceng (Rabenh.)KBrb. Wood, 1914, Sierk, 
1964 

*Lewtoqium iuniwerinum Tuck. Sierk, 1964 
Lewtoaium lichenoides (L.) Zahlbr. Wood, 1914, Sierk, 1964 
*Lewtoaium saturninum (Dicks.) Nyl. Britton, 1889, Wood, 

1914 
*I;eDtoaium tenuissimum (Dicks.) KBrb. Wood, 1914 

Lewtorhawsis ewidermidi~ (Ach.) Th. Fr. Wood, 1914 
Lichenothelia scowularia (Nyl.) Hawksw. 

S *bobaria wulmonaria (L.) Hoffm. Wood, 1914, Jordan, 1973 
*Lobaria auercizaw Michx. Britton, 1889, Wood, 1914, 

Jordan, 1973 
I *Lowadiurn wezizoideujn (Ach.) KBrb. Wood, 1914 

*Baronea constaw (Nyl.) Hepp Wood, 1914 
*Nelaspilea urceolatq (Fr.) Almb. wood, 1914 
*)Iicarea denisrata (Fr.) Hedl. Wood, 1914 
Micarea melaena (Nyl.) Hedl. Nash, 1972 
*Jlicarea weliocarwa (Anzi) Coppins & Sant. Nash, 1972, 

1975 
Micarea prasina Fr. Nash, 1972 
*Bicrothelia thelena, (Ach.) Trev. Wood, 1914 
*Mvcocalicium fusci~es (Tuck.) Fink Wood, 1914 
*~vcocalicium subtile (Pers.) Szat. Wood, 1914 
*~vcoworum kvcnocarwug Nyl. Wood, 1914 
*Newhroma bellum (Spreng.) Tuck. Wood, 1914, Wetmore, 1960 
*Newhroma - helveticum Ach. Wood, 1914, Wetmore, 1960 
*Newhroma - resuwinatum (L.) Ach. Wood, 1914 

S pchrolechia androavu (Hoffm.) Arn. 
gchrolechia arborea (Kreyer) Almb. 
*Dchrolechia wallescens (L.) Mass. Wood, 1914 
*Ochrolechia warella (L.) Mass. Nash, 1972 

Qchrolechia wseudowallescen~ Brodo 
*Ochrolechia tartarea (L.) Mass. Wood, 1914 

I *Qpesrawha varia Pers. Wood, 1914 
*Oweqrawha viridis (Pers. ex Ach.) Nyl. Wood, 1914 

I *Oweurawha vulaatq Ach. Wood, 1914 
*pannaria leucowhaea (Vahl) P. M. Jorg. Wood, 1914 
Pannaria leucostictq (Tuck. in Darl.) Nyl. Wood, 1914 
*pannaria lurida (Mont.) Nyl. Wood, 1914 
parmelia aurulenta Tuck. Nash, 1972 
parmelia baltimorensi~ Gyeln. 
*parmelia borreri (Sm.) Turn. Wood, 1914 



I-T 

parmelia caperata (L.) Ach. Wood, 1914, Nash, 1972, 1975 
*parmelia centrifuaa (L.) Ach. Wood, 1914 
parmelia conspersa (Ehrh. ex ~ch.) Ach. Wood, 1914, 

Berry, 1941, Niering, 1953, Nash, 1972, 1975 
*parmelia crinita Ach. Wood, 1914 
parmelia cumberlandiq (Gyeln,) Hale Nash, 1972 
parmelia flaventior Stirt. 
parmelia aalbina Ach. Wood, 1914 
parmelia hvpowsila Moll. Arg. 
*parmelia olivacea (L.) Ach. Wood, 1914 

parmelia werforata (Jacqu.) Ach. Wood, 1914 
"parmelia werlata (Huds.) Vain. Britton, 1889, Wood, 1914 

parmelia wlittii Gyeln. Nash, 1972, 1975 
*parmelia suercina (Will.) Vain. Wood, 1914 

Parmelia rudecta Ach. Wood, 1914, ~erry, 1941, Nash, 1972, 
1975 

*parmelia saxatili~ (L.) Ach. Wood, 1914, Berry, 1941, 
Nash, 1972, 1975 

*parmelia sorediosa Almb. Nash, 1972 
parmelia sauarrosa Hale 
parmelia subauriferq Nyl. Esslinger, 1977a 
parmelia subrudecta Nyl. Nash, 1972 
parmelia sulcata Tayl. Wood, 1914, Nash, 1972 
parmelia taractica Kremp. Nash, 1972, 1975 
parmelia tasmanica Hook. f. & Tayl. Nash, 1972 
parmeliovsis aleurites (Ach.) Nyl. Wood, 1914,  ash, 1972 
parmeliopsis arnbiaus (Wulf.) Nyl. Wood, 1914 
*peltiaera awhthosa (L.) Willd. Wood, 1914 

peltiaera canina (L.) Willd. Wood, 1914 
*peltiaera didactvlq(With.) Laund. Wood, 1914, Thomson, 

1950 
Peltiaera evansiana Gyeln. 
*peltiaera horizontalis (Huds.) Baumg. Wood, 1914 
Peltiuera neckeri Mfl11. Arg. 
"peltiaera ~olvdactvla (Neck.) Hoffm. Britton, 1889, Wood, 

1914, Thomson, 1950 
peltiaera rufescena (Weis) Humb. Wood, 1914, Thomson, 1950 
*peltiaera venosa (L.) Hoffm. Wood, 1914 

peltula euploca (Ach.) Ozend. & Clauz. 
pertusaria concosians Dibb. 
*pertusaria alobularis (Ach.) Tuck. Wood, 1914 
*pertusaria leioplaca DC. in Lam. & DC. Wood, 1914 

pertusaria macounii (Lamb) Dibb. 
*pertusaria multiwunctoide~ Dibb. Dibben, 1980 
*pertusaria owhthalmiza (Nyl.) Nyl. Wood, 1914 
*pertusaria osteolata Dibb. Dibben, 1980 
*pertusaria pertusq misident. Wood, 1914, Nash, 1972 
*pertusaria pustulata (Ach.) Duby Wood, 1914, Dibben, 1980 

pertusaria texana Moll. Arg. 
*pertusaria trachvthallina Erichs. Dibben, 1980 

pertusaria velata (Turn.) Nyl. Wood, 1914, Dibben, 1980 
*phaeocalicium curtisii (Tuck.) Tibell Wood, 1914 

phaeocalicium wolvworaeu~ (Nyl.) Tibell 



*Phaeosraphis dendritica (Ach.) Mall. Arg. Wood, 1914 
phaeophvscia adiastola (Essl.) Essl. Esslinger, 1977b 
*phaeo~hvscia ciliata (Hoffm.) Moberg Wood, 1914 
*phaeophvscia endococcina (Kbrb.) Moberg Wood, 1914 
Phaeo~hvscia imbricata (Vain.) Essl. 
phaeophvscia orbicularis (Neck.) Moberg Thomson, 1963, 

