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Abstract: The Schefferville region 6f northern Québec has a
Tich lichen flora which offers many opportunities tc study the
comparative ecology of lichens diftecring in  morphology,
physiology, and distribution., Until recently most research has
been on the caribou lichen, glidina stellaris, which is very
abundant in the spruce-lichen woodlands ol this subarctic region.
This past cresearch is summarized and some interesting directions
for future Studies are suggested. These center on the general
problem of the temporal dynamica of lichen productivity which are
very dependént on cycles of thallus wetting and drying.

Résumeé : La région de Schefferville dans le Québec
septentrional abrite une riche flore lichénique, et offre de
nombreuses possibilités de comparer. 1'écologie d'espéces
différant par leur morphologie, leur physiologie, et leur
distribution. Jusqu'd récemment, la plupart dJdes recherches
effectuées ont essentiellement touché le lichen & caribou,
Cladina stellaris, espéce trés abondante dans la taliga de cette
region subarctique. Ces études sont ici résumées et des avenues
intéressantes pour d'autres recherches sont suggérées. Celles-ci
- sont centrées autour du probléme général de la dynamique
temporelle de la productivité es lichens, laquelie dépend
fortement des cycles d'hydratation et de dessication que
subisSent les thalles dans leur environnement.

As in many other northern ecosystems ‘Ahti, 1977; Oksanen
and Ahti, 1982; Thomson, 1982), lichens -are a8 significant
comgonent of the plant communities around Schefferviile in the
notth central portion of the Labrador-Ungava Peninsula. Lichens
occur in all terrestrial habitats but are most conspicuczs in the
spruce-lichen woodlands and ~he alpine tundra. In cthe
late-successional woodlands the grocundcover of the caribcuy lichen
Cladina stellaris alone commonly reaches 70% or more; C. mitis,
C. rangiferina, and Stereocaulon pascha.e are alss (regjuens =yt




less important components of the vegetation !(Lechowicz, 1984;
Rencz and Auclair, 1978). In tundra communities, lichens also
often dominate the groundcover, but quantitative studies of such
habitats have not been done in Nouveau-Québec. Our observations
indicate that the most  abundant species in local alpine
environments include Alectoria ochroleuca, Cetraria cucullata,
Cladina stellarig, and C. gfngilerxna. On the higher and more
exposed peaks Bryoris nitidula an oelocaulon divergens are most
abundant., Both =this relstive abundance of lichens 1in northern
compared to more temperate ecosystems and their diverse
ecological roles in northern ecosystems (Lechowicz, 1982a) make
an understanding of lichen production ecology essential to our
ability to effectively manage northern ecosystems,

The net annual . production of lichens in this subarctic
ragion is low even compared to the generally slow growth of
lichens from more temperate regions. The wmean annual height
increment  of individual thalli of C. stellaris in
late-successional lichen woodlands near Schefferville vas. 2.1
mm/yr, or 22.5 mg/yr on a mass basis, based on the growth of the
youngest six years of growing tissues (Lechovicz, unpublished).
This is in accord with values of 5.8 mm/'yr for C. stellaris
growing along the esstern shore of Hudson Bay where growth was
calculated over all the living tissues (Ouzilleau and Payette,
1975)., In alpine sites near the altitudinal limit of C.
stellaris at Schetferville, annual height incresent aversged only
1.6 mm/yr, or 17.0 mg/yr on _ a mass basis (Lechowicz,
unpublished). Growth rates reported for other northern species
and regions (Andreev, 1954; Ouzilleau and Payette, 1975) confirm
the'generalization that the net primary productivity of lichens
in northern ecosystems is very low.

Despite the considerable literature on lichen ecophysiology
that has accumulated in recent years (Matthes dnd Feige, 1982),
we have surprisingly little guentitative understanding of the
dynamics of lichen production in nature. The principal factors
cofitrolling photosynthesis and respiration, the pbysiological
underpinnings of production, are well documented; in natural
environments these include irradiance, thallus temperature and
thallus water content (Lechowicz, 1980). Lichens are dormant
vhen dry, and it is only in relatively brief intervals after
precipitation that conditigns are fayorable for 1lichen growth.
i1t is the alteration of episodes of dJormancy and activity under
natural precipitation regimes that especially complicates the
analyses of lichen productivity. Only a  few published papers
have attempted to study lichen production ecology from this
dynamic point of view (Lange and Tenhunen, 1982Z; Lechowicz,
19681b).

