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‘ABSTRACT

w

When trees fall to a horlzontal p031t10n on the forest;'
_ _floor_ and_then slowly: decay, llchens, bryOphytes, bracket =
fungl and other wood decomposlng organisms gradually colonlze :

§
the decaylng wood and, eventually, are replaced by herbs and

tree seedllngs. Thls dlrectlonal change was quantltatlvely

1nvest1gated in 27 plots in Eastern Canada

Sampllng was done by microquadrats placed randomly or
systematically or in a combination of both sampling modes on
.. —_—%—h—-_‘,.... ' . . .
the central portion of logs. Four scales Tor the estimation s

—The effects of microquadrat shapes

on values of ecologrcal—diversity were tested. Some para-
meters related to the degree of succession were investigated.

—m——Seasonal changes of the PH of the log substrate as well the

effect of dlfferent slzes of wood partlcles in suspensron on

the pH were measured
For one plot the author had access .to records from logs
whlch had ‘been tagged since 1326. It was 90551ble, therefore,
J to relate most logs present in-tﬁEE“EIBE“%a a time sequence.
In all other plots,-change_in spec1es comp051t10n was investi- -
gated along gradients of communltles. Change in plant ;;;;;:_hhhh“‘
blages ‘on logs at different stages of decay was studied and
1nterpreted from a successron p01nt of view. Other‘COmmpnity
L\parameters 1nclud1ng species richness, degree of succession,
growthefo'l or life-forms have been empha51zed.

Vegetatlonal change on logs was found to be dependent

on: forest structure. Plant assemblages on logs in early



"Xiv

"Stages—of--decay often had low ecological 'diversity values.

Peak diversity occurred on logs prior to the latest stages

of decay, then declined as litter accumulation made the habi- -

tat unfavourable for moét bryophytes and lichens.

Most hépatics—and-mosses grdWing on decaying logs in

the.Northern Hardwood Forests seem to favor wet and mesic

stands whereas most lichens seem

dry‘habitats. . In the coniferous

favor open habitats close to the
lihe whereas hepatics and mosses

“forests.:

to have a preference for
forests, however, lichens —
upper limits of the timber-

prefer cool, humid subalpine




Régums |- ‘ :
) \
En forGt, lorsqu'un arbre passe de la positio@ verticale

& l'horizontale et que le processus de décomposition du bois

. . : :
commence, des lichens, QQéfbryophytes, des champignons.et

d'autres organismes envahissent tour 3 tour le bois et le

dccomposent lentement. Le cycle est complété oar l'apparition

d'humus et la colonisation par des plantes herba-
cles ou ligneuses. Cette succession a &té étudiée quantita-

tivement pbur 27 stations dans l'est du Canada.

i’ cchantlllonnage a été fait par 1! entrcmlsﬂ de carres
d'essails (quadratb) plaCEs au hasard ou de fagon systématique

au centre des troncs pourrissants. Quatre déchelles pour l'esti-

‘matiop-de-%a couverture ont été compardes pour leur précision.

L. 1nflue1c; de la forme Qu quadrat sur la dlve* sité &écologi-~

.

gue a ﬁté étudiée. Divers degrés de.succession ont ét2 recon-

nus. Lﬂln&luonce du o das troncs pourrlssanbs sur la succes-

-

"sTon a egalement &ta analysee.

b
Dans., un cas l'auteur a eu accds 3 des documants histori-

-t r.

ques  importants ol la localisation des troncs pourrissants d'une L
-région,avéiﬂ_été enregistrée depuis 1926. Il a donc été pos-

sible d'étudier le phénon2ne de la succession en fonction du

temps. Dans toutes les autres stations des changsments dans °
la composition de‘lalvégétation ont &ts analyséé en fonction
d'un ou de plusieurs gradients ecologlques. Enfin d'adtres
param@tres comme la richesse en espéces,“les degrés de suc-

cesslon, les formes biologiques, etc. ont &té &tudiss.
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L'éuteﬁr croft que les changements dans la composition
de la vég&tation des troncs pourrissants dépendent.de la
sﬁructure d'une fbrét; Lés troncs5a‘arb:es dans leur pre-
midre phase de décbmposizﬁng n'ont gu'une faible diversité
'écoloéique. Cette diversitéfdévient maximéle‘juste avant la
phase terminale de‘décompOSition_Aés troncs alors que cette
diversit@ diminue suite 2 1l'accumulation d'une litisre orgé—
nigque sur les Xroncs. -

En général, les hépatiques et les mousseélpoussant sur
lgﬁ troncé pogrrissén;s dans les foré&ts décidues du nord-
seﬁblent préférer les stations mésiqués alors que les lichens . -

semblent préférer les' stations s@ches. Dans les. for&ts bo-

réales de conif@res, cependant, les lichiens se trouvent sur-~ .

i
b
2
p)

tout sur les troncs disposés dans les lidux ouverts et en

4
#

’ .altitude alors que les hépatiques et les mousses préférent

les troncs localisés dans les habitats frais et humides des

foréts subalpines.




CHAPTER T

GENERAL INTRODUCTION

1. Introduction

<

.During the life cycle of a foieét ecosystem:.trees die
and thgir‘trunks change po;itidﬁ frém ﬁpright to horizqntal.

On the férest floor the logs aecompose and-their'elements,afeﬁ
‘recycled.l The éhange in position of the log and its decompo--
sition causes a.succession of species on the log as well as inside
the trﬁnkf échustef'(1949)'concluded ffbm his stuéy that suc- 1_=P
éessibn on decaying logs "is one éf the feﬁ'obvious distinct .
successions that can be treated without much subjectivity"
(Schuster, 1949, p. 666).

Studies of succession on and in decomposing logs are
numerous, and only the more pertinent papers of plant succes-—
sion on‘decay&Qg\ii?s will be reviewed here. T

Raschendorfer (1946) found that succession of cfyptégams
on decayiné wood differed markedly in regions with a humid
climafé and relativelf smalléfluctuations=in air humidity from
that of'regioﬁé which had a dry season during the year. She
‘also noted that in very humid forests he?atics were of consi-
derable importancé on_rotten boles wheréas in less humid
- forests iichens énd mosses were more"abundang.