Nash, 1972 
Phaeo~hvscia rubrowulchra (Degel.) Moberg Thomson, 1963, 

Esslinger, 1977b 
*phvllopsora parvifolia (Pers.) ined. Wood, 1914 

phvscia ai~olia (Ehrh.) Hampe 
Phvscia americana Merr. Nash, 1972 
*ghvscia caesia (Hoffm.) Furnrohr Wood, 1914 
phvscia intermedia Vain. 
phvscia millesrana Degel. Nash, 1972, 1975 
*phvscia phaea (Tuck.) Thoms. Thomson, 1963 

phvscia stellariq (L.) Nyl. Wood, 1914 
Phvscia subtilie Degel. Nash, 1972, 1975 
*phvscia tenella (Scop.) DC in Lam. & DC Wood, 1914 

phvsconia detersa (Nyl.) Poelt Thomson, 1963 
*phvsconia distorta (With.) Laund. Wood, 1914 

phvsconia musciaena (Ach.) Poelt 
Placvnthiella icmalea (Ach.) Coppins & James 
placvnthiella olisotro~ha (Laund.) Coppins & James 
placvnthiella ulisinosa (Schrad.) Coppins & James Wood, 

1914 
placvnthium nisrum (Huds.) S. Gray Wood, 1914 
plasiocarva hvalospora (Nyl.) R. ~arris Wood, 1914 
Platismatia tuckermanii (Oakes) W. & C. Culb. Wood, 1914 
polvblastiowsis fallaciosa (Stizenb. ex Arn.) Zahlbr. 
*polvblastio~si~ lactea (Mass.) Zahlbr. Wood, 1914 
*polvsvorina simplex (Dav.) Vezda Wood, 1914 
*porina chlorotica (Ach.) Mall. Arg. Britton, 1889, 

porpidia albocaerulescens (Wulf.) Hert. & Knopf Nash, 
1972, 1975 

porwidia macrocarwa (DC.) Hert. & Schwab. Nash, 1972 
*pseudevernia cladonia (Tuck.) Hale & W. Culb. wood, 1914 

pseudevernia consocians (Vain.) Hale & W. Culb. Wood, 1914 
*pseudocv~hellaria crocata (L.) Vain. Wood, 1914 

psorotvchia schaereri (Mass.) Arn. Britton, 1889, 
Pvcnothelia pawillaria (Ehrh.) Duf. Wood, 1914 
*pvrenowsis phaeococca Tuck. Britton, 1889, 
*Pyrenula nitida (Weig.) Ach. Wood, 1914 
*pvxine cocoes (Sw.) Nyl. Wood, 1914 
Pvxine sorediata (Ach.) Mont. Wood, 1914, Nash, 1972 
*Ramalina americana Hale Wood, 1914 
*Ramalina calicaris (L.) Fr. Wood, 1914 
*Ramalina farinaceq (L.) Ach. Wood, 1914 
Ramalina intermedia (Del. in Nyl.) Nyl. 
Rhizocar~on badioatrum (Flbrfe ex Spreng.) Th. Fr. 
*Rhizocar~on concentricum (Dav.) Beltr. Wood, 1914 
*Rhizocarpoq seminatum Kbrb. Wood, 1914 
Rhizocarpon srande (Flbrke ex Flot.) Arn. Nash, 1972 



Bhizocarwos p1icail.e (Leight.) A. L. Sm. Nash, 1972 
1 additional unidentified species of Rhizocarwon 
Rhizowlaca chrvsoleuc3 (Sm.) Zopf Britton, 1889, Nash, 

1972 
Rinodina archaea (Ach.) Arn. 
*Rinodina confroaosa (Ach.) KBrb. Wood, 1914 

I U i n a  exisua (Ach.) S. Gray Wood, 1914 
[*Rinodina sowhodes misident. Britton, 1889, Wood, 19141 

Pinoding ~ubminuta Magn. 
*Sarcosv= ~lavus (DC in Lam & DC) Kremp. Nash, 1972 . . 

Sarcosvne privi- (Ach. ) Mass. 
Sarcoam reaularia KOrb. Britton, 1889, 

I Scolicosvo~ ~h10rococcu~ (Stenham.) Vezda Nash, 1972, 
1975 

*Scolicosworura ymbrim (Ach.) Arn. Wood, 1914, Nash, 1972 
*Swhinctrina analica Nyl. Wood, 1914 

Staurothele diffractella (Nyl.) Tuck. Britton, 1889, 
*Stenowbe pullatula (Ach.) B. Stein. Wood, 1914 
*Stereocaua paschak (L.) Hoffm. Britton, 1889, 
*Stereocaulon fiomentosurq Fr. Britton, 1889, Wood, 1914 
*Stereocaulon vesuvianum Pers. Britton, 1889, Wood, 1914 
*Stria& stismatells (Ach.) R. Harris Wood, 1914 
*Teloschistes dqso~thalmus (L.) Th. Fr. Wood, 1914 
Thelocar~on Jaurerx (Flot. ) Nyl. 
*ThrombU a a a e u  (Pers.) Wallr. Britton, 1889, Wood, 

1914 
Traweliq coarctata (Sm.) Choisy in Werner Britton, 1889, 
Trawelia jnvoluta (Tayl.) Hert. 
*avwetheliw virens Tuck. ex Michx. in Darl. Wood, 1914 
Umbilicaria mamrnulatq (Ach.) Tuck. Britton, 1889, Llano, 

1950, Niering, 1953, Nash, 1972, 1975 
Ymbilicariq muehlenberaii (Ach.) Tuck. Britton, 1889, 

Wood, 1914, Llano, 1950, Niering, 1953, Nash, 1972, 
1975 

*Umbillcar . . ia (L.) Ach. Wood, 1914, Llano, 1950 
*Vsnea anaulata Ach. Wood, 1914 
[*Ysnea barbata misident. Wood, 19141 

