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FOREWORD 

Syncrude Canada Ltd. commissioned Douglas 

Ecological Consultants Ltd. to undertake a study of 

the feasibility of establishing a network of lichen 

plots. The extent of the impact of atmospheric sulfur 

on vegetation can be predicted with such a network, 

since lichens will show signs of stress well before 

higher plant species. This monograph consists of 

Douglas's final report to Syncrude, recommending that 

a such network be established. During 1976 Syncrude 

followed through on this recommendation. 

It is Syncrude's policy to publish its 

consultants' final reports as they are received, with- 

holding only proprietary technical information or that 

of a financial nature. Because we do not necessarily 

base our decisions on just one consultant's opinion, 

recommendations found in the text should not be con- 

strued as commitments to action by Syncrude. 

Syncrude Canada Ltd. welcomes public and 

scientific interest in its environmental activities. 

Please address any questions or comments to Syncrude 

Environmental Affairs, Box 5790, EDMONTON, Alberta, 

T6C 4G3. 
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ERRATA 

Table 1 should be entitled "Composition of lichen communities 

on trunks in original sample stands." 

Table 2 should be entitled "Composition of lichen communities 

in resurveyed stands." 

Table 3 should be entitled "Composition differences of lichen 

communities on branches in original sample stands." 

Table 4 should be entitled "Composition of lichen communities 

on branchesin original sample stands." 

Table 5 should be entitled "Cmposition of lichen communities 

on branches in resurveyed stands." 

( a) Abbreviations used in tabl'es 

C: Cover 

F: Cover Frequency 

PV: Prominence Value 

Values listed represent above parameters f standard deviation. 

p. 14 .. mosaic of our major" should read "..Mosaic of four major.." 

p. 58 " . . . . centraria . . . " " " ". . . . cetraria ..." 
p. 68 "..F. LeblanKn "..k'. Lebland". 



AUTHOR'S NOTE 

During the summer of 1975 a study of the 

technical and economic feasibility of establishing 

a biological monitoring grid network using lichens 

was undertaken by Douglas Ecological Consultants Ltd. 

for Syncrude Canada Ltd. in the Fort McMurray region. 

This study was not designed to examine lichen diversity 

or abundance nor to detect any changes that may have 

already taken place in the region. As a result of the 

1975 study a lichen monitoring network was considered 

feasible and was established in 1976. This biological 

monitoring network will enable detection of changes 

in lichen diversity and abundance, thus providing an 

"early warning system" with'respect to future 

biological changes in the region. 

George W. Douglas 

Douglas Ecological Consultants 

Victoria, B.C. 



ABSTRACT 

A study was undertaken in 1975 to determine 

the scientific, technical and economic feasibility 

of establishing air pollution effect gradients using 

lichenological methods on a radially arranged pattern 

of observation sites. 

The data acquired from 12 lichen sample plots 

indicate that the flora is sufficiently rich and wide- 

spread to allow establishment of a lichen air quality 

monitoring system. A grid network, containing 56 

permanent plots, will provide adequate coverage of 

the region. Partial resurveys should be conducted 

annually, at least during the first years of the 

Syncrude plant's operation. Complete resurveys will 

only be required if a partial resurvey indicates 

adverse changes are occurring. 



1. INTRODUCTION 

The sensitivity of lichens to air pollution was 

first noted in Paris more than a century ago (Nylander, 1866). 

During recent years, botanists have analyzed lichen populations 

around major sources of pollution to determine how the lichens 

have been affected. They have also been interested in finding 

species that are most sensitive to air pollution and that possibly 

may be used as biological indicators of air pollution. Some of 

these studies have been conducted in North America (Brodo, 1966; 

Rao & LeBlanc, 1967; LeBlanc & DeSloover, 1970; Nash, 1971, 1972; 

LeBlanc, et a2 , 1972; Mathis & Tomlinson, 1972; LeBlanc, e t  aZ, 

1974). Studies in Europe include Skye (1958), Fenton (1960, 

19641, Gilbert (1965, 1970), Skye & Hallberg (1969), and 

Hawksworth & Ross (1970). Ferry, et aZ, (1973) have summarized 

the literature. 

Past studies of lichens in relation to air 

pollution have always been conducted around long established 

sources of pollution. Many of these pollution sources have 

created "lichen deserts" in inmediately adjacent areas, lending 

themselves nicely to the construction of lichen distribution maps, 

or to the formulation of zones of pollution based on the gradual 

appearance of certain species and the number of species in lichen 

communities at varying distances from the pollution source 

(Hawksworth & Rose, 1970). DeSloover & LeBlanc (1968) developed 

a statistic called the Index of Atmospheric Purity, in which 

pollution zones are mapped and characterized by certain species 

which were found to be sensitive or, in some cases, resistant 

to air pollution. 



Lichens are prominent in the floras of most areas 

of the earth. Due to their sensitivity to air pollution, 

researchers are often able to determine if the air is relatively 

pure or not by noting the composition and luxuriance of a lichen 

flora within a given region. Lichens may provide an "early 

warning system" indicating that air pollution is promoting 

biological changes in the ecosystem. This prompted Gilbert 

(1970), working in England, to suggest that people with respiratory 

disorders should try to live in areas having a rich lichen flora. 

He also suggested that farmers and city planners should select 

pollution resistant strains of rye and shade trees if their areas 

are devoid of lichens. Other advantages in studying lichens in 

relation to air pollution includes: 1) a given lichen flora 

reflects the average, cumulative effects of air pollution over 

a long period of time, 2) data from lichen studies supplement 

those gathered by SO2 monitoring devices, and, lichens are also 

excellent for comparative photographic records over a period of 

time, since they do not change appreciably (aside from limited 

growth) from season to season or year to year as do most other 

plants. 



OBJECTIVES 

To determine t h e  s c i e n t i f i c ,  t e c h n i c a l  

and economic f e a s i b i l i t y  of a i r  p o l l u t i o n  

e f f e c t  moni tor ing us ing  l i c h e n s  i n  

a s s o c i a t i o n  wi th  a i r  moni tor ing sites. 

To determine t h e  s c i e n t i f i c ,  t e c h n i c a l  

and economic f e a s i b i l i t y  of e s t a b l i s h i n g  

a i r  p o l l u t i o n  e f f e c t  g r a d i e n t s  u s ing  

l i c h e n o l o g i c a l  methods on a r a d i a l l y  

arranged p a t t e r n  of obse rva t ion  sites. 

To add t o  Syncrude 's  g e n e r a l  i nven to ry  

of environmental  in format ion  by t h e  

c o l l e c t i o n  of l i c h e n  f l o r i s t i c  d a t a .  



3. METHODS 

Data Analysis 

Twelve sampling plots were established, ten of 

which were located in spruce communities. Associations dominated 

by white spruce (Picea gZauca) and by black spruce (P. mariana) are 

the most common and widespread in the Fort McMurray area. In 

some local situations larch (Larix Z d c i n a )  is more abundant than 

spruce and displays a similar lichen flora; consequently larch 

communities can be used in areas that lack an adequate spruce 

population. Of the two non-spruce areas sampled in this study, 

one was a larch stand, while the other was an aspen (PopuZus 

tremuloides) community. The aspen community was situated adjacent 

to a sulfur dioxide monitoring station; this location may provide 

an opportunity to correlate atmospheric SO readings with 
2 

reactions in the lichen flora. Aspen also supports species not 

found on spruce, a circumstance which adds to the diversity of 

species studied. Two disadvantages of using aspens, however, 

are that they do not provide a good substrate (habitat) for 

lichens in the study area and that they are less widespread than 

spruce. 

At each plot, 40 permanent quadrats were 

established-20 on trunks and 20 on branches. The selection of 

a stand was based on the availability of both suitable branches and 

trunks. Only living, apparently healthy trees with a diameter at 

breast height (DBH) of greater than 12 cm were used. Permanent 

trunk quadrats were established within a 10 by 20 cm wire 

rectangle strung on nails driven into the trees. Quadrats were 

divided into eight equal sections and estimates of cover, frequency 



(number of i n d i v i d u a l  t h a l l i  p e r  q u a d r a t )  w e r e  made. The 

abundance f i g u r e  w a s  o f t e n  d i f f i c u l t  t o  determine when t h a l l i  

merged o r  when l a r g e  numbers of s m a l l  t h a l l i  w e r e  p r e s e n t .  

such c a s e s ,  abundance was recorded as numerous. One o r  two 

( r a r e l y  s i x )  t runk  quadra t s  were p laced  on each tree. It i s  b e s t  

t o  use  no more than  two q u a d r a t s  p e r  t r e e .  Th i s  l e s s e n s  t h e  

chances of l o s i n g  t o o  many q u a d r a t s  due t o  t h e  d e s t r u c t i o n  of a 

few t r e e s  on t h e  p l o t .  