Stefureac (1969) distinguished four successiénal stages
on trees related to substrate characteristics:

1. Epiphytes -~ corticolous stagé

2. Epixylic stage



"

\"K// 3. Saprolignicéléus stage o ////,/////
4. Iumicolous - terricolous.stago \ {////////ﬂ

Eacn stage had a characterlstlc comblnatlon of p001es and
succ9551on from stage one ‘to four was wséumod to be mostly

\
unldlrectlonal He also 1nq5;ated that in the cool humid al- =

4’,

. Pine climate of the Carpatians, certain logs required about.

o~
—
-

30 years fo decdﬁodse. Frey (1959), on the other hand, reported
that in a dry continental climate from a valley in the Central
Alps practlcally no apparent change in log decomposition and

no major shift in species‘coméosition was observed during that

same period,

’

:Cain and Sharp (1938) investigated succession of bryo-

ﬁé

phytqsfon logs in ;he fir forests of Eastern Tennessen Sharp

(1939) summgrlzed these observations in the fbllowing way.
From a corticolous Frullania a@hg&agana stage, Juccession éro—
ceedpd infeither of two difections: (1} logé aepoéited close
to tret rocks on Steep-slopes were colonized, after Ehey lost

their bark, by the Anastrophyllum michauxii union; (2) logs

present .in other habitats were colonized by the Nowellia cun-

vifolia union. When logs d£§integrated, thefAnast&dphgﬂﬁum

micnquxii union could be replaced directly by the Hylococomnium

splendens union. This last communify,‘probably the "climax

union" for the forest floor, was observed also in less wet

T-habitats on logs which were in their final stage of decay.

Succeassion from the Nowellfia curvifolia union however was not

so direct. A seral community, the Picranum guscescens union,
) : J , 4

establishéd itself on partially decayed- logs and latef,'when

~



,f/’ﬁ(/ o } F—B—_

these logs were in anfadvancad stage of decay, the Hyfocomium
splendens unioh'finally establishcd itself.l -
Norris (1954) compared bfyophyte communitiea in parts of
the Smoky Mountains (Tennessee/North“Carolina} with those in
t e'Adirondack Mouataina (New York State) Thc'habitats on
decaying wood were carefully studied and, in general,good |
agreement with Cain and Sharp s (1938) results was apparent.
Norris noted a gradual success;on of plants on fallen . logs
until the wood was completely broken down. Three events had
‘prime importance on directional vegetational chanée. These
were loss of bark, decay of the outer wood cylinder and final

incorporation of the completely humified wood into the organic

layer.: From his descriptions‘of the decaying'wood habitat it
is evident that a simple successional diagram with clearlf
distinguishable seral and climax unions seems unllkely for
most habltats because the cryptogam vegetatlon as well as the
log'habitat are of considerable complexity.

‘Jovet and Jovet (1944) described from the Savoyen ‘Alps
stages‘of succession in relation'to wood decay. They distin-
guished thrae substrate tYpes:' wood not decomposed, wood
spongy, and wood spongy and turned into humus. On each ot
thase substrates they recognized that four successional stages
.could occur: a pioneer stage,-two intermediate stages, andAa
ﬁature_stage. Pioneer stages occurted on all three sﬁbstrates
and the species composition on each substrate was different.
It can be concluded, therefore, that these differences noted

by Jovet and Jovet (1944) were caused dlrectly by factors of
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fthe,substrate; These authors also found that fewer floristic
~differenees occurred after the pioneer stage. Substrate types

were, therefore, rESs important as succession progressed and

the authors proposed a scheme showrng a unidirectional change

. towards the final plant community of the forest floor.

Lambert and Maycock (1968) investigated llchens in hard-

wood forests of Eastern Canada and presented valuable 1nforma~

“tion on the log substratum. They reported that the presence

of logs was most important in dry, dry—mesip, wet-mesic, and .
wet habitats, while the presenoe'of rocks and tree bases were'
of less or equal importance to the presence of'logs in mesic
habitats. Cenifer logs, as substratum for lichens, appeared
important in areas crose_to the ertremes of the moisture gra;
dient. They noted a marked decline of lichens such as Cladonia
chzomophaea, C. 6Lmbhiata, C.'AquamOAa and C. bacl€Lanis in
mesic ‘stands.’ Especially noteworthy was the fact that lichens
present on logs” in wet forests were found to be somewhat si—
milar in their substrate preference to those found in dry

forests.

Mosses and hepatics, not considered by Lambert and Maycock

- (1968) .are, however, important components on logs in aguatic, -

wet and moist habitats. Forest stands in those habitats are

sometimes dominated by Aeem’aubnum. Cain and Penfound (1§§§)
described such forests froﬁ Long fsland, N.¥. and it can be -
ooncluded that trees and shrubs present in that area show flo-'
ristic affinities to the Coastal Plain Flora of southeastern

America. In the Long Island forests and in similar habitats



‘mosses and hepatlcs do not show such restrlcted dlstrlbutlon

and, are w1th the exceptlon of a few spec1es such as Lophocozea

b&dantataz Hypnum cuxvréo£4um Plagiothecium ‘méeans, etc.,

quite typlcal of northern temperate dec1dous forests It is

. apparent that in the. rather moderate macrocllmate of the

Coastal Plain, bryophytes have in general a rather w1de eco-—
3 logical amplltude (Walter, 1970) Only a few mosses on logs
have a narrow amplitude and show a suhstrate preference for .
- wood (e.g.-LOphoco£ea.deenIa2a, CLimacium amenicanum, Entodhn
c£adoﬁnh£zané,etc.)w o
' Theselstudies, and many others, seem' to indicate that suc-
cession of cryptegahs on'decayihg logs is a common feature in
undisturbed forests; The overriding importance of mlcrocllma—
tic and substrate factors on the dlrectlon of succe551on of
bryophytes and lichens is probably the same on a world~wide
basis. | | o
2. Statement of problem . - o {

B
Ouellet and LeBlanc (1967), after a preliminary’ study of

succession on decaylng logs on Mont Salnt—Hllalre concluded;
that a more detalled analysis of{plant-communities on logsﬁ
was possible and would probably reveal some lnterestlng aspects
of the ecology of these cryptogams; that is one_of- the reasons
y this research was initiated.
wi\ The. aim ef this thesis is to examine,'deecribe and quan-
tify some plant assemblages of bryophytes, lichens and sporo—
phores ef.polypores on fallen trunksrih.several forests of

. Eastern Canada. Community parameters includihg ecological



.
dlver51ty, spec1es richness, degree of succession, growth~forms'

or life- forms are emphasized. The klnd of log and stage of

decay will be determined. The’ pOSSlblllty to relate spec1es
frequenc1es on. logs of. certain decay stages to succe551on'

‘W1ll be.;nvestlgated. The log-dlameter whlch depends on sample num—
. bers per unit area will be related to structure of forests. |

=

This study is restricted to horizontal logs located along
an intu1t1Vely chosen elevatlon;ijgradlent

The presence of tree seedlings on decaylng logs is an
important factor in the regeneration of some "primeval® forests
(Eichrodt, 1969) and have, in certain_sreas, a strong impact on
the structure of naturallferegenerating forests (Sernander,

‘1936f Hillgarter, 1971). Therefore, species composition of

seedlings on decaying logs was also iﬁvestigsted‘and related
to the successive stages in the breakdown of wood.
Our study, made over a fairly wide area.in Eastern Canada,

is perhaps the first of its kind and affords a better under-

standing of floristic\as well ss“ECological relationships of
'f‘cryptogams.

e

This study of cryptogams in a dynamic situation expands

on the information already obtained in an experimental investi-

gation on competition between cryptogams {(Muhle, 1968).