Analysis of the climgtic contrel eof lichen p?oductiVity
poses one of the more interesting challenges for further research
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on lichens in the varied communities around Schefferville. In
the folloving pages, we briefly reviev the published vork on
lichen ecology in the Schefferville region, report the results of
recently completed studies, and suggest some fruitful avenues for
continued cessarch in this area,

Essentially all the 'published studies of lichen ecology at
Schefferville focus on the abundant caribou lichen, C. stellaris,
vhich was formerly called Cladonia slpestris. Lechowicz 78)
compared the ecogﬁfu}%;ogical characteristics of this species to
its close relativé, T. evansii, which occurs only in south
temperate regions..” He found fhat C. stellaris achieved maximal
photosynthesis at lower irradiance and ‘temperature than itsg
southern relative =-- attributes consisterit wvith the cool,
overcast summers - in the Schefferville region (Lechowicz and
Adams, 1978). Maximal photosynthesis in both species, however,
vas achieved at the same thallus water content. Lechowicz
(1982b} showed .thet the photesynthetic responses of lichens to
water content did not generally correspond to their geographic
distributions -or simple. <climatic parameters like annual
precipitation,

These studies vere done with entire living thalli of C.
stellaris, but Cargtairs. and _Oechel (1978), also vorking at

erville, ‘found essentially similar responses for differant
layers in the lichen mat. The 1living portions of mature mats of
C. stellaris in the vicinity of Schefferville are between 6 and ¢
cm Jeep; 11ving tissues can be up to about 20 years 21d with che
average mat having tissues no more than 15 years old (Lechowicz,
unpublished). Carstairs and Oechel (1978) reported that “he
uppermost, younger tissyes were moSt active, Lechowicz (1981
confirmed this age-dependence for photosynthesis and related it
to gradients in thallus color:; the dark, discolored tissues ~lder
than about 15 yesrs vhich are found at the base of the mat are no
longer metabclically active. Kershaw and Field (1975) analyzed
the microclimatic gradients within mats of C. stellaris and alsc
feund  substantial changes in temperature, irradiance, angd
humidity from the top of the lichen mat down to the underlying
soil surface. The upper portions of the mat tended to be better
lit, warmer, and drier. These gradients have. implicatijons not
only for mat metabolism, but also for the local hydroiogy. On a
varm, dry - summer day the mat surface is often dry and brittle
vhile the clder, senescent bases are quite wvet., The mat thus
acts as a mulch impeding evaporation from the underlying soil

(Wright. 1981:, The drr mats carry ground fires ~hat are
probably the single most important scurce of mortality for C.
stellaris in *he lizhen wcodlands; especially around

Schefferville. fire frequencies have increased since <he mining
activities began and mature, undisturbed lichen woodlands have
become lass zommon.

Acid precipitaticn, another. anthropcgenic stress which s

becoming impcrtant in the Schefferville region -Drake, 1283
Lewis and Hrebenyk, 1979}, may aiso pose a iong-term <nreat to
lichen productivity. After two summers of veekly wazer.ngs with



simulated acid rsin as low as pH 2.5, C. stellaris in a lichen
voodland near Schefferville shoved no weasurable decline in
growth !Lechovicz, 1984). The lichen thalli were, however,
discolored by simulated rains belov pH 3.5. When the trestments
were continued a third summer, grovth was significantly depressed
by rains below pH 4.5 which vere acidified by solutions richer in
sulfuric than nitric acid (Lechowicz, unpublished). It sppears
that the effects of chronic acidification om the growth of c.
stellaris asre only graduslly expressed and masy lead to declines
Tn productivity rather then immediate mwrtality.

We have recently jsvestigated some of the wore subtle
aspects of lichen production ecology iin an attempt to better
assess the potential impsct of environmental stresses on lichen
grovth, Our efforts have focussed on factors affecting metabolic
activity after vetting, emmecislly  the pwssible role of suger
alcohols (polyols) as ‘“physiclogical bufffers” ageinst stress.
Michel Groulx has made a detsiled comparison of the product iion
ecology of Cladina stellaris snd Alectoris ochrolewcs, the two
most abundant ichens near Schefferville. ey made a
comparison of polyol levels in 23 lichen spmcies from differemt
microclimatic regimes.