The f requency and cover v a l u e s  ob ta ined  i n  t h i s  

s tudy  were conver ted t o  prominence v a l u e s ,  both  f o r  ea sy  recogni-  

t i o n  of t h e  most prominent o r  important  s p e c i e s  i n  a g iven  p l o t  

and f o r  p o s s i b l e  f u t u r e  u se  i n  ana lyz ing  changes i n  t h e  l i c h e n  

f l o r a .  Prominence va lues  were c a l c u l a t e d  by m u l t i p l y i n g  cover  

by t h e  square  r o o t  of t h e  f requency of each s p e c i e s  i n  each p l o t .  

This  index i s  a mod i f i ca t ion  of t h e  procedure  used by B e a l s  (1960) 

Each quadra t  w a s  marked wi th  a p l a s t i c  t a g  on which 

t h e  p l o t  and quadra t  numbers w e r e  recorded.  Trees  w i t h i n  each  

p l o t  w e r e  marked wi th  surveyors1  f l a g g i n g  t a p e  and t h e i r  p o s i t i o n  

was mapped t o  f a c i l i t a t e  r e l o c a t i o n .  Color photographs were 

t aken  of each q u a d r a t  us ing  a s i n g l e  l e n s  r e f l e x  camera and 

n a t u r a l  l i g h t .  P l o t  and q u a d r a t  numbers were inc luded  i n  each  

photograph. 

Permanent branch q u a d r a t s  were e s t a b l i s h e d  us ing  

a 25 cm segment of  a branch. The 25 cm segment, measured from 

t h e  end of t h e  branch,  was subdivided i n t o  f i v e  segments t o  

f a c i l i t a t e  q u a n t i t a t i v e  e s t i m a t e s .  Frequency and abundance 

d a t a  were recorded f o r  each branch quadra t  and 10 branches  w e r e  

photographed on each p l o t .  

P l o t  Locat ions  

E igh t  of t h e  1 2  p l o t s  e s t a b l i s h e d  du r ing  1975 w e r e  

l o c a t e d  sou th  of t h e  Syncrude l e a s e  a long t h e  F o r t  McMurray - 



Fort McKay highway (Figs. 1, 2, 3, and 4) . The remaining four 

plots (plots 9-12) were located along the southern boundary of 

the Syncrude lease (Figs. 1 and 5). 

Taxonomic Considerations 

There are few taxonomic problems involving the 

lichen flora of the Fort McMurray area, but some difficulty is 

encountered in the field identification of several groups. 

AZectoria, RamaZina, and Usnea are not well known in North America 

and even if they were better known, intermediate specimens or 

chemical characters used for identification make some of them 

difficult or impractical to identify in the field.' All but two 

specimens of AZectoria examined and collected were A. gZabra, but 

other species (A. fuscescens, A. fremontii,  A. nadvornikiana) could 

occur and should be looked for during future work. The major 

problem with RamaZina in the field is that a small R. fas t ig ia ta  

could be mistaken for R. minuscuZa. Usnea is the most difficult 

genus. The species may be divided into two groups. The most 

common are the "tufted" Usneas, which are not much longer than 

broad (rarely over 10 cm long). This group of poorly defined 

species may someday be lumped into one or two species. It is 

impractical to try to differentiate these forms in the field, 

since the number of individuals is great and since they must 

be partly destroyed for chemical identification. It is best 

to refer to the group as "tufted" Usneas. The second, less 

common, group may be differentiated as "pendulous" Usneas 

(much longer than broad). These grow mostly on larch trees 

and consist mainly of Usnea aZpina. Squamules of CZadonia 

sometimes occur in trunk quadrats near the ground. These 

fragments are not identifiable. 



FORT MACKAY 

Figure 1. Location of p lo t s  established during 1975. 
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Figure 2. Detailed location of plots 1,3,7 and 8. 
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Figure 3. Detailed location of plots 2 and 4. 



Figure 4. Detailed location of plots 5 and 6. 



Figure 5. Detailed location of plots 9,10,11 and 12. 



Nomenclature, a u t h o r i t i e s ,  taxonomy, and common 

names fo l low Moss (1959) f o r  v a s c u l a r  p l a n t s ,  Crum et a2 (1973) 

for mosses, and, w i t h  t h e  except ion  of Anaptychia and CZadina, 

Hale and Culberson (1970) f o r  l i c h e n s .  



4. RESULTS 

General Vegetation of the Area 

In the Fort McMurray area a mosaic of our major 

forest types may be distinguished (Fig. 6). These types are 

dominated by either white spruce (Picea gZauca), black spruce 

(Picea mariana) , j ack pine (Pinus banksiana) , or aspen (PopuZus 

tremutoides) . 

White Spruce Forest Type 

The white spruce forest type is widespread in the 

area and occurs mainly on well-drained, mesic to moderately dry 

glacial till deposits (Fig. 7). The several stands examined 

during this study had a white spruce canopy cover ranging from 

30 to 60%. Occasionally aspen or balsam poplar (PopuZus 

baZsamifera) may occur as a minor component in the canopy. Tree 

reproduction in the understory consisted almost solely of white 

spruce. 

Prickly rose (Rosa acicutaris) and buff alo-berry 

(Shepherdia canadensis) are the most prominent species in the tall 

shrub stratum. Low-bush cranberry CV3bmwn eduZe) and beaked 

willow (SaZix bebbiana) are also consistent but less abundant 

shrubs in this forest type. 

The herbaceous stratum is dominated by twin-flower 

(Linnaea borealis) , bunchberry (Cornus Canadensis), and bastard toad- 

flax (GeocauZon Zividwn). A dense carpet of mosses (mainly 

PZeuroziwn schreberi and HyZocomiwn splendens) usually occurs in 

the stands. 



Figure 6. Typical vegetation mosaic in the Fort McMurray region. White spruce and aspen dominate the better drained 
sites while black spruce dominates the poorly drained sites. 
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Figure 7. An example of a white spruce stand. 



The l i c h e n  f l o r a  of t h e  whi te  spruce  f o r e s t  type  

is r e l a t i v e l y  r i c h  and t y p i c a l  of  b o r e a l  r eg ions .  ParmeZia 

suZcata and Usnea sorediifera a r e  t h e  major s p e c i e s  on most branches  

and tree t runks .  Hypogymia physodes i s  a l s o  important  on t h e  

l a t te r  s u b s t r a t e .  The on ly  c o n s i s t e n t  ground l i c h e n  i s  PeZtigera 

aphthosa. Large downed l o g s  i n  t h i s  f o r e s t  type  are o f t e n  

covered wi th  Pameliopsis ambigua, CZadonia s p e c i e s ,  and Hypogymia 

physodes. 

4 . 1 . 2 .  Black Spruce F o r e s t  Type 

The b lack  spruce  forest type  i s  a l s o  widespread 

i n  t h e  F o r t  McMurray area and i s  a s s o c i a t e d  wi th  poor ly  d r a i n e d ,  

mo i s t  s i tes  (F ig .  8 ) .  Stands  of t h i s  t ype  a r e  dominated by 

b l ack  spruce  wi th  canopy covers  of 30 t o  80%. Larch i s  o f t e n  

an  important  s p e c i e s  i n  t h e s e  s t ands .  

Labrador tea (Ledwn groenZandicm) i s  u s u a l l y  t h e  major 

s p e c i e s  i n  t h e  t a l l  shrub s t ra tum.  Important  low shrub and he rb  

s p e c i e s  i nc lude  bog c ranbe r ry  (Vacciniwn vi t is- idaeal ,  marsh r eed  

g r a s s  (CaZamagrostis canadensis), and woodland h o r s e t a i l  (Equisetm 

syZvaticwn). Mosses o f t e n  prov ide  a n e a r l y  cont inuous cover  on 

t h e  f o r e s t  f l o o r .  The most f r e q u e n t  s p e c i e s  encountered i n  t h e  

s t a n d s  examined was PZeuroziwn schreberi. Important  a s s o c i a t e s  

i n  t h e  cryptogamic stratum inc lude  Sphagnwn sp., Tomenthypnwn nitens,  

AuZocomniwn palustre, and Dicranwn sp. 

The l i c h e n  f l o r a  of t h e  b lack  spruce  f o r e s t  type  

i s  r e l a t i v e l y  r i c h  and q u i t e  s i m i l a r  t o  t h a t  found i n  t h e  whi te  

spruce  f o r e s t  type .  PamneZia suZcata and Usnea sorediifera are t h e  

most important  s p e c i e s  on branches  and tree t runks .  Evernia 

mesomorphs i s  a l s o  f r e q u e n t  on branches  wh i l e  Hypogymnia physodes 

i s  common on t r e e  t runks .  Prominent ground l i c h e n s  i n c l u d e  

Peltigera aphthosa, CZadonia gracizis, C .  mi t i s ,  and C. rangiferina. 

Rotten l o g s  a r e  o f t e n  overgrown by Pamnelia suZcata, Hypogymnia 

physodes and CZadonia s p e c i e s  (Fig .  9 )  . 



Figure 8. An example of a black spruce stand. 



Aspen Fores t  Type 

The aspen f o r e s t  t ype  i s  q u i t e  common i n  t h e  a r e a ,  

due t o  t h e  f r equen t  f i r e s  t h a t  have occur red  i n  t h e  p a s t  (F ig .  