3. Location and description of study areas

The locations o©f the investigated sites .are given in
Fig. 1. They are (l) Petawawa (Petawawa Forest Experlment
Station) (2) Mont Saint-Hilaire (Field Statlon of MCGlll

University, Montréal) (3) Heney Lake (Biological Station of

e

e



Figure 1,

Location of study areas and sampling plots.
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the University of\bttawa) (4) Mont Albert (Parc de la .Cas-
pésie) . o N
a) Petawawa: v

The study area is located at the Petawawa Forest,Experr—
ment‘Stationl Chalk River, Ontario. The area has an irregular
topography Varying - from lowlands flats to a strongly rolllng
type of upland terraln. Glllesple, W;cklund and Mathews .
(1964) recognize two thsiographic divisions for this area:
The eastern lowland sectlon-and the upland section. The study

area is located in the latter., The plot is located in a well-

preserved area which was and is under close superv151on of the

* Canadian Forestry Serv1ce. It is a permanent sampling plot

in which no srlv1cultural treatments are planned. The micro-
topographlc differentiation (Lyford and MacLean, 1966) is rather
indistinct in this plot as a result of agricnltural use prio
to 1900. I
| b} Mont 5§jn§LHilaire-

Mont Salnt—Hllalre is gone of the eight Montereglan HlllS
in the St. Lawrence Valley of Southern Québec. It is eltua—
ted 20'm11es northeast of Montréal. The mountain appears as
a solid rock mass in the ﬁlain, rising rather abruptly to ap-
:proximately 300 m above the valley. Almost in the center of
~thls igneous rock mass. there 1s a 51zable depre351on fllled .
in part by a lake. The’ outer slopes of the mountain are quite “
steep whereas the inner slopes} facing the lake, are more

gentle. These inner slopes act as watersheds for small rivu-

“lets which drdin into the central basin to form Lake Hertel.
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The‘boggy ground close to the lake with its 1nterm1tten&g\
streams and mud ‘flats ‘has a number of graéél mounds, sometimes
called blow-down mounds, which may’Hg”Ehe result of soil uplift-
ing due to windfall of trees. In the spring of 1969 it was
‘observed that most logs in this area, espec1ally those which
had been deposited op mud, flats,’ were partly covered with
water. It seems probable that the hydrblogy of this area has
changed since the end of the last century because a concrete
dam was build around 1890 at the only outlet of Lake Hertel

{(Maycock, 1961), \

The swampy area and the adjacent mesic hardwood stands

on the flat‘areas close to the léke;éhow considerable differ-
entiation g; their micro—rélief; Blow-dowh mounds are fre-
quently encountered.there, eépeciélly_in the area in which the
moist depressions show né open water in the summer.

The lower partuo% the steep slopes (200é409) is generally
covered'with rubble of different sizes. These surface mate-
rials have not yet stabilized since some logs along the cont
tour_lines show considerable accumulation of soil and rocks
on tbe side faciﬁg the slope. Pérts of the slope also show
5oulﬁers and'ridges of basaltié rdcks, aqd in ‘the central part,
a Eiﬁgefof‘limestone is exposed. The uppermost part of the
slopé is not as stéep as ﬁhéllower part and the mineral-soil
cover is continuoﬁs. Blow-down mounds from uprooted trees

are ﬁﬁmSi:us and indicate mechanical disturbance of the soil

surface by the roots of fallen trees.
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c) Heney Lake: ; ' ' \ g

The second area is located in tne Laurentian Highlands of
South-eastern Québec. The region is characterized by many
lakes"forest?covered hills-+and plateaus. Agriculture has
been established on the sandy soils in the valleys. The tran-
sect close to Lake Parmichangan is located on relatively un-
disturbed crown land. The remote forests do not show any're—
- cent signs of ex9101tatlon- though it is pProbable that logging
operatlons for giant white pines occurredin the late 19th
centnry (Hughson and Bond, 1965). The slope inveétigated has
open rocks over most parts of the transect. This substrate
increases in frequency uphill where extensive rock ridges are

"encountered. On the sandy soils of the lower slopes one ¢an

find frequent blow-down mounds due to upllftlng by wind- thrown
trees. Close to the lakeshore, mudflats with 1nterm1ttent
- Sstreams are encountered The somewhat irregular location of
the three lowermost guadtats is in respomse to those topogra-
phic features. s
| d) Mont Albert:

The most northeastern extension of the Appalachian phy—l
siogtaphic province of Eastern America is found in Québec.
The nountains reach their greatest heights inithe Gasp€é penin-
sula where Mont Albert is situated. Two important streams,
Grande Cascapedia and Petite Cascapedia, flow from the flanks -«
of Mont Albert tonards the Baie des Chaleurs while Riviare
| Ste-Anne drains towards the St. Lawrence. |

The most striking fopographical feature of Mont Albert
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{;is #he flattened summit. The area pf the summit is about
.ﬂ;3-5 km'by 1 to 2 km. Along the northern part there is a serles
~i of small, shallow, somet%mes swampy, ponds which never dry out.
The mountain flanks have a number of amphltheatre like c1rquesn
ev1dently formed by small local glaciers (Alcock, 1927).