S *grsneq ceratina Ach. Wood, 1914 
S *grsnea filiwenduh Stirt. Wood, 1914 
S *Usnea florida (L.) Web. in Wigg. Wood, 1914 
S-I Usnea hirta (L.) Web. in Wigg. Wood, 1914 

[*Usnea wlicata misident. Wood, 19141 
*LJsnea strigosa (Ach.) A. Eat. Wood, 1914 

Verrucaria aethiobola Wahlenb. in Ach. 
*Verrucaria fuscellq (Turn.) Winch. Britton, 1889, 

Verrucaria muralis Ach. 
Verrucaria ~iarescew Pers. Britton, 1889, Nash, 1972 
Verrucaria ru~estris Schrad. 
2 additional unidentified species of Verrucarh 

S-I *Xanthoria fallax (Hepp.) Arn. Wood, 1914 
I *$anthoria warietina (L.) Th. Fr. Wood, 1914 
I *xanthoria wolvcarwa (Hoffm.) Rieber Wood, 1914 



DISCUSSION OF FLORA 

This list includes 184 species collected for this study. 

Of the 308 species reported in the literature for the area 

only 112 were found in this study (=36%). There has been a 

loss of 196 species (=64%) since 1889. Of the 184 species 

found in this study 72 were not recorded in the literature and 

112 were previously known for the area. Some of the 

differences in numbers are probably due to misidentifications 

or different species concepts but the loss of species is major 

and the numbers would only be slightly changed by these 

differences. There are an additional 11 unidentified species. 

The total potential lichen flora (literature records + new 

records) is 380 species. This loss of species is probably due 

to regional air pollution. 

Species concepts and nomenclature have changed 

considerably since these earliest records were published but 

in most cases the old records can be correlated with present 

names and this has been done as far as possible. I cases where 

an old species has been split into several new taxa (such as 

Cladonia chlorophaea) it is impossible to determine which of 

the new taxa was originally found. In the case of C l a d o m  

chlorowhaea, I found Cladonia aravi, which was formerly 

included in . chloro~haea, and the historical species 

actually may have been C. 91:a~B. A similar case is Le~raria 

jncana and h. membranacea of the historical records. We now 

know plants referred to these names are called several other 

things and some may be undescribed. Since I found three 



species of Le~raria, the species in the park now may be the 

same as those found by other workers. Where the lichen 

referred to by the original name is not in North America the 

old name is included in brackets and not counted in the 

totals. The only way to resolve these differences would be to 

locate the original specimens and compare them with recent 

collections. 

This list of species includes 72 new records for the park 

and there are still a few unidentified species and some of 

these may be undescribed. The most common species are Cladoghi! 

coniocraea, Parmelia xudecta, Phaeo~hvscia -, 
UarosPora fuscata, Buellia m, G r a ~ m  scrivta, and 

por~idia albocaerulescens. 

Many of the lichens with blue green algae have 

disappeared from the park. Of the 17 species in the category 

most sensitive to sulfur dioxide, only four species remain and 

only four of the seven species in the Sensitive-Intermediate 

category were found. There is also a distinct species gradient 

in total species from north to south with fewer species at the 

southern localities. On the eastern ridgetops in the southern 

part of the park the lichens are small and in poor health, 

frequently sterile and there are many fewer species and 

numbers of thalli than in the northern parts of the park and 

in the protected valleys in the south. Many of the lichens on 

the southeastern ridges are near the ground level and lichens 

are quite rare higher in the trees. This indicates that there 



is more s e v e r e  a i r  p o l l u t i o n  e n t e r i n g  t h e  park from t h e  

sou theas t .  None of t h e  s p e c i e s  most s e n s i t i v e  t o  s u l f u r  

d iox ide  occur  on t h e  r i d g e s  i n  t h e  s o u t h e a s t  ( s e e  below). 

There is a smokestack v i s i b l e  from M t .  Minsi and M t .  Tammany 

t o  t h e  s o u t h e a s t  t h a t  may be  t h e  Metropol i tan Edison Power 

P lan t  near  Po r t l and ,  N. J.. T h i s  is  about 6  m i l e s  from t h e  

park boundary b u t  t h e  park personne l  have no in format ion  on 

the  emiss ions  from t h i s  smokestack. The me t ropo l i t an  New York 

City a r e a  is about 65 mi l e s  ESE of t h e  sou thern  end of t h e  

park b u t  t h i s  is probably t o o  f a r  away f o r  d i r e c t  s u l f u r  

d iox ide  e f f e c t s  of t h e  s e v e r i t y  shown i n  t h e  park.  

Another way of analpir ig  t h e  l i c h e n  f l o r a  of an a r e a  is 

t o  s tudy  t h e  d i s t r i b u t i o n s  of t h e  s e n s i t i v e  s p e c i e s  w i t h i n  t h e  

park t o  look f o r  vo ids  i n  t h e  d i s t r i b u t i o n s  t h a t  might be 

caused by a i r  p o l l u t i o n .  Showman (1975) has  desc r ibed  and used 

t h i s  t echnique  i n  a s s e s s i n g  s u l f u r  d iox ide  l e v e l s  around a  

power p l a n t  i n  Ohio. Only t h e  very  common s p e c i e s  have meaning 

with such a technique  s i n c e  t h e  r a r e  s p e c i e s  may be absen t  due 

t o  o t h e r  f a c t o r s .  

There a r e  only  a  few l i c h e n s  i n  t h e  park wi th  known 

s e n s i t i v i t y  t o  s u l f u r  d i o x i d e  according t o  t h e  list p re sen ted  

i n  Wetmore (1983) and most of t h e s e  a r e  no t  very  common. 

Species i n  t h e  most s e n s i t i v e  ca tegory  (S)  a r e  u s u a l l y  absen t  

when s u l f u r  d iox ide  l e v e l s  a r e  above 50ug per  cubic  meter 

average annual  concen t r a t i ons .  The S-I ca tegory  is between 

S e n s i t i v e  and Intermediate .  The s p e c i e s  t h a t  occur  i n  t h e  park 

in  t h e s e  c a t e g o r i e s  a r e  a s  fol lows.  



S 
S 
S 
S 

S- I 
S-I 
S-I 
S- I 

Calowlaca flavorubescens 1 collection 
Ochrolechia androsv- 1 collection 
parmelia w r r o s a  11 collections 
Parmelia subaurifera 6 collections 
Candelar ia soncolor 5 collections 
Candelariella xanthost iama 1 collection 
Cetraria ciliaris 3 collections 
JJsnea birta 1 collection 

The distributions of these species are mapped (Fig. 2-9). 