1 0 ) .  These s t a n d s  a r e  dominated by a c lo sed  canopy of aspen.  

Paper b i r c h  (BetuZa papyriferal i s  a l s o  a f r equen t ,  b u t  less 

important  a s s o c i a t e .  

The t a l l  shrub  s t r a tum i n  t h e  s t a n d s  examined was 

w e l l  developed and dominated by low-bush c ranbe r ry ,  beaked 

haze lnu t  (Cory Zus cornuta) , p r i c k l y  r o s e ,  g reen  a l d e r  (Atnus cr ispa)  . 
and se rv i ce -be r ry  (AmeZanchier aZnifoZia). Major s p e c i e s  i n  t h e  

low shrub and herb s t r a tum inc lude  twin-flower,  wi ld  s a r s a p a r i l l a  

(AraZia nudicauZis) , and showy a s t e r  (Aster conspicuous). F e w  mosses, 

o t h e r  t han  Brachythecim s p e c i e s  a t  t h e  base  of aspens ,  occur  i n  

t h i s  type.  

Due t o  t h e  extremely smooth bark of aspens  i n  t h e  

a r e a  t h i s  f o r e s t  t y p e  i s  extremely depauperate  w i th  r e s p e c t  t o  

l i c h e n s .  Only one s t and  was encountered which had bark s u f f i -  

c i e n t l y  rough t e x t u r e d  t o  suppor t  l i c h e n  growth (Fig .  11). I n  

t h i s  s t and  Physcia a ipo l ia ,  which i s  r a r e  on c o n i f e r s ,  occur red  

q u i t e  f r e q u e n t l y  . Seve ra l  o t h e r  l i c h e n s  (Physcia adscendens, 

CaZop Zaca spec ies ,  Cande Zarie Z Za v i t e  ZZina, and Xanthoria poZy carpa) 

w e r e  a l s o  encountered s o l e l y  i n  t h i s  aspen s tand .  

Jack  P ine  F o r e s t  Type 

This  f o r e s t  type  i s  less common i n  t h e  area, 

occu r r ing  mainly on sandy r i d g e s .  S ince  an a e r i a l  reconna issance  

r e a d i l y  i n d i c a t e d  t h a t  t h i s  f o r e s t  type  could no t  be  used f o r  a 

g r i d  network i n  t h e  a r e a  no s t a n d s  were sampled. I n  a d d i t i o n  

t h e  two jack p i n e  s t a n d s  b r i e f l y  examined on t h e  ground had a 

r e l a t i v e l y  poor l i c h e n  f l o r a  compared t o  t h e  spruce  s t ands .  



Figure 9. Panneli sukata dominates this fallen tree in a Madt spruce stand. 
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Figure 10. An example of an aspen stand. 



Figure 11. Physcia adscendens and P. aipolia are the only conspicuous lichens in this aspen quadrat. 



Lichens Used i n  t h e  S t u d y  

4.2.1. Aspen F o r e s t  Type 

I n  t h e  s i n g l e  aspen s t a n d  examined, t h e  f o l i o s e  

l i c h e n s  Physcia adscendens and P. aipolia w e r e  t h e  dominant s p e c i e s .  

F r u t i c o s e  l i c h e n s ,  which w e r e  v e r y  prominent on c o n i f e r s ,  w e r e  

v i r t u a l l y  absen t  on aspen.  The s p e c i e s  o f  Physcia grow i n  

a s s o c i a t i o n  wi th  orange and yel low c r u s t o s e  l i c h e n s  (CaZapZaca 

and CandeZarieZZa) and wi th  t h e  f o l i o s e ,  orange l i c h e n  Xmthoria 

polyearpa. Q u a n t i t a t i v e  d a t a  a r e  e a s i l y  ob ta ined  f o r  t h e s e  

l i c h e n s ,  b u t  photography i s  of  v a l u e  on ly  wi th  Physcia s p e c i e s ,  

s i n c e  t h e  o t h e r s  are t o o  s m a l l  (Fig.  11). Aspen i s  a poor 

s u b j e c t  f o r  l i c h e n o l o g i c a l  s t u d i e s  i n  t h e  F o r t  McMurray area, 

because it suppor t s  a r e l a t i v e l y  poor f l o r a  of  most ly  s m a l l  

spec i e s .  

4.2.2. Black and White Spruce F o r e s t  Types 

The l i c h e n  v e g e t a t i o n  on c o n i f e r s  is  r i c h  i n  t h e  

F o r t  McMurray area. Seve ra l  genera  and growth forms are of 

va lue  i n  t h i s  s tudy.  F r u t i c o s e  l i c h e n s  i nc lud ing  Evernia 

rnesomorpha, A Zectoria glabra, RamaZina fastigiata, R. minuscuZa, and 

e s p e c i a l l y  Usnea s p e c i e s  a r e  common on t h e  branches  (Fig .  1 2 ) .  

ParmeZia sulcata and Hypogymnia physodes are t h e  most common f o l i o s e  

s p e c i e s  on branches.  A l l  of t h e  branch l i c h e n s  may a l s o  grow 

on t r u n k s  of spruce  trees, b u t  AZectoria and RamaZina a r e  much 

less common. ParmeZia sulcata, Hypogymnia, Evernia and Usnea are 

t h e  most important  t runk  s p e c i e s  throughout  t h e  area (Figs .  1 3  

and 1 4 ) .  These l a r g e  l i c h e n s  a r e  e a s i l y  photographed and a r e  

t h e  most important  t o  t h e  s tudy.  Less conspicuous f o l i o s e  

l i c h e n s  a r e  sometimes p r e s e n t  and may be of  importance on some 



of the trees. These include Centraria halei, C. pinastri, Parmelia 

subaurifera, and Pame Ziopsis species . 
The crustose lichens ILecanora, Lecidea, Rinodina) are 

infrequent and are usually overgrown by larger species. They 

may be included in quantitative field data but are of no use for 

photographic records. 

Data Analysis 

4.3.1. Trunk Quadrats 

Thirteen species occurred on aspen at plot one, 

Most of these were insignificant, having prominence values of 

less than one. The dominant species were Physcia adscendens and 

P. aipoZia with prominence values of 24.7 and 19.0, respectively 

(Table 1). The only other important species at this plot was 

CaZopZaca hozocarpa, with a prominence value of 12.2. This is the 

highest prominence value for any crustose lichen found in the 

study . 
The larch trees at plot 9 were dominated by 

Evernia mesomorphs, ParrneZia sulcata, and "tufted" Usneas (Table 1). 

The prominence value (145.8) for ParmeZia suZcata was the highest 

found in the study for that species. Prominence values for 

Evernia (20.4) and Usnea (67.8) were also among the highest found, 

being exceeded only in black spruce communities. Only 7 species 

were found on larch, but the three dominants were abundant and 

luxuriant . 
Three plots were established in black spruce 

communities, which supported 10-11 species per plot. The 

quadrats were dominated by "tufted" Usneas. Usnea at plot 2 

had a prominence value of 323-8, which was the highest value for 

any species recorded in the study (Table 1). The lowest promi- 

nence values for ParmeZia suZcata were recorded on black spruce. 



Figure 12. Evernia mesomorpha, "tufted" Usneas, and Hypogymnia physodes dominate this black spruce branch. 

2 4  



Figure 13. Parmelia sulcata is,the major species in this white spruce quadrat. 

2 5  





Table 1. Composition of l ichens on trunks i n  o r ig ina l  sampled stands. 

Plot 1 - Aspen Plot  2 - Black Spruce 

- - -  

Species c a F PV C F PV 
- 

Alectoria glabra 

Caloplaca cerina 0.120.5 

Caloplaca holocarpa 1.321.2 

Candelaria concolor 0.0120.02 

Candelariella v i t  e l l i na  0.1320.14 

C e t r a r i a  ha le i  

Cetraria p inas t r i  

Cladonia spp. 

Evernia mesomorpha 

Hypogymnia physodes 

Lecanora allophana 

Lecidea glomerulosa 0 . 0920.2 

Parmelia subaurifera 0.0720.2 

Parrnelia sulcata 0.220.6 

Parmeliopsis ambigua 

Pertusaria multipuncta 0.06+_0.3 

Physcia adscendens 2.521.9 

Physcia a ipol ia  2.522.4 

Physcia orbicular is  0.07+0.2 - 
Usnea ssp. ( tuf ted)  

Xanthoria polycarpa 



Table 1. Continued 

Plot 3 - Nhite Spruce Plot  4 - Black Spruce 

-- 

Species C F PV C F PV 

Alectoria glabra 

C e t r a r i a  ha l e i  

Cetraria p inas t r i  

Cladonia spp. 