4. Geologx_

The Petawawa and the Heney Lake region are both situated

3
A

w1th1n the Precambrian Shield whereas Mont Albert and Mont

Saint-Hilaire are of volcanic origin.
a) Petawawa:

The northern gently sloping parts of Algonguin Park lie

within the Precambrian Canadian Shield. Most of the area is
underlain by pink granitic gneisses. A few outcrops of amphi-
bolite, greeﬁville—type metasedimentary gneisses ana pegmatite
occur (Gadd, 1963) in this area. Most of these rocks are
covered with glacial deéosits. The texture of the soils is
mostly loamy sand with pebbly layers and, occasionally,“aim
hardpan. They were deposited as deltaic gravels and sands by
‘the Cpamplain Sea and are of a non-calcareous nature (Moore,
1972) . The study:area is located in this sandy area and does

not show rock outcrops.

b) Mont Sajnt-Hilaire:

Mont Saint-Hilaire, like all the Monteregian Hills, is
thought to be coﬁposed of_intfusive igneous rocks probably
_forméd at the beginning of the Tertiary (Currie, 1970). Two

'rﬁain areas of igneous roéks-can be distinguished dn this

mountain. In the western parts, essexite is the dominant rock

~
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whereas in th& eastern part syenitic rocks are’ found more fre-

quently. Limestone inclusions appear here and there as small
outcrops in the eastern section. Dufing the Pleistocene the

-

mountain was glaciated:and as a result the soil was removed

over large areas.

c) Heney Lake:

L

Heney Lake is also situs“ed within thé‘Precambrian Cana-
dian Shield. It is placed in the Archaen as a subsection
where sedimentary rocks and derlved matamorphlcs such as argil-
lite, slate, arkose, quarzite, greywacke and conglomeratg rocks
occur (Atlas du Canada, 1970-72). Clays were deposited in the
area probably by the Champlain Sea (Coleman, 1922). The soil
cover is thickeét at the hill bases and in_the valleys whereas
uphill glacial drift material has resulted in a discontinuous
soil cover. Rdéks‘arefeXPOSed from lakeshore to hilltops,
where they attain their greatest importance. Localized crys-
talline calcareous outcrops of the Precambrian Greenville
Series occur (Wllson, 1926) as well as gnelsses Wthh seem
to be locally rich in ore judglng from several short term

- mining attempts throughout the area (Sabina, 1964).

d) Mont Albert:

The mountain éop consists of serpentinized peridotite.
Qpe serpeﬁtine is surfounded by amphibélité which projects
aboﬁe the plateau level in the North Summit aréa. The lower
part of the mountain consists.of volcanic rocks which are
probably locally rich in minerals ju@ging from the < bryophyte
communities qrdwing in contact with them. These vdlcaﬁic aﬁd

\
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sedimentary roeks are atﬁributed by Alcock.(l929) to the Ordo-
vician but are placed by Mattinson (1964) in the Cambro—Ordo—
vician since there is no sharp demarcatlon betWeen Cambrlan
and Ordovician rocks. .
5. Soiils

The soils of all four study ereas are mainly podzolic.
In the Petawawa and Heney Lake area they may be classified
as Brunisols on mineral rich substrates or as Humo-ferric
podzols On. poorer sandy substrates (Hills, 1960) . The soils
of Mont Saint- Hllalre are probably‘SLmllar but seem to reflect

the pecullar mineral comp051tlon of the bedrock (Webber and

Jellema, 1965). Since soils, to some extent, reflect the

- mlneraloglcal characterlstlcs of the bedrock and, to a certain

degree, influence the composition of mlnerals_ln the humus and
in the plants (buvigneaud et al. 1970— Klausing, 1956) it

should be\mentloned that on Mont Saint-Hilaire elements llke-

Zr, Zn, Nb, Rb and Ca show an increase alonqpa transect from-

lakeshore to hllltDp wgereas pota551um decreases (Webber and

——

Jellema, 1965).

'The 'soils of Mont Albert are different from these three

areas where the forest soils are podzdlic with considerable

f

thick litter horizons. Close to the krummholz at the tree-
line, as well as in certain topographic situations on the

lower slopes, paludification results in a gontinuous peat

“cover orajn local peaty mounds. Certain soils. covering the

amphibolite rocks of the alpine tundra are similar to Nano—

Podzols (Dahl, 1956). The poorly structured B horizon over
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the serpentine, however makes it difficult to place these
soils in any prev10usly describdd soil type

6. Macroclimate

A series of.standardized climatic diagrems from Walter
and Lieth (1960-1967) show the general trend in climate from -
west to epst for the areas 1nvest1gated {(Fig. 2).

a) Petawawa:

:The climate of.the Petawawa forest Reserve is eentinental
with cqldkwinters and hot' summers. It is influeneedey tﬁe
Great Lakee.and is therefore in general, mllder than the
climate of the upland section of Algonquin Park The local
mean annual pre01p1tat10n is 788.4 mm based on a ten—year'
period (Clements, 1971)-. Ho&ever, the pIEClpltatlon of the
general climatic area, 1nd1cated as "Haliburton slopes" in’
Brown, McKay and Champman .(1968), varies between 710 and |
1020 mm. ' |

'b) Mont Saint-Hilaire:

The climate of the St. Lawrence and Ottawa River plain
-is in general subcontlnental asils evident from stations 1n_
Ottawa and Montréal (Fig. 2). Mont Saint—Hilaire is exposed -
on the plain and its climate can be expected-te differ some-
what from that from the plain stations. W@?Le temperature
measurements over a five year petiod at Mont'Saint—Hilaire
show .sufficient agreement with those obtained over a 75-year
‘period for‘Monttéal, extrapolation ot precipitatioﬁ data is
\

not justified (Rouse, 1965)".

-c) ﬁeney Lake:

The climate of the region, as shown by the data from nearby

L



Figure 2.

;

b

Meteorological stations relevantﬁforwstﬁdy areas

and climatic diagrams (Walter and Lieth, 1960-67)

Abscissa: monthg from January to December; -

black bar: months with mean daily miﬁimum below
OOC; hatched bar: months with absolute minimum
beldw 0°¢c; ordinate: one intérvaf equals 10°¢

or 20 mm precipitation;: upper curve: imean mOnthly
precipitation; lower curve: me;ﬁ monthly tempera-
ture; number below this curve: mean duratién of

frost-free period in days.