Although these species are not found at all localities and 

most are rare, there is an indication that the voids in the 

distributions are due to poor air quality. None of these 

species occurs on the ridges in the southeastern part of the 

park. Two do occur at Sunfish Pond but this locality is in a 

protected valley. The locality at Delaware Water Gap is also 

at low elevation and on the west side of the ridge. These 

distribution maps by themselves are not complete proof of air 

pollution from the southeast but tend to support the other 

evidence of sulfur dioxide pollution from the southeast. 

Since lichens are not known to be sensitive to acid 

precipitation, no conclusions can be drawn about this 

environmental contaminant. However, preliminary reports (Sigal 

& Johnston, 1986) indicate that some species of Urnbluca . . do 

show damage from acid precipitation by dying at the margins. A 

few specimens of these lichens were seen in the park with dead 

margins that might be due to acid rain. 

ELEMENTAL ANALYSIS 

An important method of assessing the effects of air 

quality is by examining the elemental content of the lichens 

(Nieboer et al, 1972, 1977, 1978; Erdman & Gough, 1977; 



Pucke t t  & Finegan, 1980; Nash & Somrnerfeld, 1981) .  Elevated 

bu t  s u b l e t h a l  l e v e l s  of s u l f u r  o r  o t h e r  e lements  might 

i n d i c a t e  i n c i p i e n t  damaging cond i t i ons .  

METHODS 

Lichen samples of t h r e e  s p e c i e s  were c o l l e c t e d  i n  

spunbound o l e f i n  bags a t  s i x  l o c a l i t i e s  i n  d i f f e r e n t  p a r t s  of 

t h e  park f o r  l a b o r a t o r y  a n a l y s i s .  Spec ies  c o l l e c t e d  and t h e  

s u b s t r a t e s  were Cladina r a n s i f e r i n a  (on s o i l ) ,  Parmel ia  

judec ta  and parmel ia  c a v e r a t a  (on c h e s t n u t  oak and h i cko ry ) .  

These s p e c i e s  were s e l e c t e d  because they  are t h e  on ly  ones  

presen t  i n  abundance and r e l a t i v e l y  easy  t o  c l ean .  Not a l l  

spec i e s  were p r e s e n t  a t  a11 l o c a l i t i e s .  

S ix  l o c a l i t i e s  were s e l e c t e d  from n o r t h  t o  sou th  and 

e a s t  t o  west w i t h i n  t h e  park and a r e  i n d i c a t e d  on t h e  map of 

c o l l e c t i o n  l o c a l i t i e s .  These l o c a l i t i e s  a r e :  h a l f  m i l e  NE of 

Adams Creek; 2  miles S  of Wallpack Center;  h i l l  above Bushk i l l  

Access; K i t t a t i n n y  M t .  a long Appalachian T r a i l  1 .5  miles S  of 

Poxono Isl.; Worthington S t a t e  F o r e s t  a t  Sunf i sh  Pond; and M t .  

Minsi 4 mi l e s  E of Stroudsburg.  A t  most s i t e s  a bag of l i c h e n s  

was c o l l e c t e d  from each of two t r e e s  a t  l e a s t  50 f e e t  a p a r t .  

Ten t o  20 grams of each s p e c i e s  were c o l l e c t e d  pe r  bag a t  each 

l o c a l i t y .  A t  Adams Creek l i c h e n s  were c o l l e c t e d  on two d a t e s :  

30 J u l y  and 13  August and t h i s  is i n d i c a t e d  on Table  2. 

Di f fe ren t  t r e e s  were sampled a t  d i f f e r e n t  l o c a l i t i e s  and t h e s e  

are shown on Table  1. 

Lichens were a i r  d r i e d  and c leaned of a l l  bark under a  



d i s s e c t i n g  microscope b u t  t h a l l i  were no t  washed. Two samples 

of each c o l l e c t i o n  bag were submit ted f o r  a n a l y s i s .  One bag of 

each s p e c i e s  was ground b e f o r e  s p l i t t i n g  i n t o  t h e  two 

r e p l i c a t e  samples f o r  a n a l y s i s  t o  show ins t rument  e r r o r  and 

a r e  i n d i c a t e d  as a n a l y t i c a l  s p l i t  on t h e  t a b l e s .  Ana lys i s  was 

done f o r  s u l f u r  and multi-element a n a l y s i s  by t h e  Research 

Ana ly t i ca l  Laboratory a t  t h e  Un ive r s i t y  of Minnesota. I n  t h e  

s u l f u r  a n a l y s i s  a  ground and p e l l e t e d  100-150 mg sample was 

prepared f o r  t o t a l  s u l f u r  by d r y  combustion and measurement of  

evolved s u l f u r  d i o x i d e  on a  LECO S u l f u r  Determinator ,  model 

no. SC-132, by i n f r a  red  absorp t ion .  Multi-element 

determinat ion f o r  Ca, Mgr N a ,  K, P, Fe, Mn, A l ,  Cu, Zn, Cd, 

Cr, N i ,  Pb, and B were determined s imul taneous ly  by 

Induc t ive ly  Coupled Plasma (ICP) Atomic Emission Spectrometry.  

For t h e  ICP one gram of d r i e d  p l a n t  m a t e r i a l  was d r y  ashed i n  

a 20 m l  h igh form s i l i c a  c r u c i b l e  a t  485 degrees  C e l s i u s  f o r  

10-12 hours. C ruc ib l e s  were covered du r ing  t h e  ash ing  as a  

p recau t ion  a g a i n s t  contamination.  The d r y  a s h  was b o i l e d  i n  

2 N  HC1 t o  improve t h e  recovery of  Fe,  A 1  and C r  and fol lowed 

by t r a n s f e r  of t h e  supe rna t an t  t o  7 m l  p l a s t i c  d i s p o s a b l e  

tubes  f o r  d i r e c t  de te rmina t ion  by ICP. 

RESULTS AND DISCUSSION 

Table 1 g i v e s  t h e  r e s u l t s  of t h e  ana lyses  f o r  a l l  

r e p l i c a t e s  arranged by spec i e s .  Table  2 g ives  t h e  means and 

standard d e v i a t i o n s  f o r  each set  of r e p l i c a t e s .  Some va lues  

f o r  Cd i n  C j a n u i f e r i n a  were below d e t e c t i o n  l i m i t s  of t h e  

instrument and t h e s e  are i n d i c a t e d  on Table  2. 