Evernia rnesomorpha 

Hypogymnia aust erodes 

Hypogymnia physodes 

Parmelia subaurifera 

Parmelia sulcata 

Parmeliopsis ambigua 

Pertusaria rnultipuncta 

Ramalina f a s t i g i a t a  

Ramalina minuscula 

Usnea spp. ( tuf ted)  

Usnea alpina 



Table 1. Continued 

Plot 5 - White Spruce Plot  6 - White Spruce 

- - - - - - - - 

Species C F PV C F PV 

Alectoria glabra 1.0+_0*7 22.590.5 7.8+,15*9 0.7~1.0 24.4~27.9 4.928.0 

C e t ra r ia  halei  0.03~0.1 1.259.9 0.120.4 

C e t r a r i a  p inas t r i  O.lk0.2 15.0+19.7 Oa7~l.1 

Evernia rnesomorpha 1.220.9 73.1fi5.7 11.2k8.4 

Hy-pogymnia austerodes 8.9~0.6 18.s+_z4.5 6.5211.5 

Hy-pogymnia physodes 

Parrnelia f laventior 

Parrnelia subaurifera 

Parmelia sulcata 

Rarnalina farinacea 

Rarnalina f a s t  ig ia ta  

Ramalina minuscula 

Usnea spp. ( tufted) 

Usnea alpina 



Table 1. dontinuea 

Plot 7 - White Spruce Plot 8 - White Spruce 

- -  

Species C F PV C F PV 
- - 

Alect or ia  glabra 

C e t r a r i a  ha l e i  

C e t r a r i a  p ina s t r i  

Cladonia spp. 

Evernia mesomorpha 

Hypogymnia aust  erodes 

Hypogymnia physodes 

Hypogymnia spp. 

Lecanora allophana 

Parmelia subaurifera 

Parmelia sulcata 

Parmeliopsis ambigua 

Pelt igera aphthosa 

Ramalina c r i na l i s  

Ramalina farinacea 

Ramalina f a s t  i g i a t a  

Ramalina minuscula 

Usnea spp. ( tuf ted)  



Table 1. Continued 

P lo t  9 - Larch P l o t  10 - d h i t e  Spruce 

Species C F PV C F PV 

Alectoria  glabra 

C e t r a r i a  h a l e i  

C e t r a r i a  p i n a s t r i  

Evernia mesomorpha 

Hypogymnia austerodes 

Hypogymnia physodes 

Parmelia subaurifera 

Parmelia su lca ta  

Ramalina minuscula 

Usnea spp. ( t u f t e d )  



Table 1. Continued 

Plot 11 - White Spruce Plot  12 - Black Spruce 

Species 

Alect or ia  glabra 

C e t r a r i a  ha le i  

Cetraria p inas t r i  

Evernia mesomorpha 

Hypogymnia austerodes 

Hypogymnia physodes 

Parmelia subaurifera 

Parmelia sulcata 

Pelt igera aphthosa 

Physcia a ipol ia  

Ramalina minuscula 

Usnea spp. ( tuf ted)  



The more moi s t  h a b i t a t  of b l ack  spruce  s t a n d s  appears  t o  favour  

growth t o  Usnea r a t h e r  than PamneZia. Evernia was a l s o  b e s t  developed 

on black spruce.  The u s u a l l y  unimportant  s p e c i e s ,  Cetraria pinastr i  

and ParmeZiopsis ambigua, were w e l l  developed a t  p l o t  2 w i t h  prominence 

v a l u e s  of 45.6 and 17.7,  r e s p e c t i v e l y .  

White spruce  communities supported t h e  l a r g e s t  

number of s p e c i e s  having 8-15 s p e c i e s  p e r  p l o t .  The dominant 

s p e c i e s  w a s  ParmeZia suZcata wi th  prominence v a l u e s  of 49.0-145.8. 

Other abundant l i c h e n s  w e r e  " t u f t e d "  Usneas, w i th  

prominence v a l u e s  of more than  30 a t  most p l o t s ,  and Evemzia 

mesomorpha and Hypogymnia spp. 

Seven of  t h e  p l o t s  w e r e  resurveyed t o  determine 

t h e  accuracy of coverage and f requency e s t i m a t e s  and t h e  sub- 

sequent  prominence v a l u e s  (Table  2 ) .  I n  many c a s e s  t h e  d i f f e r -  

ences  and t h e  s t anda rd  d e v i a t i o n s  were t o o  g r e a t  t o  d e t e c t  

s l i g h t  changes i n  t h e  l i c h e n  f l o r a  from one survey t o  t h e  nex t  

(Table  3 ) .  For i n s t a n c e ,  t h e  mean prominence v a l u e  f o r  " t u f t e d "  

Usneas a t  p l o t  8 w a s  8.5 f 1 2 . 1 .  On t h e  resurvey  it w a s  11.3  f 

15.6 f o r  a d i f f e r e n c e  of 2.7 f 5.1. The o r i g i n a l  prominence 

va lue  f o r  Evernia mesomorpha a t  p l o t  2 w a s  35.0 f 79.4. On t h e  

resurvey  it w a s  34.2 2 89.3 f o r  a d i f f e r e n c e  of 7.6 2 12.7 

(Tables  2, 3)  . Simi l a r  d i f f e r e n c e s  could be  found i n  every  

resurvey.  

4.3.2. Branch Quadra t s  

The l i c h e n  f l o r a  of  branches  i s  less d i v e r s e  t han  

t h a t  of t runks .  Nineteen s p e c i e s  w e r e  found i n  t h e  branch 

quadra t s ,  whi le  34 occurred on t r u n k s ,  b u t  t h e  development of 

l i c h e n s  on many branches w a s  ve ry  l u x u r i a n t .  For i n s t a n c e ,  

t h e  branches of  l a r c h  a t  p l o t  9 supported 11 s p e c i e s .  They 

w e r e  mostly overgrown by Evernia, PamneZia, and Usnea. 



Table 2. Composition of lichens on trunks i n  resurveyed stands. 

Plot 2 - Black Spruce Plot  3 - dhi te  Spruce 

Species C F PV 

Alectoria glabra 0.921.2 31.3+J8.2 7.8+_11.3 

C e t r a r i a  ha le i  0.220.3 13.e20.6 1.l;t2.2 

Cetraria p inas t r i  0.2~0.3 41.9s4.5 1.Q2.5 

Cladonia spp. 0.0520.2 1.325.6 0.321.1 

Evernia mesomorpha 

Hypogymnia physodes 
W 

Lecanora allophana 

Parmelia subaurifera 

Parmelia sulcata 1.6+3.5 40.696.9 

Parmeliopsis ambigua 2.Q6.2 28.7226.4 

Pertusaria multipuncta 1.Q4.5 6.4222.8 

Ramalina f a s t i g i a t a  0.03~0.l 0.6~2.8 

Ramalina minuscula 

Usnea spp. ( tuf ted)  



Table 2. Continued 

Plot 6 - White Spruce Plot  7 - White Spruce 

-- - - - 

Species C F PV C F PV 

Alect or ia  glabra 

Cetraria halei  

Cetraria pinastr i  

Cladonia ssp. 

Yellow crust  

Evernia rnesornorpha 

Hy-pogymnia aust erodes 

Lecanora allophana 

Lobaria spp. 

Parmelia subaurifera 

Parmelia sulcata 

Parmeliopsis ambigua 

Ramalina farinacea 

Rarnalina fas t ig ia ta  

Ramalina minuscula 

Usnea spp. ( tuf ted)  



Table 2. Continued 

Plot 8 - Nhit e Spruce Plot  10 - White Spruce 

Species C F PV C F PV 

Alectoria glabra 

C e t r a r i a  ha l e i  

C e t r a r i a  p inas t r i  

Cladonia spp. 

Evernia mesornorpha 

Hypogymnia austerodes 

Hypogymnia physodes 

Parmelia subaurifera 

Parrnelia sulcata 

Parmeliopsis ambigua 

Pelt igera aphthosa 

Ranaalina c r i na l i s  

Ramalina f a s t i g i a t a  

Ramalina minuscula 

Usnea ssp. ( tuf ted)  



Table 2. Continued 

Plot 11 - White Spruce 

Species C F PV 
- 

Alect oria glabra 

C e t ra r ia  halei  

Cetraria pinastr i  

Evernia mesomorpha 

Hypogymnia austerodes 

Parmelia subaurifera 

Parmelia sulcata 

Physcia aipolia 

Ramalina minuscula 

Usnea spp. ( tuf ted)  



Table 3. Composition differences of l ichens on trunks between or ig ina l  and resurveyed stands. 

Plot 2 - Black Spruce Plot  3 - Nhite Spruce 

Species C F PV C F PV 

Alectoria glabra 0.7~0.8 2 .5~503 5.72703 

C e t r a r i a  ha le i  0.220.6 1.324.0 l . l ~ . l  

Cetraria p inas t r i  0.1&0.2 4.27.9 0.7~1.3 

Evernia mesomorpha O.Ql.3 0.02~0.06 7.6+_12.7 

Hypogymnia austerodes 

Hypogymnia physodes 

Parmelia subaurifera 

Parmelia sulcata 

Parmeliopsis ambigua 

Pertusaria multipuncta 

Ramalina f a s t i g i a t a  

Ramalina minuscula 

Usnea spp. ( tuf ted)  



Table 3. Continued 

Plot 6 - White Spruce Plot  7 - White Spruce 

Species C F PV C F PV 

Alectoria glabra 3.h7.8 6.3~8.8 h.Qt5.5 

Cetraria ha le i  0.qtO.O O.ck_O.O 0.qtO.O 

Cetraria p inas t r i  0.3~0.6 205~5.3 1.1~2.0 

Cladonia spp. 