Top of the diagram from left to right: Station,

W

elevation. of station; below station; years of

. meteorological observations} in case of Montreal

temperature was recorded for 10 years, precipita-

tion for 15, Qence the double number (10-15);
in the rightwﬂahd corner: mean yearly tempera-
ture in ¢°, mean yearly precipitation in mm.
numbers on the left side ouﬁside the diagram:
upper number is fhe mean of minima of the cold-
est month; thellﬁwer nﬁmberkiﬁ the absolute
temperature minimum fecorded::vertically hatched

area: relative humid season of the year.
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'Méniwakii(Fi€7/{; is essentially similar to that of thé-Péta—
wéwa‘are% 9ﬁEgpt that thefe'is a lbnger period with an abso-
lute mipimum below 0°C. The temperate influence of the Great
Lakes én the macroclimate is, therefore, diminishing to th%
north. . o

a) Mon£ Albert:

Very little is known about the climate of central Gaspé
where MontdAlbert is one of several mountains of nearly equal
elevation in a mountain range called Shickshocks. Most of
the meteorologigal stations of the penigéula are éituated
on t?e shore and'Show a frosffree éeason of 126 to 140 days
(Metg%;ol. Branch, Dept. Transp., Toronto, 1959). The grow;
ing season inland at higher elevations, however, is consi-

. derably less than 100 days. Whereas on the Atlantic side of
the peninsula, at Péfcé,the annual precipitation shows values
which exceed 800 mm, the north side of the Shickshocks (e.g.
Cap-Chat) is drier due to rain shadow effeCés (Blanc%érd, 1960).
The Shickshoc@s themselves, however, érobably réceiVe.ma;e - R
than i200 mm of rain (Blahchard;,iQSb)Aaué tq‘précipitation
ffom‘rising_clou&s, The main wind directions in winter are
-from the ﬁorth'and ndrthwest, whereas in summer southeastern
winds are.mdst frequen; followed by northwestern winds (Atlas

of Canada, 1957).

7. Microclimate

Bryophytes and lichens seem to be very sensitive to micro-~

i

climatic factors. Therefore, a brief review of the topocli-

mates of the transects investigated will ‘be given. Since in

1

-~

g
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the Petawawa area no transect was studied the mlcrqellmate of

that area Wlll not be rev1ewed

a) Mont Salnt-Hllalre:

The transect on Easthill is locatedJJla south-westerntex—
-POSure. Since in the northern Hardwood region one can exp;ct
the southern slopes to be drler and warmer than the northefn
. Slopes (Geigerx, 1965), logs under the dense forest cover could
face a drier mlcrocllmate than those on the more shaded north-
ern exposures. Since Lakehlll on the south of Mont Saint-
Hilaire provides at least shade for the lower quadrats of the
transect and since the inner Slopes of the mountain fa01ng
the lake are relatlvely protected from W1nd the microclimatic
extremes generally observed on southern versus northern expo-
sures are probably less pronounced. Logs on the open lake-
shore and on the steep slopes will receive, however, higher

amounts. of radlatlon than those on the forest floor in the

multilayered mesic forest (Rouse et al. "1969) .

b) Heney Lake: |

The topoclimate of the Heney Lake transect on north-
eastern exposure is in part different from that of Mont Salnt—
Hilaire. The lowermost quadrats of both transects have pro~ '
bably similar mlcrocllmate. However, logs in the opern exposed
pine forests on the hllltop receive more radlatlon durlng'
- summer than those under the dense decidous forest cover on

top of Easthill at Mont Salnt—Hllalre (Rouse, 1965)

¢} Mont Albert:

When one .moves eastwards towards the ocean, areas close
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to the considerably Aigher ‘mountain tops .are often
in contact with clouds‘ahd are, 'therefore no'longer in-a
relatlvely dry env1ronment. Since thlS dlffnrence is 1moort—L
ant for crvotogams (5. -oceanlc vVS. contlnental{ Barkman,
-¥l958) a deta;led review will pe presenﬁed.
The microclimate of the transect in northern'exposure can best
be described in two Sectione: {l}wfhe ﬁinter climate and
(2) ﬁhe summer climate,
(1) In winter directfand indirect.effecés from widds on
the cryptogams are of considerable .importance close to the . \
tfeeline (Savile, 1972). Direct mechanlcal effects from wind
can be expected from drifting ice crystals which slowly abrade
every exposed surface either on the top of mounds in the
tundra or on logs and trees close to the  treeline {Aulitzky;
1961) . The spatial patterns of plant asseﬁblages caused by
the above—mentloned factors are well known from alplne habitats
~and from alplne tundra (Dahl, 1956). Cryptogams which are
'burled under snowbanfs in winter are not only protected from
direct mechanical effects but also from the even more impoxtant
freeze-drying forces of the winds (Adlitzky, i961)1 In the lee
bartg of the mountain, snow accumulates behind clusﬁe;srof,trees
- Or mounds of peat. If these snow banks are aboverarcertain
size and especially-if they- are locafed on a northern exposure,
they cover the vegetation for a rather long period of time and
will favor snowbed vegetation" (Gjaerevoll, 1956). 1In subal-

pine forests envlronmental gradients are not as steéep. In

forests of similar densities the winter microq&imate of logs

k)
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IWlll not changé as drastlcally as that of the treeline and )
the krummholz communities. T

(2) In summer theumicroclimate-of“such an altitudinal
gradlent is quite different. Gelqer (1965) compared tempera-
tures of peak (1447 m) slope {1008 m) and valley (645 m) at l”
‘Grosse Arber in the Bavarlan Forest Qf these sites the val-
ley stations were the coldest and wettest at night hut the
'warmest and driest during the day. The slope statlops were

.
gﬁe warmes? at night while during the daytime the.temperatﬁre
was dependent on gltitude.q The.daytimé“temperatures were
highest in the valley“and lowest bn top of the mountain. The
peak station showed the smallésf variation between day.and
' night_temperaturés. The mountaln peak had the driest- mlcro—_
~climate at night and moistest during the warmer parts of the
day.

Similér microclimatic relations may be found on Montl
Albert during parts of the summer. However, owing to its
lgeographlcal position certain dlfferences can be expected.
Espec1ally\the movement. of cold air masses from higher latl-
‘tudes as well as the ascent of warm humid air from ‘southerly
dlrectlons_may modify this picture considerably (Larsen, 1971}..