The A. gﬁﬁg& population studied by Michel Groulx grew
in the alpine tundra atop a ridge and the C. stellaris populatiom
in 8 lichen voodland in the adjscent valley. Meam temperature
and total rainfall were lover on the ridge them im the valley,.
but irradiance and windspeed vere higher. Under identical
conditions in the laboratory, A. ochroleuca dried twice as fast
as C. stellaris. These differences in microclimste amd intrinsic
drying dynamics both contribute to marked differemces in the
vetting and drying cycles of the two contrasting species. During;
July through September, 1982, A. ochroleuca had & periods of
metabolic activity with an average “Jduration of IS haurs compared
to only 28 activity periods in €. stellaris with as average
duration of 41 hours. Oversll, C. “stellaris vas active 1% more
hours than A. ochroleuca.

Given these contrasting cycles of vettimg and drying, we
initially bhypothesized that M. othroleuca would bhave a "fast
recovery® capacity charactenii Y botk a wore rapid
photesynthetic recovery and a lewer intensity and duration of the
ressturation respiration associated with the period after wetting
of the dry, dormant thallus. This would mimimize carbon losses
at the beginning of activity periods and meximize net carbon
gains during short periods ef activity. Photesyathetic recovery
was complete in A. ochroleuca 90 min afrer vetting, while
recovery in C. stellaris proceeded gradually over 24 hr. There
vere, nowever, no differences in the resaturation respiration of
the =vc species.

UYe had also hypothesized that A. echroleuca, vwhich is
typicallr exposed to short cycles of activity i1nterrupted by
- longer periods of dormancy than C. stellaris, would be more
resistant tc unusual stress events.  In C. steliaris respiration
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is indeed severely impeired after eight weeks of continuous
dessication and photosynthesis, altered after five veeks and
asctually ceases after eight weeks' dJessication. In contrest,
respiratios in A. ochroleucs continues at high rates after eight
veeks' dessication and photosynthesis is only impsired after 12
veeks. Similarly, experimentsl reduction of polyol levels
through dark starvation has no effect on the CO, exchange of A.
gchroleuca, but reduces both respiration and photosynthesis of C.

eliaris. Conversely, incressing thallus polyol concentrations
by immersion in polyol solutioms, increases both respiration and
pliiotosynthesis in C. stellagis but hes no effect on A.
ocliroleuca. These data conlirm our hypothesis thst A. ochrolewcs
w better buffered against unusual cycles of wetting sed
drying than C. stellaris.

Susan Dudley had initislly - hypothesized more generally thet
high polyol contents in lichens - 1 to 10% percent dry weight -
actef as » physioclogicsl buffer against the effects of stress.
Ve empected that lichens from hsbitats vhere cycles of wetting
and dwying made conditions less favorable for achkieving net gains
of caribon during: episodes of sctivity would maintsis high polyol
reserves. She shoved, hovever, that lower, not bhigher, polyol
conterts vere fouml in lichens trom more stressful esvironments.
Moreover, polyol content was also correlated vith the water
holdimg capacity of the lichen. Species that held more water per
unit dry veight had significantly higher polyel comcentrations.
Polyols are also lost upon revetting: about 108 of the polyols
present are lesched im each reverting event. -

All these results taken together call inte guestion the
postulated role of polyols as reserve compounsds that contribute
directly to the rates of metaolic recovery after a dormant
liches is wvetted by precipitation. In C. stellaris and A.
ochraleucs there is no general relationship Betweea tissue polyol
concentrations and rates of recavery. Similarly, diverse species
from strongly contrasting microenvironmental regime shov no
asspciation of polyol levels vith differemces im their cycles of
verting and drying. High rates of respiration that are observed
in lichens shortly after vetting ‘Groulx, wnpublished; Lechowicz,
1978), probably arise from leskage throuyh poorly reconstituted
meabranes rtather than from any direct involwewent of polyel
oxidation im metabolic recavery. The implications of such
leakage for thallus carbon balance say prove to be the critical
control on lichen distribwtion and abundsnce, especially
considering the high loss of polyols by leaching during wetting
(Dudley, unpublished).

The best way to test this supposition would be to msodel the
net carbon balances of many different lichen species that difter
in their cycles of wvetting and drying. These Iabor-intensive
comparisons could he better planned if we had a firm quantitative
understanding of lichen commynity ecology in the Schefferville
region. Studies like :zhat of C.ayden and Bouchard (1983) that
use modern ordinaticn techniques to investigate species
interrelationships across enviranmental gradients would allowv a



more judicious checice of species for detailed physisiogical
investigation, Fi ﬂally, it would also be of interest to
collaborate with others in an investigation &t mean annual grawth
rates of Cladina - species ‘throughout the Labrador-Ungava
Peninsulas; these data would provide: a geographically
comprehensive ‘baseline sgainst 'which any future effects due to
acid deposxtxon can be compared.
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