Yellow crust  

Evernia mesomorpha 
W 

Hypogymniaausterodes 

Hypoggmia physodes 

Lecanora allophana 

Parmelia subaurifera 

Parmelia sulcata 

Parmeliopsis ambigua 

Ramalina farinacea 

Ramalina f a s t  i g i a t a  

Ramalina minuscula 

Usnea spp. ( tuf ted)  
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,Table 3. Continued 

Plot 11 - White Spruce 

Species C F PV 

Alect oria glabra 

C e t ra r ia  pinastr i  

Evernia mesomorpha 

Hypogymnia aust erodes 

Parmelia subaurifera 

Parmelia sulcata 

Rarnalina minuscula 

Usnea spp. ( tuf ted)  



Evernia mesomorpha had a  mean f requency  of  95% on l a r c h  

a t  p l o t  9,  t h e  h i g h e s t  v a l u e  r e c o r d e d  f o r  t h a t  s p e c i e s .  

"Tuf ted"  Usneas o c c u r r e d  i n  e v e r y  q u a d r a t ,  and ParmeZia suZcata 

had a mean frequency of 94%. Other important species on larch w e r e  

AZectoria gZabra and Centraria hale i  w i t h  mean f r e q u e n c i e s  of 

52 and 51%,  r e s p e c t i v e l y  (Tab le  4 ) .  

Eleven t o  twe lve  s p e c i e s  o c c u r r e d  on branches  i n  t h e  

t h r e e  b l a c k  s p r u c e  p l o t s .  The b ranch  f l o r a  i n  t h e s e  s t a n d s  

was dominated by " t u f t e d "  Usneas which had mean f r e q u e n c i e s  of  

100,  98,  and 93%. Evernia mesomorpha was abundant  a t  p l o t s  4 and 12 

w i t h  f r e q u e n c i e s  o f  63 and 72%, r e s p e c t i v e l y ,  b u t  was s c a r c e  a t  

p l o t  2 w i t h  a  f r equency  of  o n l y  3 % .  RamaZina minuscuZa had a n  

u n u s u a l l y  h i g h  f requency  o f  48% a t  p l o t  5  (Tab le  4 ) .  

Nine of  twe lve  s p e c i e s  o c c u r r e d  i n  b ranch  q u a d r a t s  

on w h i t e  s p r u c e .  The development o f  Usnea i s  o f t e n  less l u x u r i a n t  

on w h i t e  s p r u c e  t h a n  on b l a c k  s p r u c e .  On some p l o t s  (6,111 

however, " t u f t e d "  Usneas had mean f r e q u e n c i e s  o f  o v e r  90%. 

ParmeZia suZcata was t h e  most f r e q u e n t l y  encoun te red  s p e c i e s  i n  

w h i t e  s p r u c e  s t a n d s  hav ing  mean f r e q u e n c i e s  o f  80% o r  more a t  

most p l o t s  (Table  4 ) .  S p e c i e s  such a s  BamaZina fas t ig ia ta  and 

ParmeZia subaurifers showed uneven p a t t e r n s  o f  o c c u r r e n c e .  They 

w e r e  common a t  some p l o t s  b u t  r a r e  o r  a b s e n t  a t  o t h e r s .  T h i s  

c o u l d  be  r e l a t e d  t o  t h e  age  o f  t h e  s t a n d .  There  was no  branch 

f o r  s t u d y  i n  t h e  aspen s t a n d .  

The r e s u r v e y  of seven p l o t s  showed t h a t  f r equency  

v a l u e s  were o f t e n  c l o s e  t o  t h o s e  found i n  t h e  o r i g i n a l  su rvey  

(Tab le  5 ) .  I n  many c a s e s ,  however, t h e  d i f f e r e n c e s  and s t a n d a r d  

d e v i a t i o n  w e r e  t o o  g r e a t  t o  d e t e c t  minor changes  i n  t h e  l i c h e n  

f l o r a  from one s u r v e y  t o  t h e  n e x t  (Tab le  6 ) .  For  i n s t a n c e ,  

t h e  mean f requency  f o r  Hypogymnia austerodes a t  p l o t  6 was 6.0 2 

14.7.  On t h e  r e s u r v e y  it was 8.0 + 13.6 r e s u l t i n g  i n  a d i f f e r -  

e n c e  o f  5.0 f 10.0 ( T a b l e s  5 , 6 ) .  
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Table 4. Continuecr 

plot  5 - White Spruce Plot  6 - White Spruce Plot  7 - White Spruce 

Species P F F 

Alect or ia  glabra 

C e t r a r i a  ha le i  

C e t r a r i a  p inas t r i  

Evernia mesomorpha 

Hypogymnia aust erodes 

Hypogymnia physodes 

Parmelia subaurifera 

Parmelia sulcata 

Pertusaria cf. multipuncta 

Physcia orbicular is  

Ramalina f a s t i g i a t a  

Ramalina minuscula 

Usnea spp. ( tuf ted)  

Usnea scabrata 



Table 4. Continued 

Plot 8 - Nhite Spruce Plot 9 - Larch Plot  10 - White Spruce 

Species 
-- -- 

Alectoria glabra l4.0+_24.4 52.0+38.6 4*0+_13*9 

Black crust  2.Oy8.9 

C e t ra r ia  halei  51.w7.0 

C e t ra r ia  pinastr i  22.o+30.4 

Evernia rnesornorpha 95.9t,ll.O 

Hypogymnia austerodes 44.W0.9 

Hypogymnia physodes 

Lecanora allophana 

Parrnelia subaurifera 

Parrnelia sulcata 

Physcia aipolia 

Rarnalina fas t ig ia ta  

Ramalina farinacea 

Ramalina minuscula 

Usnea spp. ( tufted) 



Table 4. Continued 

Plot  11 - White Spruce Plot  12 - Black Spruce 

Species F F 

Alect or ia  glabra 

C e t r a r i a  ha l e i  

Cetraria p inas t r i  

Evernia mesomorpha 

Hypogymnia austerodes 

IP 
Hypogymnia physodes 

0-l 
Lecanora allophana 

Parmelia subaurifera 

Parmelia sulcata 

Parmliopsis  ambigua 

Pertusaria cf. multipuncta 

Ramalina f a s t  i g i a t a  

Ramalina minuscula 

Usnea spp. ( tuf ted)  



Evernia rnesomorpha had a mean f requency of 95% on 

l a r c h  a t  p l o t  9, t h e  h i g h e s t  v a l u e  recorded f o r  t h a t  s p e c i e s .  

"Tufted" Usneas occur red  i n  every  quad ra t ,  and ParmeZia suZcata 

had a mean f requency of 94%. Other important  s p e c i e s  on l a r c h  

w e r e  AZectoria gZabra and Centraria halei wi th  mean f r equenc ie s  of 

52 and 51%, r e s p e c t i v e l y  (Table  4 )  . 
Eleven t o  1 2  s p e c i e s  occur red  on branches  i n  t h e  

t h r e e  b lack  spruce  p l o t s .  The branch f l o r a  i n  t h e s e  s t a n d s  was 

dominated by " t u f t e d "  Usneas which had mean f r e q u e n c i e s  of 100,  

98, and 93%. Evernia rnesomorpha was abundant a t  p l o t s  4 and 1 2  

w i t h  f r equenc ie s  of 63 and 72%, r e s p e c t i v e l y ,  b u t  w a s  s c a r c e  a t  

p l o t  2 w i t h  a f requency of on ly  3%. RamaZina minuscuZa had an 

unusua l ly  h igh  frequency of 48% a t  p l o t  5 (Table 4 ) .  

Nine of twelve s p e c i e s  occurred i n  branch q u a d r a t s  

on whi te  spruce.  The development of Usnea i s  o f t e n  less l u x u r i a n t  

on whi te  spruce  than  on b lack  spruce.  On some p l o t s  (6 ,  11) 

however, " t u f t e d "  Usneas had mean f r equenc ie s  of  over  90%. 

Parmelia suZcata was t h e  most f r e q u e n t l y  encountered s p e c i e s  i n  

whi te  spruce  s t a n d s  having mean f r equenc ie s  of 80% o r  more a t  

most p l o t s  (Table  4 ) .  Spec ies  such a s  RamaZina fastigiata and 

ParmeZia subaurifers showed uneven p a t t e r n s  of occurrence.  They 

were common a t  some p l o t s  b u t  rare o r  absen t  a t  o t h e r s .  T h i s  

could be r e l a t e d  t o  t h e  age of t h e  s tand .  There w a s  no branches  

f o r  s tudy  i n  t h e  aspen s tand .  