~ When one leaves the krummholz and proceeés‘downhill'on'
ﬁhe_northern side of the moun;ain, dlrect solar radiation can
be expected to decreasé (Dilmhi@n 1951). Radlatlon affectlng

log surfaces could be reduced even more since the krummholz .

and the boreal forests can be expected to have albedos which

differ by a factor of 4‘to'6'(Turner and Tranquillini, 1961).
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There is; therefore,:a drastic change in radiation conditions.
when one moves from the alpine tundra to the base of the.
mountain. Logs decompOSLng under the densely 1nterwoven‘
'kfummholz layer will receive less radiation than those re-
maining.upright Radiation in subalplne forests in a north-
ern exposure is ~even more reduced providing northern slopes‘
with a cool humid envmronment

On the unforested rocky plateau the clifhatic COndltlonS
may be close to those of an arid contlnental arctic fell—
field (Scoggan, 1950). The rocky'serpentlne tundra evidently
‘persists on soil with very low water capacity.- However,

precipitation effectiveness close to the treeline is consi-

derably different from that of the alpine tundra. Aérodynamic:

- factors of the vegetation surface, e. g roughness factors of

the mostly decumbent shrubby alpine tundra versus the awarf’
"krummholz and the subalpine forests (Kung, 1961) cause proba—

bly dlfferences in fog drip (Byers, 1953) Plants and epl-

phytes, especially in the krummholz zone, can- be expected to -
feceive more "pfecipitatiou" from fog toan.tﬂose of the tree;“
less.alpine tundra (Baumgartner; f958; Ellenberg, f959). o
Measurements of pfecipitatieaafrom fog with catchment nets ‘.
(Grunow, 1955) showed that the amount of prec1p1tatlon exceeded
.that obtained with ordinary rain gauges by 100%.‘ Since the.
frequent Alectoria spp. and Uéneq spp. in the subalpine forests

can be'considered to function\as "catchuent nets"” these results

have some relevance. ’



~21-

Y-

8. 'Vegetation
| The Petawawa, Heney Lake and Mont Salnt -Hilaire area are
all 31tuated in the Great Lakes - St. Lawrence REQLOH (Rowe
1972) ., Though the general vegetation rs somewhat similar,
there are regional floristic differences. The general Peta-
wawa area shows afflnltles to western areas (Moore, 1972)

In the Heney Lake area some northern. elements can be found
whereas on Mont Salnt—Hllalre a number of southern Plants are
present (Maycock 1961). " Mont Albert's flora is essentially
boreal and,'therefore, florietipally different from the other
.thnaaregiOns. There are, however, in the Petawawa area, the
Heney Lake region andg around Hont Saint—Hilaire azonal plant
conmunities'(Walter, 1970) which harbour cryptogams and cor-
mophytes of general boreal distribution.

a) Petawawa:

Most of the area around the Petawawa Forest Experiment
Station is covered by a mixed forést less than 100 years old.
‘The'woods contain a mixturelof'coniferous and decidous trees
sueh as ?inué Aﬁnobug; Pinaa resinosa, Abies bafsamea, Picea
gﬁauua, Tsuga canadenéib, Populus balsamifenra, Populus tre-
mufoides Acer nubrum and BeZula papyt&ﬁa&a According to

Braun (1950) this forest would: ‘belong to Helmlock—WWLte Pine-
Northern hardwood forests. Rowe (1972) classified the reglonal
forests as belonging to the Algonquln -Pontiac Section of the
Great Lakes - St. Lawrence Forest Region. The hardwood de01—

duousspec1es are most frequent on the flner textured soils of

the mesic sites- on southern exposures whereas the dry sites
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or sand derosits overlying shallon bedrock are ccuoled by plnee
(Lambert.and Maycock; 1968) . Flres and selectiye lumbering,
eséecially.since';BOQ, have resulted in a redyltion of the

once abundant stands of red and wnite vines.

b) "Mont Saint-Hilaire:

According to Dansereau (1959} the climatic‘climax of the

St. Lawrence Lowland is the Maple Forest (Acenretum sacchari

Laurentianum). This forest is dominated by Acex sacchanum,

I3
[

Fagus gnandiéoﬂia'and‘fiziarameniga%a. The virtual absence
of conifers from the forests below 300 m was emphasized by

.Dansereau {1959) . Also Rowe (1972) noked the predominantly
decidous charatter of the Upper St. Lawrence Section of the

Great Lakes-St. Lawrence Forest Region. The forests 'of Mont

Saint—Hilaire differ floristically from the regional forests.
Well drained dry areas and wet habltats provide suitable ni-

ches for conlfers and trees of. southern prevalence such as

N
¥

Carya ovata, Canrya condiﬁonmié, Quentus alba and Quenrcus bi-
~colon. Maycock (1961), therefore, noted in his taxonomic
treatment of higher plants of thlS mountaln the'transitional
aspects between southern and northern ristic elements. The
‘composition of the various climatic nd edaphic climax commu-—

nities led him to include the vegetatlon of the mountain in

the Northern Conifer—Hardwood Zone.

c) Heney Lake: ' , \
| J , o
‘The study area lies within/the Middle Ottawa Section of

the Great Lakes - St. Lawrence Forest Region (Rowe, 1972).

-~

The mesic sites are usually occupied by decidous treeSffhEreas )
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the dry sites or those with pooxr drainage conditions are domi- )

nated by conifers. ‘Therefdére, some elements of the boreal B

forest whlch .become dominant a few hundred miles north are

"

intricately mixed with ‘elements of southern forests (Hills,

1962).

'd) Mont Albert:

-t

The Gaspé penlnsula is covered mostly by the boreal forest

described by Grandtner (1966) in his hlerarchlal system as the

Abieto- P&ceatea ma&&anaei The south shore of the peninsula
as well as certain. valleys 'of the north shore along the St.
Lawrence' harbour mapie forests where yello& birch (Betula
a££eghah£énéié)is also present (DanSereau, 1959). The central
parts of the peninsule are dominated by Ab.ies baﬁéamea{ Picéd
mariana and Picea gfauca often in cohbination with Betula
papyrifera. On the lower slopes, sometimes on souﬁhern.expo—
sures, one also encounters Pinus stnobus and Betula atllegha-~
lnienéié. Thuja oecidentaﬁié.may occur in pure clumps ih rich
fens.or mixed with fir and spruce as large trees along the
main rivers. .

The boreal forest is less dense just below the sumﬁit of
Mont Albert. This subalpine forest is relatively open and

.

trees are reduced in size. 1In this area, especially close to
ravines’, - tall herb communltles with Henacieum £anatum can be
found.‘ These wet open habltats can be considered as being
natural meadows‘and are floristically very rich {(Scoggan, 1950).

Above this zone a truly alpine krummholz is encountered.