T a b l e  1 A n a l y s i s  of D e l a w a r e  L i c h e n s  
V a l u e s  i n  ppm of t h a l l u s  

S p e c i e s  --------------- 
!L- 
Lranaiferina 
Lranaiferina 
L- 
Ltanaifarina 
L- 
L- 
Lranaiferina 
LranclLferina 
!L- 
Lranaiferina 
Lcanaiferina 
E m  
E m  
ErJum3.U e m  
ecaDerata 
EiaLmaLa 
EcaDerata 
EcaDerato 
EsaEsma 
EcaDerats 
EcaDerats 
EcaDerata 
EcaDereta 
Eeaeersta 
Ecaperata 
E!aRsum 
LcaDerata 
EcaPerata 
EcaDerata 
EcaDerata 

L o c a l i t y  --------------- 
@ Adams C r e e k  
@ Adams C r e e k  
A d a m s  C r e e k  
A d a m s  C r e e k  
A d a m s  C r e e k  
Adams C r e e k  
Adams C r e e k  
Adarns C r e e k  
W a l l p a c k  C. 
W a l l p a c k  C. 
W a l l p a c k  C. 
W a l l p a c k  C. 
Adams C r e e k  
Adams C r e e k  
Adams C r e e k  
Adams C r e e k  
@ Adams C r e e k  
@ Adams C r e e k  
A d a m s  C r e e k  
A d a m s  C r e e k  
W a l l p a c k  C. 
W a l l p a c k  C. 
W a l l p a c k  C. 
W a l l p a c k  C. 
B u s h k i l l  A c c .  
B u s h k i l l  A c c .  
B u s h k i l l  A c c .  
B u s h k i l l  A c c .  
S u n f i s h  P o n d  
S u n f i s h  P o n d  
M t .  M i n s i  
M t .  M i n s i  

T r e e  ------- 

h i c k .  
h i c k .  
h i c k .  
h i c k .  
o a k  
o a k  
o a k  
o a k  
h i c k .  
h i c k .  
h i c k .  
h i c k .  
o a k  
o a k  
o a k  
o a k  
o a k  
o a k  
o a k  
o a k  



S p e c i e s  P K Ca Mg A 1  Fe Na Mn Zn Cu B Pb N i  CK Cd S L o c a l i t y  T r e e  ................................................................................................................................ 
e m  494 2264 64751 300 122 151  9.5 235.9 225.2 2.9 0.7 28.3 2.4 0.3 3.0 1380 Adams Creek hick.  
LLUlSaa 514 2288 51980 307 166 173 4.8 228.1 223.2 2.7 0.7 27.0 2.1 0.2 2.7 1420 Adams Creek hick .  
eruaecta 530 2297 5065 357 419 483 13.0 127.8 245.7 4.0 1.8 15.7 2.3 0.9 0.6 1590 Adams Creek hick .  
eruaecta 515 2250 5195 347 397 448 11.2 125.4 228.6 3.8 1.8 18.8 2.2 0.8 0.6 1650 Adam8 Creek hick .  
e L u & s u  768 3088 33368 306 278 332 16.9 103.8 70.7 2.4 1 .3  22.1 1.6 0.4 1.2 1170 Adam8 Creek oak 

714 3036 28782 311 322 360 10.6 104.6 68.3 2.5 1.4 20.6 1.4 0.4 1.0 1170 Adams Creek oak eudecta 
1572 4098 2567 428 253 316 11.8 135.7 58.5 3.3 1.5 8.3 1.2 0.4 0.3 1610 @ Ad- Cceek oak eruaecta 

eruaecta 1629 4224 2438 449 265 335 12.2 138.2 59.9 3.4 1.6 9.2 1.4 0.5 0.3 1530 @ Adams Creek oak 
Lruaecta 549 2976 85969 296 22 112 9.8 195.7 165.5 2.4 0.8 35.7 1.7 0.2 3.8 1180 Wallpack C. h ick .  
etuaecta 540 3045 73488 308 48 114 7.7 195.0 174.3 2.2 0.6 30.3 1.4 0.2 3.5 1150 Wallpack C. h i ck .  
2.- 572 2951 40555 301 192 211 5.1 122.1 244.8 2.9 0.8 44.0 1.4 0.4 1 .8  1300 Wallpack C. h i ck .  
Eeudecta 528 2801 45078 293 188 219 6.4 127.2 251.4 3.0 0.8 43.2 1.8 0.4 2.0 1360 Wallpack C. h ick .  

951 3016 19363 384 173 211 6.5 80.0 88.8 3.3 1.0 29.2 1.4 0.2 0.9 1685 B u s h k i l l  Acc. oak rVIIISU 
1036 3121 21893 392 170 210 10.3 81.9 7 8 6  3.6 0.9 29.9 1.5 0.4 1.1 1770 B u s h k i l l  Acc. oak 

Udf&B 1026 3800 5266 445 298 396 17.4 64.9 81.7 3.9 1.7 16.0 1.4 0.6 0.4 1630 B u s h k i l l  Acc. oak 
rudecta 1057 3848 3393 449 328 448 18.2 65.5 88.3 4.2 1.7 11.6 2.0 0.8 0.3 1590 B u s h k i l l  ACC. oak 

1121 3629 51428 363 114 180 6.3 52.9 84.6 3.5 0.9 46.7 1.6 0.2 1.2 1670 K i t t a t i n n y  M t .  oak eruaecta 
~ruaecta 991 3234 46656 325 115 168 7.3 48.7 77.5 3.2 0.7 45.2 1.7 0.2 1.0 1560 K i t t a t i n n y  M t .  oak 
Erudecta 899 3625 18537 328 234 271 11.5 33.4 96.5 3.8 1 .0  18.3 1.8 0.4 0.6 1400 S u n f i s h  Pond oak 
~ r u d e c t a  977 3839 11540 345 252 303 18.8 34.3 99.1 4.2 1.0 16.2 2.0 0.6 0.5 1490 S u n f i s h  Pond oak 
~ r u d e c t a  1321 3013 64873 321 130 256 14.3 51.8 103.0 4.1 1.1 55.5 1 .8  0.5 2 .1  1710 n t .  Minsi  oak 
Erudecta 1088 2892 64453 305 137 245 12.4 51.1 106.8 3.8 0.9 58.7 1.6 0.3 2.1 1800 M t .  Minsi  oak 
@= a n a l y t i c a l  s p l i t  
hick.= shagbark  h ickory;  oak= c h e s t n u t  oak 
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Enrmelis rudecta 
P K Ca Mg A1 Fe  Na Mn Zn Cu B Pb ................................................................................. 