The resurvey  of  seven p l o t s  showed t h a t  f requency 

v a l u e s  were o f t e n  c l o s e  t o  t h o s e  found i n  t h e  o r i g i n a l  survey 

(Table  5 ) .  I n  many cases, however, t h e  d i f f e r e n c e s  and s t a n d a r d  

d e v i a t i o n  w e r e  t o o  g r e a t  t o  d e t e c t  minor changes i n  t h e  l i c h e n  

f l o r a  from one survey t o  t h e  nex t  (Table  6 ) .  For  i n s t a n c e ,  

t h e  mean frequency f o r  Hypogymnia austerodes a t  p l o t  6 was 6.0 f 

14.7.  On t h e  resurvey  it w a s  8.0 f 13.6 r e s u l t i n g  i n  a d i f f e r -  

ence of 5.0 f 10.0 (Tables  5, 6 ) .  



Table 5. Composition of l ichens i n  branches i n  resurveyed stands. 

Plot 2 - Black Spruce Plot  3 - Nhite Spruce Plot  6 - White Spruce 

Species 
- - - 

Alect or ia  glabra 

C e t  r a r i a  ha le i  

Cetraria p inas t r i  

Evernia mesomorpha 

Hypogymnia aust erodes 

Hypogymnia physodes 

Lecanora allophana 

Parmelia subaurifera 

Parmelia sulcata 

Pertusaria cf. multipuncta 

Ramalina f a s t  i g i a t a  

Usnea spp. ( tuf ted)  

Usnea scabrata 



Table 5. Continued 

Plot  7 - White Spruce Plot  8 - White Spruce Plot  10 - White Spruce 

Species I? F I7 

Alect o r i a  glabra 

Cetraria ha le i  

Cetraria p inas t r i  

Evernia mesomorpha 

Hypogynmia austerodes 

Hypogymnia physodes 
IP 
w Parmelia subaurifera 

Parmelia sulcata 

Pertusaria cf. multipuncta 

Physcia a ipol ia  

Ramalina f a s t i g i a t a  

Ramalina farinacea 

Ramalina minuscula 

Usnea spp. ( tuf ted)  



Table 5. Continued 

Plot 11 - White Spruce 

-- - 

Species 

Alectoria glabra 

C e t r a r i a  ha le i  

Cetraria p ina s t r i  

Evernia rnesomorpha 

Hypo&ymnia austerodes 

Lecanora allophana 

Parmelia subaurifera 
ul 
o Parmelia sulcata 

Pertusaria cf. multipuncta 

Ramalina f a s t i g i a t a  

Ramalina minuscula 

Usnea spp. ( tuf ted)  



Table 6. Composition differences on branches between or ig ina l  and resurveyed stands. 

Plot  2 - Black Spruce Plot  3 - White Spruce Plot  6 - White Spruce 

Alect o r ia  glabra 

C e t  r a r i a  ha le i  

Cetraria p inas t r i  

Evernia mesornorpha 

Hypogymnia austerodes 

Hypogymnia physodes 

Lecanora allophana 
UI 
P Parmelia subaurifera 

Parrnelia sulcata 

Pertusaria cf. multipuncta 

Ramalina f a s t i g i a t a  

Ramalina minuscula 

Usnea spp. ( tuf ted)  

Usnea scabrat a .  
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Table 6. Continued 

Plot  11 - Nhite Spruce 

Species 

Cetraria ha le i  

Evernia mesomospha 

Hypogymnia austerodes 

Lecanora allophana 

ul 
Parmelia subaurifera 

W 
Parmelia sulcata 

Ramalina minuscula 

Usnea spp. ( tuf ted)  



5. DISCUSSION 

Proposed Methodology 

5.1.1 Data Col lec t ion  and Analysis 

The establ ishment  of an adequate b i o l o g i c a l  

monitoring system using l i chens  r e q u i r e s  a r e l a t i v e l y  l a r g e  

number of monitoring p l o t s .  Location of t h e s e  p l o t s  is  b e s t  

accomplished by a g r i d  network system. We propose t h a t  56 p l o t s  

be e s t ab l i shed  along e i g h t  t r a n s e c t s  r a d i a t i n g  from t h e  per iphery  

of t h e  Syncrude l e a s e  (Fig.  1 5 ) .  Distances between p l o t s  on a 

t r a n s e c t  vary from two t o  s i x  km. These d i s t a n c e s  inc rease  

with d i s t ance  from t h e  p l a n t  s i n c e  a i r  p o l l u t i o n  should decrease.  

There a r e  seven p l o t s  along each t r a n s e c t  ranging up t o  about 

40  km from t h e  p l a n t .  

The s tands  used i n  t h e  study w i l l  be dominated 

by white spruce,  black spruce,  o r  occas ional ly  l a rch .  I n  some 

s i t u a t i o n s  (such a s  p l o t  9 of t h e  197'5 s tudy)  l a r c h  t r e e s  

support  a more abundant l i chen  f l o r a  than do black spruce.  

Twenty permanent t runk quadra ts  w i l l  be e s t a b l i s h e d  a t  each 

p l o t .  One o r  two quadra ts  w i l l  be placed on each t r e e  us ing  

n a i l s  s e t  i n  a 1 0  by 20 cm rec tangle .  Each quadrat  w i l l  be 

marked with an aluminum tag;  p l o t  and quadra t  numbers w i l l  be 

on each tag .  The t r e e s  used w i l l  be marked with f lagging  tape ,  

tagged, and t h e i r  p o s i t i o n s  mapped wi th in  t h e  s i t e .  

Since t h e  observers  e r r o r  i n  es t imat ing  cover i n  

the  f i e l d  was too  g r e a t  t o  monitor s l i g h t  changes i n  cover,  more 

p r e c i s e  methods involving l abora to ry  a n a l y s i s  of photographs w i l l  

be used. Each photograph w i l l  be taken with a set s c a l e  i n  each 
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photograph. To insure  t h a t  good photographs a r e  obtained of 

each quadrat ,  two photographs w i l l  be taken using two cameras 

equipped with a r i n g - l i g h t  f l a s h  attachment. W e  be l i eve  t h a t  

f l a s h  photography slvould be used because of d i f f  i c ~ l t - - ~ g h t i n g  

s i t u a t i o n s  t h a t  a r e  o f t e n  encountered i n  t h e  f i e l d .  When only 

p a r t  of a quadrat  i s  i n  s u n l i g h t ,  it i s  d i f f i c u l t  o r  impossible 

t o  ob ta in  a good photograph using a v a i l a b l e  l i g h t .  A shadow 

box made of s h e e t  metal  w i l l  be used t o  darken t h e  e n t i r e  quadra t ;  

t h e  r i n g - l i g h t  should then c o r r e c t l y  expose a l l  of t h e  l i chens  i n  

t h e  quadrat .  The shadow box technique w i l l  be developed p r i o r  

t o  f i e l d  work. Photographs w i l l  be q u a n t i t a t i v e l y  analyzed i n  

t h e  labora tory  by p ro jec t ing  them onto  a d o t  g r i d .  Accurate 

coverage va lues  may then be obtained by ad jus t ing  t h e  p r o j e c t i o n  

t o  s c a l e  and counting t h e  d o t s  covered by each l ichen .  

Photographic records w i l l  be of primary importance 

i n  t h i s  study, but o the r  forms of d a t a  w i l l  be obtained a s  w e l l .  

The spec ies  i n  each quadrat  w i l l  be l i s t e d .  I n  many cases ,  

s p e c i a l  notes  w i l l  be taken including t h e  occurrence of f e r t i l e  

ind iv idua l s ,  o r  of moribund ind iv idua l s ,  o r  of unusually l u x u r i a n t  

development. A genera l  f l o r i s t i c  survey w i l l  be made a t  each 

s i t e .  Since it may be d e s i r a b l e  i n  t h e  f u t u r e  t o  determine t h e  

SO2 content  of l i chens  a t  each p l o t ,  c e r t a i n  spec ies  w i l l  be 

c o l l e c t e d  and preserved i n  a i r  t i g h t  con ta ine r s  f o r  comparative 

ma te r i a l .  Large, common spec ies  w i l l  be used such a s  ParmeZia 

suZcata, Hypogymnia physodes, " t u f t e d "  Usneas , and poss ib ly  Evemia 

mesomorphs and Pe Ztigera aphthosa. 

Five branches w i l l  a l s o  be examined and photographed 

a t  each p l o t .  Frequency and abundance d a t a  w i l l  be obtained f o r  

t h e  l i chens  on each branch, and the  branches w i l l  be marked by 

aluminum tags .  Trunk quadra ts  a r e  b e t t e r  f o r  comparative, long- 

range s t u d i e s  than a r e  branches, but  some branches should be 

examined s ince  they inc lude  some spec ies  i .  e. , RamaZina 

minuscuZa) t h a t  may be important. I t  i s  a l s o  p o s s i b l e  t h a t  



lichens on branches may react differentlv to air pollution than 

do the same species on trunks. Photographic problems are a 

major difficulty working with branches. Back lighting sometimes 

makes it imposs5bTe to get a good photograph, and it is di-fficult 

to obtain several photographs of a given branch from the same 

position. The use of only a few select branches will minimize 

these problems. Branch quadrats also have the disadvantage of 

being more likely to be destroyed over a period of years, and, 

in some stands, it is difficult, or impossible, to locate 20 good 

branches. 