On the amphibolite of the North Summit this krummholz is found

at a higher altitude than the tundra of the serpentine plateau.

r
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This area harbours ponds along with, boggy and swampy habltats.
Most of the tableland however, is a rather dry alpine heath
~wWith dwarf shrubs. It should be mentioned that the floris-
,tlcally more interesting specmes for which Mont Albert 1s

- famous are present elther in more mesmc habltats or in open
rocky habitats where there is little competition from other

< . . :
plants (Dansereau and Raymond, 1948)., -
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-CHAPTER 1II

METHODS

‘1. 'Sampling techniques

" since %icroclimatic factors have overriding impoftaﬁce
on‘photésynthesis_oé cryptogams, it was decided that sampling -
dlong a moisture gradient, as measured by change of evapo-
ration from wet lakeshore to dry hilltop or along an eleva-
tional gradient from boreal to arctic-alpine climate, Qould
Be most rewarding.

a) Microguadrat sample design:

The vegetation of each log was analyzed by microquadrats
{LeBlanc, 1963).& This technique was preferred because guan-
titative aspects of’plant assemblages can be determined. Pre-
~liminary results obtained from random sampling with micro-
quadraLs of different sizes and shapes indicated that marked
discontinuities in épecies éomposition existed when quadrats
extended over the sides of the logs. Therefore, it was deci-
gid to sample only the central area of the uppe:‘surféce, that
is, that area forming an angle of 209 from both sides of the
perpendicular axis of a log. This decision, however, made
it necessary to use microquadrats of different shapes (Fig. 3)
in order to maintain a constanﬁ area. |

In the Mont Saint—ﬁilaire area, where the author started
his investigations, three.microqﬁadrat sizes were utilizgd:

1) 20 x 20 cm; 2) 10 x 40 cm; 3) 5 x 80 cm. Microqua@rat
sizg 1 was ﬁsed to sample iogs having diameter clagséﬁ of 100

to 50 cm; microquadrat size 2 for logs measuring 50 to 30 cm;

Fa



Figure 3. Sample design of microgquadrats for logs of

different diameters (see also Fig. 9).

i



| - SAMPLE ' DESIGN |
Mici*'ot'quad;,rat
-{Q ‘ . s ] ZI e‘
\\ . 3: 8x80cm.
| 2:10 x 40'cm
1.20x 20 cm
Diameter
- class
1:100-50 cm

2: 50-30 cm
3 30-15 cm
4: 5-0cm

Log surface-
(cross section)
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. and mlcroquadrat site 3 for logs havrng ardlameter of 30 to
‘15 ‘cm. Data for logs whose dlam@ter measured less than 15
cmAwere not recorded for this area.
In the Heney Lake area, inrthe Petawawa plot, and in
the Mont Albert transect the sample design was slightly chan-
' ged tQ'ihelude logs of smaller diameters (Fig. 14, p. 60).

b) Transect sampling: ; . i

;n the Petawawa area a'single rectangular plot (18 m x . ‘/
45 m) was sampled., The plot is situatedlin the southern-
corner of the permanent sampling plot no. 2 (P.S.P. 2) ef
the Petawawa Forest Experiment Station (Fig., 1).

Oon Easthill of Mont Saiht—Hilaire (Fig. 1) a transect
. of nine qtadrats (plots) located at regular intervals along

an elevational gradient was made. At every 30.5 m (100 feet)

all logs within a 30.5 x 30.5 m quadrat were sampied.
| In the Heney Lake area a transect similar to the one
made on Mont Saint-Hilaire was sampled. The quadrats close

to the lakeshore were arranged in such a way as to have them in

v -
,l'

~a position where contour lines cross the plot at approxima- f‘
tely right angles; Locatiag of plotsﬂclose tg~the lakeshore
in such‘a way ensures, in most cases, the presenceof a uni-
form forest community within a plot.

In the boreal forests of Mont Albert, for reasons of
logisties, plots were not arranged in a straight line as was
the case with the other transects. Tae'quadrats in_these
more uniform forests were also smalier, i.e., 232 m2 (50 x

50 feet).,'Tpey were placed at preselected spots ten meters
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from a hiking trail where there were no apparent disturban-

ces.

c) Sampling strategied within plots: . )

The sampllng Procedure within plots of the four study
areas can be reduced to basically three strategles (Cochran
1963) (1) restricted random mlcroquadrat sampllng (Mont
Saint—Hilaire), (2) Unrestricted random microquadrat sampling
(Petawawa), (3) systematmc mlcroquadrat sampllng (Heney Lake, .
Mont Albert) | ‘
(1) Intthe Mont Saint-Hilaire area locatlng of the
samples on the 1ogs within one gquadrat was done by the "ran-
dom walk" technlque Starting from the center of the plot \
'one traveled a preselected random distance in a random di-
rectrpn and the part of the log present at the shortest .dis~
tance to the endpoint of the walk was sampled. The dlameter'“
' was measured or 51mply assessed in cases where logs were 1n
advanced stages of decay, ‘and the appropriate microgquadrat
placed on the log (Fig. 3). The random walk procedure wasi
then repeated from the positf%n‘on the log jnst sampled until
Jall logs within the plot had been sampled at least one time.
When the -limit of the plot was reached durlng a particular
walk the procedure was stopped and a new random walk started
from the center of the plot Because with this sampling
strategy‘a tendency of oversampling towards the center of the
sides of the plot was encountered, the'technique was consi-
dered as being a'Testricted random sampling".
(2) In the Petawawa plot all logs present were mapped

! and numbers aSSLgned to all mlcroquadrat positions- on each log.

3
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Then these numbers were ertten on small cards of 1dentlcal

- l
smze, placed in a plastlc bag, and drawn out one at a timei

.after they had been thoroughly mixed. The procedure was
repeated untll all logs had been sampled at least one time,

The sampllng was w1thout replacement which means that a card
‘was not replaced since this mlght allow‘the same unit to enter
the sample more than once. The sampling procedure wlthin the
plot was considered as being an "unrestrlcted random sampllng".
(3} In the Heney Lake area and on Mont Albert all
}mlcroquadrat p051tlons ‘on all logs w1th1n plots were sampled.
‘The sampllng strategy was therefore con51dered as belng "sys—

tematic sampling",

2, Estimated or calculated values

a) Degree of cover:
Quadrat sampling techniques are often'employed in stu—
. dies of,cryptogams (Hale, 1955; LeBlanc, 1963). The degree
of cover of each species or the pPresence/absence are often
recorded in phytosociological studies. If it is easy to
taily presence/absence, it is not always so simple to esti-
‘mate cover, especially when plots of dlfferent sizes are
analyzed Because a sampling error’ls unavoidable in esti-
mating cover, a preliminary investigation was initiated to
find out how accurate "estimation" was. This is important
when sampling of the same logs is to be"repeateifin the

future.