l e a n  504 2276 58366 303 144 162 7 .1  232.0 224.2 2.8 0.7 27.6 
Std .  dev.  14 17 9030 5 3 1  16  3.3 5.5 1.4 0.1 <.l 0.9 
Mean 522 2274 5130 352 408 466 12 .1  126.6 237.1 3..9 1 .8  17.3 
S td .  dev.  11 33 92 6 1 5  25 1.3 1.7 12.1 0.2 <.l 2.2 
nean 741 3062 31075 308 300 346 13.8 104.2 69.5 2.5 1.4 21.4 
S t d . d e v .  38 37 3243 4 31  20 4.4 0.6 1.7 0.1 0 .1  1.0 
Mean 1601 4161 2502 438 259 326 12.0 136.9 59.2 3.4 1.6 8.7 
Std .  dev.  40 89 91  1 5  9 1 3  0.3 1.8 1.0 0.1 0.1 0.6 
Mean 544 3010 79729 302 35 113 8.8 195.3 169.9 2.3 0.7 33.0 
Std .  dev. 7 48 8825 9 1 8  1 1.5 0.5 6.2 0.1 0.1 3.8 
Hean 550 2876 42817 297 190 215 5.8 124.7 248.1 2.9 0.8 43.6 
S t d . d e v .  32 106 3198 6 3 5 0.9 3.6 4 7 . 1 1  0.5 
Mean 994 3068 20628 388 172 211 8.4 80.9 83.7 3.4 0.9 29.6 
S t d . d e v .  60 74 1789 6 2 <1 2.7 1.4 7.2 0.2 <.1 0.5 
Mean 1042 3824 4329 447 313 422 17.8 65.2 85.0 4.0 1.7 13.8 
S t d . d e v .  22 34 1324 3 21 37 0.6 0.4 4.7 0.2 <.l 3.1 
Mean 1056 3431 49042 344 115  174 6.8 50.8 81.0 3.3 0.8 45.9 
S t d . d e v .  92 280 3374 27 1 8 0.7 3.0 5.0 0.2 0.1 1.1 
nean 938 3732 15039 336 243 287 15.1 33.9 97.8 4.0 1.0 17.2 
S t d . d e v .  55 152 4948 13  1 3  22 5.2 0.6 1.8 0.3 <.l 1.4 
Mean 1205 2952 64663 313 134 250 13.3 51.4 104.9 4.0 1.0 57.1 
S t d . d e v .  165 86 297 1 2  5 8 1.3  0.5 2.7 0.2 0.1 2.3 
*- one  v a l u e  a t  o r  below d e t e c t i o n  l i m i t ;  i nc luded  as 0.7 of d e t e c t i o n  l i m i t  
I= two v a l u e s  a t  o r  below d e t e c t i o n  l i m i t ;  n o t  i nc luded  i n  c a l c u l a t i o n e  
@= a n a l y t i c a l  s p l i t  

L o c a l i t y  ---------------- 
Adams Creek 

30 J u l .  
Adams Creek 

30 J u l .  
Adams Creek 

13  Aug. 
@ Adams Creek 

1 3  Aug. 
Wallpack C. 
Wallpack C. 
Wallpack C. 
Wallpack C. 
B u s h k i l l  Acc. 
B u s h k i l l  Acc. 
B u s h k i l l  Acc. 
B u s h k i l l  Acc. 
K i t t a t i n n y  M t .  
K i t t a t i n n y  M t .  
S u n f i s h  Pond 
S u n f i s h  Pond 
M t .  Minsi  
M t .  Minsi  



When cleaning the lichens for analysis it was noticed 

that the lichens from Mt. Minsi and Kittatinny Mt. were very 

brittle and this may indicate poor healty of the lichens. 

Erbisch et al. (1977) found that radiation damaged lichens 

broke easier and had less tensile strength. 

The sulfur levels found in the Delaware lichens are 

higher than the levels found in known clean areas. There are 

no literature reports for sulfur for p. ca~exata or p. rudecta 

but levels for C. ranqiferinq may be as low as 200-300 in the 

arctic (Tomassini et al, 1976). The sulfur levels in this 

species from Delaware range from 580 to 790 ppm and this is 

significantly higher than for the same species in Acadia NP 

(488), Voyageurs NP (342) and Isle Royale (360). The sulfur 

levels in p. rudecta range from 1150-1800 ppm and this is 

similar to levels found in this species in Cuyahoga Valley NRA 

where pollution is know to be heavy. 

Different species may accumulate different amounts of 

elements and this is evident when comparing sulfur levels 

between the species. C. ranqiferina has lower levels than 

either parmelia caperata or p. rudecta. There is no trend in 

sulfur levels in Delaware Water Gap between localities, at 

different dates or different trees. 

Of the other elements, zinc is especially high in P. 

rudecta and p. ca~erata at all localities and lead is higher 

at Mt. Minsi. The high zinc indicates widespread air pollution 

and the high lead at Mt. Minsi probably is because the 



l o c a l i t y  is d i r e c t l y  above t h e  i n t e r s t a t e  expressway. 

There is a l s o  a  s i g n i f i c a n t  d i f f e r e n c e  i n  elemental  

l eve l s  between t r e e s  of t h e  same spec ies  a t  t h e  same l o c a l i t y  

but only s l i g h t  d i f f e r e n c e  between t r e e  spec ies .  

CONCLUSIONS 

The p resen t  l i c h e n  f l o r a  of t h e  park is considerably l e s s  

d iverse  than  t h a t  reported 100 yea r s  ago with a  l o s s  of 64% of 

the  spec ies .  Many of t h e  spec ies  most s e n s i t i v e  t o  s u l f u r  

dioxide a r e  no longer present  including many of t h e  l i c h e n s  

with b lue  green algae.  The d i s t r i b u t i o n s  of t h e  s e n s i t i v e  

species  a r e  absent  i n  t h e  southeas t  i n d i c a t i n g  higher 

pol lu t ion  there .  The l i c h e n s  a t  ridge-top l o c a l i t i e s  i n  t h e  

southeast  have few spec ies  and t h e  ones p resen t  a r e  i n  poor 

health. The elemental  a n a l y s i s  shows no s i g n i f i c a n t  t r e n d s  i n  

accumulation l e v e l s  but  a l l  s u l f u r  l e v e l s  a r e  higher than i n  

clean areas .  There is apparent ly both a  broad regional  

pol lu t ion  and an a d d i t i o n a l  l o c a l  p o l l u t i o n  e n t e r i n g  t h e  park 

from t h e  southeas t .  