A ground marker will be needed for relocation of the 

plots from the air. We may use two large, painted boards, but 

this area needs further consideration. Plots will be precisely 

located on air photos. 

5.1.2. Personnel Required 

Establishment of the grid network, prior to the 

opening of the Syncrude plant, should be carried out by a pro- 

fessional lichenologist familiar with problems involving lichen 

air quality monitoring. A field assistant will also be required 

during this phase of study. Office and laboratory work will be 

done by the lichenologist and a secretary/technician. 

The partial or complete resurveys may be conducted 

by an experienced technician without the aid of a field assistant. 

The technician and a secretary/technician will conduct the office 

and laboratory work. 

Lichen Flora 

Considering that there are few, if any, dry, open 

hillsides or rock outcrops in the Fort McMurray area, the 79 

species found in 30 days of collecting represent a relatively 



large flora. The flora is composed mostly of common montane 

and boreal forest species, which have western or northern 

distribution patterns in North America. Genera such as 

AZectorfa, Euernia, and Hypogymnia have strictly northern af finities . 
Cetraria pinastri, ParmeZia suZcata, P. subawlifera, ParmeZiopsis ambigua, 

RamaZina crinalis,  R. minuscuZa, and many Usneas are most character- 

istic of northern coniferous forests. Some species, especially 

those found on aspen, are widespread in North America. These 

include Physcia aipo Zia, P. orbicularis, CaZop Zaca cerina, C. ho locarpa, 

and Xanthoria polyearpa. Most of the species are common in North 

America, but some of the collections represent range extensions 

or unusual discoveries. Lobaria puhonaria, a large foliose lichen, 

was found about 640 km northeast of its known range. The 

specimem of BiatoreZZa is unusual and could represent an undescribed 

species although more material is required for verification. 

Crustose species that are not too often collected are Bacidia 

obscurata and B. sphaeroides. 

The presently known flora is composed of 31 

fruticose species, 26 foliose species, and 22 crustose species. 

CZadonia is the largest genus with 17 species; these are con- 

spicuous lichens of logs and the forest floor. Centraria and 

ParmeZia are represented by 5 species each. P m e Z i a  sulcata 

is the dominant foliose lichen on conifers. Other species of 

ParmeZia and Cetraria are much less prominent. The largest 

crustose genus is Lecidea with 5 species. Crustose lichens are 

the most difficult to find, and further collecting should 

reveal more species. 

This annotated checklist includes all the lichens 

collected during the present study. Collection numbers 

preceded by "D" represent collections by G.W. Douglas, those 

preceded by an "S" are collections by A.C. Skorepa. Voucher 

specimens are deposited in the B.C. Provincial Museum and G.W. 

and G. G. Douglas (private) herbaria. 



Annotated Lichen Checklist 

AZectoria gZabra Mot. A common, black fruticose lichen on 

conifers. It is most often found on the branches of 

black spruce trees; S9876, S9875, S9865, S9847, S9780, 

S9769, S9766, S9767, S9910. 

AZectoria niduzifera Norrl. Rare. Found once on black spruce 

(S9661) and one on white spruce (S9873). 

Anaptychia speciosa (Wulf.) Mass. This foliose lichen is rare in 

the area; found on an aspen ($9627) and a white spruce 

(S9721) . 
Bacidia obscurate (Somm. ) Zahlbr. On balsam poplar; found once, 

S9752. 

Bacidia sphaeroides (Dicks . ) Zahlbr . 
balsam poplar, S9761. 

Found only at plot 6 on 

BiatoreZZa sp. Found once on a larch tree at plot 9, S9826. 

BueZZia triphragmioides Anzi. On white spruce; found once S9719. 

BueZZia zahZbruckneri J .  Stein. On white spruce; found once S9856. 

CaZciwn saZicinm Pers. Found once on white spruce S9711. 

CaZopZaca cerina (Ehrh.) Th. Fr. Found on aspens at plot 1. 

D8658c, S9634, S9785. 

CaZopZaca hoZocarpa (Hof fm. ) Wade. This species is commonly found 

with C. cerina on aspens. S9642, S9639, S9909, S9630, 

D8659, D9658b, D9664. 

CandeZaria concoZor (Dicks. ) B.  Stein. This yellow, foliose species 

was rare on aspens at plot one: found in the quadrats but 

not collected. 



CandeZarieZZa viteZZina CEhrh. 1 Mull. Arg. Thi s  yellow, c r u s t o s e  

s p e c i e s  i s  common on aspens  and i s  a l s o  r a r e l y  found on 

spruce  t r e e s :  D9658a, S9631. 

Cetraria chZorophyZZa (Willd. ) Vain. R a r e  on b l ack  spruce  a t  

p l o t  f o u r .  S9647. 

Cetraria ericetomun Opiz. Rare, found on a l o g  i n  a p i n e  s t and .  

S9925. 

C e t r d a  haZei W. Culb. & C. Culb. Th i s  s p e c i e s  i s  widespread 

i n  con i f e rous  f o r e s t s .  It  i s  m o s t  o f t e n  found on branches  

of spruce  and p ine :  S9709, S9811, S9812, D8655b. 

C e t r d a  nivaZis (L.) Ach. R a r e  on sandy ground. S9922. 

Cetraria pinastri (Scop. ) S . Gray. Common and t y p i c a l  o f  c o n i f e r s ;  

found mos t ly  on t r u n k s  nea r  t h e  ground: D8652, S9708, 

S9736. 

Chaenotheca chrysocephaZa (Ach. ) Th. F r  . Found once on b lack  spruce  

a t  p l o t  2. S9655. 

CZadonia aZpestris (L. ) Rabenh. On t h e  ground i n  a jack p i n e  s t and  

and i n  a b lack  spruce s t and ;  n o t  common: D8684, S9923. 

CZadonia arbuscuZa (Wallr.) Rabenh. A l a r g e  shrub- l ike  spec i e s ;  

on t h e  ground i n  a whi te  spruce  s tand .  S9786. 

CZadoniabotrytes (Hag.) Willd.  On a log;  found once. S9676. 

CZadonia cariosa (Ach. ) Spreng. Rare on t h e  ground i n  a wh i t e  

spruce  s tand .  D8715. 

CZadonia cenotea (Ach. ) Schaer . On t h e  ground i n  a b lack  spruce  

woods; n o t  common. S9667. 

CZadonia coniocraea ( F  l o r k e )  Spreng . Common on r o t t e n  logs .  

D8647, D8722b, D8689, S9806, S9794. 



CZadonia comuta (L. ) Hoffm. Fairly common on -the ground in black 

spruce stands. S9657, S9668, S9897. 

CZadonia crispata (Ach. ) Flot . Found on logs, the ground, and the 

base of a spruce tree. D8721, D8722at S9646, S9760. 

CZadonia deformis (L. ) Hoffm. Occasional on the ground. S9645, 

S9793, S9670. 

CZadonia fimbriata (L. ) Fr . Common on rotten logs; sometimes on 

the bases of spruce trees. 08646, S9673, S9762, S9798. 

CZadonia graciZis (L. ) Willd. Found on logs and the bases of 

trees; common. D8723, D8720af D8719, S9693, S9788, S9896. 

CZadonia hookeri Tuck. Found once on the ground in a black spruce 

stand. D8682. 

CZadonia mi t i s  Sandst. A common shrub-like species on the ground 

in spruce forests. D8686, Lulman s . n . ,  S9745, S9759, 

S9825, S9669. 

CZadonia muZtifomis Merr. Common on the ground and on rotten logs. 

D8645, D8713, D8712, D8688, D8685, D8656, D8681f D8717f 

S9792, S9656, S9694, S9695. 

CZadonia ptj&data (L. ) Hof fm. Infrequent on the ground and at the 

base of balsam poplar. D8714, D8716. 

CZadonia rangiferina (L. ) Wigg . Occasional on the ground in 

spruce forests. S9713, S9781. 

CZadonia unciaZis (L.) Wigg. Found once on sandy ground in a 

jack pine stand. S9921. 

Evernia mesomol-.pha Nyl. This is a common fruticose lichen of 

spruce trunks and branches. It is best developed on 

branches of black spruce. D8642a, D8653, S9660, S9685, 

S9725, S9758, S9814, S9816, S9818, S9819, S9851, S9867, 

S9871, S9878, S9885, S9893, S9894. 



Hypogymnia austerodes (Nyl. ) Ras . Found most ly  on t h e  wood of  

dead branches  and logs ;  a l s o  f a i r l y  common on t h e  t r u n k s  

o f  l i v i n g  spruce  trees. S9927. 

Hypogymnia physodes (L. ) W. Wats. Common on l o g s ,  branches ,  and 

t r u n k s  of c o n i f e r s .  S9654, S9664, S9672, S9678, S9716, 

S9722, S9731, S9879, S9886, S9924, D8654a. 

IcmadophiZa ericetorwn (L. ) Zahlbr . Found a t  p l o t  2 on mosses and 

once i n  a b lack  spruce  s tand .  D8637, S9662. 