RECOMMENDATIONS 

Air q u a l i t y  monitoring instruments should be set up i n  

the southeas tern  p a r t  of t h e  park t o  monitor l e v e l s  of 

pol lu tants  there .  They should be loca ted  on M t o  Minsi o r  M t o  

$ammany or  near t h e  r i v e r  on t h e  e a s t  s i d e  of t h e  water gap. 

2he r idgetop s i t e s  would r e f l e c t  l e s s  inf luence  from t h e  

Ughway. Also, d a t a  should be obtained on t h e  e f f l u e n t s  from 

b a r b y  smokestacks. 
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APPENDIX I 

C o l l e c t i o n  L o c a l i t i e s  

C o l l e c t i o n  numbers a r e  t h o s e  of C l i f f o r d  Wetmore. A l l  

c o l l e c t i o n s  a r e  l i s t e d  i n  ascending order  by c o l l e c t i o n  number 

and d a t e  of c o l l e c t i o n .  

Pike Co., Pa. 

55710- 1 mi l e  SW of Milford,  southwest  of go l f  course .  Along 
55742 SW s l o p e  of h i l l  S of highway i n  sugar  maple, h ickory  

and oaks, e l ev .  900 f t .  29 J u l y  1986. 

55743- Raymondskill F a l l s  (1.5 m i  SW of Mi l ford) .  Around f a l l s  
55782 and stream and on rocks  SW of f a l l s  i n  hemlocks, e l e v .  

600 f t .  29 J u l y  1986. 

55783- Northwest of Milford Cemetery a t  sou th  edge of 
55810 Milford.  On h i l l s i d e  and a long  edge of cemetery w i t h  

mixed hardwoods, elev. 640 f t .  29 J u l y  1986. 

55811- Dingmans F a l l s .  On r i d g e s  sou th  of  f a l l s  and a long 
55834 s t ream ( 3  miles SW of Mi l fo rd ) .  Hemlock wi th  some 

hardwoods, e lev .  600 f t .  30 J u l y  1986. 

55835- Near headwaters of Dry Brook (4.25 miles SW of 
55879 Mi l ford) .  Around h i l l t o p  wi th  p i n e s  and hickory and 

on rocky kno l l ,  e lev .  900 f t .  30 J u l y  1986. 

55880- Half m i l e  NE of Adams Creek (5.5 miles SW of Mi l ford) .  
55920 Along c l i f f s  and r idge top  above s h a l e  p i t .  Open oak- 

h ickory  f o r e s t  wi th  some p i n e s  and jun ipe r ,  e lev .  600 
f t .  30 J u l y  1986. Chemical a n a l y s i s .  

55921- Hornbecks Creek, 1 mi l e  from highway 209 (2  miles SSW 
55944 of Dingmans Fer ry  Br idge) .  On k n o l l  n o r t h  of road on SW 

f a c i n g  s l o p e  wi th  mixed hardwoods and some p i n e s  and 
hemlock, e l ev .  880 f t .  1 August 1986. 

55945- 1 mi l e  SE of Pocono Education Center  (4  m i l e s  S of 
55984 Dingmans Fe r ry  Bridge) .  On r i d g e  N of road wi th  oaks  and 

rock ou tc rops ,  e l ev .  700 f t .  1 August 1986. 

55985- Northeast  branch of Toms C r e e k ,  ha l f  m i l e  from highway 
56019 209 ( 3  -5 miles  NE of Bushk i l l )  . I n  deep v a l l e y  wi th  

hemlock, sugar  maple and a long roadbanks, e lev .  700 f t .  
1 August 1986. 

56020- 2 miles NE of Bushki l l .  Along r i d g e  and v a l l e y  NE of  



56069 road wi th  oaks,  hardwoods and some p i n e  and hemlock, 
e lev .  700 f t .  3 August 1986. 

56070- 1 m i l e  west of Bushki l l .  On s l a t e  r i d g e t o p  wi th  oaks,  
56105 hickory and some p ine ,  e lev .  840 f t .  3 August 1986. 

Monroe Co., Pa. 

56106- Peninsu la  2 miles NE of park headquar te rs ,  2 miles E 
56122 of Bushki l l .  Lowland f o r e s t  a long Delaware River w i th  

ash ,  s i l v e r  maple, b i r c h ,  basswood and t u l i p  t r e e ,  
e lev .  350 f t .  3 August 1986. 

Sussex Co., N. J. 

56123- 1.5 miles WNW of  H a i n e s v i l l e  ( 4  miles S of Mi l fo rd ) .  
56167 Along west f a c i n g  s l o p e  of r i d g e  NE of  highway junc t ion  

i n  mixed hardwood f o r e s t  wi th  some p ines ,  e lev .  550 f t .  
4 August 1986. 

56168- 1 m i l e  S of Milford,  E of highway 206 near  E bank of 
56187 Delaware River.  Along stream v a l l e y  wi th  mixed 

hardwoods, sugar  maple, a sh  and some oak, e lev .  440 f t .  
4 August 1986. 

Monroe Co., Pa. 

56188- H i l l t o p  h a l f  m i l e  E of Hidden Lake (3.5 m i l e s  SSW of 
56221 Bushk i l l ) .  On r i d g e  wi th  some openings i n  oaks,  maples 

and b i r c h ,  e lev .  840 f t .  5 August 1986. 

56222- High peak ha l f  m i l e  NW of  Tocks I s l a n d  ( 6  mi l e s  SW of 
56264 B u s h k i l l ) .  On peak wi th  l imes tone  i n  f o r e s t  of oaks,  

h ickory,  a s h  and basswood, e lev .  860 f t .  5 August 1986. 

56265- Along sho re  of Delaware River oppos i t e  Poxono I s l a n d  
56276 (3  miles S of B u s h k i l l ) ,  A t  s h o r e l i n e  w i th  oaks,  ash ,  

walnut,  sumac and brush,  e l ev .  320 f t .  5 August 1986. 

Sussex Co., N. J. 