Lecanora aZZophana (Ach. ) Nyl. F a i r l y  common on t h e  branches  of 

spruce  t r e e s .  S9650, S9727, S9790, S9823. 

Lecanora coiZocarpa (Ach. ) Nyl. Found once on b l ack  spruce.  

Lecidea eZabens Fr .  Found once on wh i t e  spruce.  S9831. 

Lecidea gZomeruZosa (DC. ) Steud.  On t h e  bark of balsam pop la r .  

D8661, S9633, S9898, S9907, S9911. 

Lecidea granuZosa (Hoffm.) Ach. Found on sandy s o i l  and on t h e  

f l o o r  of a b l ack  spruce  s t and .  D8683, S9919. 

Lecidea scaZaris (Ach. ) Ach. Found once on b l ack  spruce.  S9688. 

Lecidea vernaZis ( L . )  Ach. Found on mosses a t  t h e  base  of a 

whi te  spruce,  and on t h e  bark  of l a r c h  and wh i t e  spruce.  

S9754, S9763, S9789, S9774, S9712, S9822. 

Leptogiwn s a t m i n w n  (Dicks. ) Nyl. On balsam popla r ;  r a r e .  S9744. 

Lobaria puZmonaria ( L . )  Hoffm. Th i s  l a r g e  f o l i o s e  l i c h e n  i s  

u s u a l l y  found on deciduous trees i n  m e s i c  f o r e s t s  i n  

North A m e r i c a .  It occu r s  i n  e a s t e r n  North A m e r i c a ,  t h e  

Rocky Mountains of  sou thern  A l b e r t a ,  and a long  t h e  w e s t  

c o a s t  (Jordon,  1973) .  A t  F o r t  McMurray it w a s  found once 

a t  t h e  base  of  a whi te  spruce .  S9801. 

ParmeZia flaventior S t i r t .  Th is  s p e c i e s  i s  rare on spruce  trees. 

S9675, S9782. 



ParmeZia mZtispora Schneid. R a r e ,  found on wh i t e  spruce.  S9715. 

ParmeZia perlate (Huds. ) Ach. R a r e ,  found on b lack  spruce.  S9671. 

ParmeZia subaurifera Nyl. This  s p e c i e s  i s  f a i r l y  common on spruce  

t r e e s .  S9684, S9686, S9700, S9707, S9714, S9729, S9784, 

S9899, S9902. 

Pamnelia suZcata Tayl.  Very common on spruce  and on logs ;  t h i s  i s  

t h e  m o s t  common l i c h e n  i n  t h e  a r e a .  D8643, D8654bt 

D8655a, S9677, S9728, S9765, S9901. 

PameZiopsis a l e m i t e s  (Ach. ) Nyl. Found most ly  on l o g s  and on t h e  

branches  of c o n i f e r s .  S9777, S9783. 

ParmeZiopsis mbigua ( W ~ l f . )  Nyl. Th i s  s p e c i e s  i s  f a i r l y  common 

w i t h  Cetraria pinastri a t  t h e  base  of spruce  trees. S9665. 

PeZtigera aphthosa ( L .  ) Willd. Very common among mosses on t h e  

ground and sometimes a t  t h e  base  of trees. D8711, S9689, 

S9692. 

PeZtigera canina ( L .  ) Willd. Frequent  on l o g s  and on t h e  ground. 

D8644, D8648bf S9679, S9690,. S9799. 

PeZtigera poZydactyZa (Neck. ) Hoffm. On a r o t t e n  log ;  found once. 

D8648a. 

PeZtigera c f .  scabrosa Th. F r .  R a r e ,  found on a r o t t e n  log.  D8718. 

Pertusaria m a  (Ach. ) Nyl. On whi te  spruce;  n o t  common. 

S9674, S9776. 

Pertusaria mZt ipmcta  (Turn. ) Nyl. T h i s  c r u s t o s e  s p e c i e s  is  cammon 

on aspen and balsam pop la r .  D8665, S9723, S9732, S9743. 

Physcia adscendens (Th. Fr .  ) O l i v .  Th i s  s p e c i e s  i s  t y p i c a l l y  

found on deciduous trees and was c o l l e c t e d  several t i m e s  

on aspen a t  p l o t  1. D8662, S9635, S9638. 

Physcia aipoZia (Ehrh.) Hampe. Usua l ly  on aspen or balsam pop la r ;  

rare on wh i t e  spruce.  D8663, 59629, S9637, S9848. 



Physcia ciZiata (Boffm.) Du R i e t z .  Found on balsam p o p l a r ;  n o t  

common. S9741, S9749. 

Physcia orbicuZaris (Neck. ) Poetsch .  On aspen  and spruce ;  n o t  

common. D8660, S9628, S9710. 

Phzjsconia detersa (Nyl. ) P o e l t .  Found on aspen and balsam p o p l a r ;  

n o t  common. S9637, S9739, S9740. 

RamaZina crinaZis (Ach. ) Gyeln. T h i s  b o r e a l  f o r e s t  s p e c i e s  i s  

n o t  common i n  t h e  F o r t  McMurray area. It w a s  found on 

w h i t e  spruce .  S9747, S9795, S9796. 

RamaZina farinacea ( L . )  Ach. Found on balsam p o p l a r  and commonly 

on wh i t e  and b l a c k  sp ruce  branches .  S9687, S9697, S9701, 

S9724, S9737, S9779, S9800, S9803, S9804. 

RamaZina fastigiata (Pers .  ) Ach. I n f r e q u e n t  on t h e  b ranches  of 

w h i t e  and b l ack  spruce .  S9911. 

RamaZina minuscuZa (Nyl.) Nyl. F r equen t  on w h i t e  sp ruce  b u t  most  

common on b l a c k  sp ruce  branches .  S9643, S9644, S9680, 

S9683, S9815, S9828. 

Rinodina archaea (Ach. ) Arn. Found once on w h i t e  sp ruce .  S9691. 

Rinodina exigua (Ach. ) S. Gray. Common on w h i t e  sp ruce  and l a r c h .  

S9820, S9821, S9827, S9824, S9829. 

StereocauZon aZpinm Laur. Found once on sandy ground i n  a jack  

p i n e  s t and .  S9918. 

Usnea aZpina Mot. Found on sp ruce  trees and on l a r c h ;  n o t  common 

b u t  s o m e t i m e s  l o c a l l y  abundant .  S9652, S9698, S9702, 

S9804, S9787, S9834, S9835, S9892, S9841, S9842, S9843, 

S9849, S9850, S9853, S9854, S9857, S9861, S9883. 

Lrsnea cavernosa Tuck. An uncommon member o f  t h e  pendulous Usnea 

group;  found on w h i t e  and b l a c k  spruce .  S9658, S9703, 

S9705. 



Usnea sorediifera (Arn . I  Lynge . An extremely common species  on 

most spruce and larch trees i n  the area. D8642, S9653, 

S9659, 59730, 59748, S9755, S9756, S9764, S9772, S9805, 

S9W, S936'0, SfS2, 59863, S9870, S9877, -881, 59882, 

S9887, S9891. 

Usnea subftoridana S t i r t .  Common conifers  with U. sorediifera. 

S9666, S9682, S9699, S9771, S9802, S9832, S9833, S9838, 

S9839, S9855, S9866, S9868, S9872, S9880, S9888, S9889, 

S9895, S9813. 

Oliv. Found on aspens a t  p l o t  1. 



6. SUMMARY 

A study was undertaken in 1975 to determine the 

scientific, technical and economic feasibility of establishing 

air pollution effect gradients using lichenological methods 

on a radially arranged pattern of observation sites. A total 

of 12 lichen samples plots were quantitatively examined and 7 

of them resurveyed. The data acquired, along with an aerial 

survey of the region around the Syncrude lease, indicates that 

the lichen flora of black and white spruce stands is suffic- 

iently rich and widespread to allow establishment of a lichen 

air quality monitoring system. 

A grid network, containing 56 permanent plots, 

is proposed. This network, radiating from the Syncrude lease, 

will provide adequate coverage of the region. It will allow 

continuous quantitative and qualitative monitoring of the 

lichen flora and, due to the susceptability of lichens to air 

pollution, will detect any adverse changes in the lichen flora. 

Detection of these changes will therefore provide an "early 

warning system", indicating that biological changes are 

beginning to take place in the ecosystem. Appropriate 

action, if necessary, may then be taken to minimize further 

biological changes in the ecosystem. 

Establishment of the grid network should take 

place during the 1976-1977 fiscal year, prior to the opening of 

the Syncrude plant. During the first years of the plant's 

operation partial resurveys of the grid network should be 

conducted annually. The partial resurveys will be relatively 

econmical since only 20 plots, all accessible by road, will 



be examined. I f  no adverse changes i n  t h e  l i chen  f l o r a  a r e  

de tec ted  during p a r t i a l  resurveys,  seve ra l  yea r s  may then e l a p s e  

before  a subsequent p a r t i a l  resurvey i s  necessary.  Complete 

resurveys w i l l  only be requi red  i f  a p a r t i a l  resurvey ind ica ted  

adverse changes a r e  occurr ing.  
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