56277- Half m i l e  n o r t h  of Dingmans Fe r ry  Bridge on E s i d e  of 
56297 Delaware River.  I n  g r a v e l  p i t  and surrounding p i n e s  and 

brush,  e lev .  460 f t .  6 August 1986. 

56298- Ind ian  H i l l s ,  1 m i l e  NW of Long P ine  Pond (4  miles S of 
56334 Wallpack Cen te r ) .  On g r a n i t i c  r i d g e  wi th  few p i n e s  and 

oaks,  e lev .  1200 f t .  7 August 1986. 

Monroe Co., Pa. 

56335- M t ,  Minsi 4 m i l e s  E of Stroudsburg.  On r idge top  near  
56362 o l d  f i r e  tower i n  oaks  and some p ines ,  e lev .  1450 f t .  8 



August 1986. Chemical analysis. 

56363- South edge of town of Delaware Water Gap along 
56377 Appalachian Trail. Along ridge above river by trail in 

oak-ash forest, elev. 550 ft. 8 August 1986. 

Sussex Co., N. J. 

56378- 1 mile south of Peters Valley (2 miles SE of Dingmans 
56423 Ferry Bridge). On hill W of highway with limestone 

outcrop and oaks, hickory and some pines, elev. 700 ft. 
9 August 1986. 

56424- 2 miles S of Wallpack Center. On low ridge with 
56478 hickory and oaks and some limestone boulders, elev. 600 

ft. 9 August 1986. Chemical analysis. 

56479- 3 miles S of Wallpack Center. On steep hill 
56502 overlooking Delaware River along old mine road with 

hickory, sugar maple, hemlock and oaks, elev. 500 it. 9 
August 1986. 

Warren Co., N. J. 

56503- Half mile NW of Millbrook (2.5 miles E of Bushkill). On 
56532 ridge along trail in oaks, hickory, junipers and some 

pines, elev. 900 ft. 10 August 1986. 

56533- 1 mile S of Millbrook at Appalachian Trail (3 miles SE 
56550 of Bushkill). Around swamp and stream with oaks, maples 

and hemlock, elev, 1270 ft. 10 August 1986. 

56551- Kittatinny Mountain along Appalachian Trail 1.5 miles 
56578 S of Poxono Island. On ridgetop with oaks and rock 

openings, elev. 1460 ft. 10 August 1986. Chemical 
analysis. 

56579- One mile S of Poxono Island along creek up from old 
56615 copper mine area. On level open area half way to ridge 

with oaks, hickory and rocks, elev. 950 ft. 11 August 
1986. 

56616- Worthington State Forest. Ridge N of Sunfish Pond (6 
56638 miles NE of Stroudsburg). On ridge NW of pond with oaks 

and few maples and hickory, elev. 1440 ft. 11 August 
1986. Chemical analysis. 

56639- Worthington State Forest. Mt. Tammany (5 miles E of 
56666 Stroudsburg). On ridge NE of gap with oaks, maple and 

some hickory and rock outcrops, elev. 1520 ft. 12 August 
1986. 

56667- Worthington State Forest. Along Dunnfield Creek 1 mile 



56694 from Delaware River ( 4  miles E of S t roudsburg) .  I n  l e v e l  
a r e a  up from creek i n  opening wi th  oaks,  e l ev .  700 f t .  
12 August 1986. 

Pike Co., Pa. 

56695- H i l l  above Bushk i l l  Access ( 2  miles NE of B u s h k i l l ) .  
56729 On high h i l l  above s h a l e  p i t  wi th  oaks,  e l ev .  800 f t .  

13  August 1986. Chemical a n a l y s i s .  

Sussex Co., N. J. 

56730- J u s t  N of Milford Bridge. Along east  s h o r e  of  Delaware 
56738 River on s h o r e  rocks ,  e lev .  400 f t .  13  August 1986. 

Monroe Co., Pa. 

56739 2 miles SW along highway 209 from Bushki l l .  On p i c n i c  
t a b l e  i n  yard a t  Wade House, e lev .  460 f t .  1 3  August 
1986. 
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Fig. 1. Open c irc les  are col lect ion l o c a l i t i e s ,  so l id  c irc les  
are elemental analysis l o c a l i t i e s .  



APPENDIX I1 

Species S e n s i t i v e  t o  Sul fur  Dioxide 

Based on t h e  l i s t  of l i chens  with known s u l f u r  d ioxide  

s e n s i t i v i t y  compiled from t h e  l i t e r a t u r e ,  t h e  fol lowing 

spec ies  i n  Sequoia National Park f a l l  wi th in  t h e  S e n s i t i v e  and 

S e n s i t i v e / ~ n t e r m e d i a t e  ca tegor ies  a s  l i s t e d  by Wetmore, 1983. 

Sens i t ive  spec ies  (S) a r e  those  p resen t  only under 50ug s u l f u r  

dioxide per  cubic meter (average annual) .  The intermediate  

category includes spec ies  present  between 50ug and 100ug. The 

S-I group f a l l s  between t h e  S e n s i t i v e  and Intermediate  

ca tegor ies .  Open c i r c l e s  a r e  l o c a l i t i e s  where t h e  spec ies  was 

not found and s o l i d  c i r c l e s  a r e  where it was found. 

Note: Refer t o  t e x t  f o r  i n t e r p r e t a t i o n  of t h e s e  maps and 

precaut ions concerning absence i n  p a r t s  of t h e  park. 

F i g . 2  S  
F i g . 3  S  
F i g . 4  S  
F i g . 5  S  
Fig. 6 S-I 
Fig. 7 S-I 
Fig .  8 S-I 
F ig .  9  S-I 

mnflauoruhescens 1 c o l l e c t i o n  
andxoavna 1 c o l l e c t i o n  

parmelia w r r o s a  11 c o l l e c t i o n s  
32iUwUa gubaurif era 6 c o l l e c t i o n s  
Candelar ig ~ o n c o l o ~  5 c o l l e c t i o n s  

. a .  

t h o s t i w  1 c o l l e c t i o n  
a t r a r i a  ~ l l i a r l g  3  c o l l e c t i o n s  
gsnea h i r t a  1 c o l l e c t i o n  





F i g .  3 .  Ochrolechia androgyna 



Fig. 4 .  Parmelia squarrosa 
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F i g .  5 .  Parmelia subaurifera 



Recreation Area 

Fig. 6 .  Candelaria concolor 
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Fig. 7. Candelariella xanthosti~ma 
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Fig. 8 .  Cetraria c i l i a r i s  



F i g .  9. Usnea hirta 
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