.
3

. Four frequently used scales (Fig. 4) for the estimation

of cover arn those of: (1) Domin (in Shimwell,?197l),



Figure 4.  Comparision of four scales often/used for the

" estimation of cover.
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(2) Braun*Bianquét (1928), {3} Hult Sermander (in Sernander,

- 1898) and (4) Daubenmlre (1959) . Generallzed dlagrams

(Flgs. 5 and 6 ) representlng the vegetatlon of seven 20 x

- 20 cm mlcroquadrats were shown to four ecologlsts who were

asked to estimate 1ndependently the degree of cover of dif-

ferent specxes comblnatlons by u51ng the four scales -In

Fig. 5 nine plant-units are illustrated. . They represenﬁ the

vegetation of a microquadrat whefe plant combinations are

either dominant (100% cover), codominant;(SO% cover)‘or pre-

sent as single plants. Fig. 6 represents six microquadrats

where cover had to be“estimated fo; two‘eyntﬁetic units only

(Hutchings and HOlmgren, 1959) but peesent in divers_cembina;-

tions. Thelsurface occupied by various species er groaps‘of

species were plahimetrically.measured and Ehe exact valuee'

obtained were compared with the average cover values estimated

by the four test—persons "
In Tables 1 and 2 cove; falues estimateé'by four.per—

sons are actually compared for accuracy, on a percent basis,

‘with the exactly measured areas shown in Figs. 5 ahd 6 .

The inaeeuraey of scale 1 for the egtimation of cover in

micrequgarat studies is quite evident from the data cited

in Tables.l and 2 ;: Sgaie 4 is rated second in inaccuracy,.

whereas scales Zfand 3 are almost ideﬁ|ical ie tﬁeir percentage

accuracy with réspect to microquadrat'd:ta. It seems that

small ranges in cover:classes are respog ible for the differ--
ences demonstrated. In scale 3 cover clSFs 5 (50-100%) is

\ : .
rather wide. Therefore it was decided to \use scale 2 in these

"5
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Hat

Figure 5, Schematic'representation*of the vegetation,of

a microguadrat (20 x 20 cm) used for the estima-

tion and measurement of cover, e

€]
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-Figure 6. Schematlc representatlon of the vegetatlon of
six 51mpllfled mlcroquadrats (20 x 20 cm) * used

for the estimation and measurement  of cover.
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Tab le 1 ¥
Percentage accuracy of cover averages estimated by-fdur

persons for the vegetation of microquadrat 1 in Fig. 5.

Microquadrat  Number of

area symbol symbol . Scale Scale Sca}é Scale
Fig. 5 in Fig. 7 -1 2 3 4
P 1 50 75. 50 50 °°
J 2 75 50 75 50
c 3 50 75 100 . 100
N 4 0 25 0 25
S 5 0 25 25 0
D .. .6 25 50 25 50
T | _“!7 . 50 75 75 75
“"ﬁghicr 8 j 50 100~ 100 "~ 100
H s 0 50 75 75

Mean 33.3 58.3 58.3 58.3
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- Table 2
Percentage accuracy of the cover average estimated by -

four persons for the vegetation of microquadréts l1-6 in Fig. 6.

J
Microquadrat i_Number of
number in O~ quadrat Scale Scale Scale Scale
Fig. 6 in Fig. g 1 2 © 3 4
A i 25 100 100 75
I . -
B _ . 2 | 75 75 75 100
) A : 3 75 75 75 100
CIX ‘ ) ' g .
B - 4 N 50 50 50 25
A 5 | 75 ¢ 0 75 25
II1I . - - :
B 6 25 . 100 - 100 75
A T 50 50 75 50
v ) .
B g 8 25 25 25 25
: A 9 0 75 25 75
v ' .
B 10 0 25 0 25
A 11 / 25 25 50 0
VI ‘ :
B 12 100 . 50 50 0

Mean 43.8 54.2 58.3 47.9

s
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stﬁdies.l It has to be made clear that the data'havé_im§0rt—
ance for studies where smali“areas are investigated and where
plants are growing togetﬁer} especially whénpthey differ in
‘height by a‘factor of 1 to 100 or léés. | | 1

;$hef5uthor reaiizes that Tables 1 and 2 represent regult‘
data and o;ld‘have_been incorporated. in Ehelrésult sectionzl
Since they Yyrefer mainly to the‘methodé used in thg'iour.étudy
areas they have been placed for practical purposes, in this
part of the thesis. The-same remark holds - true fof the 6ther
experiments described in relation to 'h&arogen‘ion concen-

tration, ecological diversity, and degree of succession.

In Figs. 7 and 8 the cover percentages measured with a

planimeter, are -compared with those estimated by‘four persons.
The_ﬁigures show that ét low percentage bover,estimétes are
generally top high whereas at high percentage coveﬁ} they are
too low. Between the 20 and 60-per¢ent cover figure the
measurements estimated ééatﬁer pretty well around the real.
values. Estimates$ from scales 2, 3 énd’4.$how no coqsistent
_pattern in'their deviation fﬁom the measured values. ‘Esti—
mates from scale 1, however,‘tehd to follow the real value
rather closely.

The microquadrat tedﬁnique for the estimatidn.of cbver
is gquite suitable for cryptogam studies and yields reproduci-
ble results’ of fair‘acburacy. Precisioﬁ usually inc?eases
with experience inisaﬁpling (Greig—Smith, 1964). It is
_thought that the generally green-brown color difference (plant-

log) and the numerous combinations of shapes and sizes of

P



¢ Figure 7.

Exact cover percentage comoared-with the average
cover estlmates made by four persons u51ng four
dlfferent scales for analy21ng microquadrat 1
(Flg- 5}; (see Table 5 for reference of number

of quadrat)
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Figure 8:

4
\

[}
Exact cover Percentage compared with the average

cbﬁer estimates made by four Persons using four
different scales for analyzing microquadrat 1 to
6 (Fié}jﬁ). (See Table 6 for‘reférence of number
of quadrat) ., g
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cryptogams that thg-investigator had to face in the field,
madéiﬂenbrocesées associated with cover estimation far more .
. '_. ’ N

complex than one might assume from the simplified pjicture r
presented here. The tenaency of overestimation at low cover
values and uﬁderestimation Qf high cover vélues_was common to ‘ ‘
all scales. | . l; -. : -
It was finally decided to use écaleyz which has the fol-
lowing range: - ,f;
1. ih&icates.that a specles covered an area betwéeq
1 and 5% of the microguadrat, ‘ ‘ ‘/
2. indicates that a'species covered-an aréa between
5 and 25% of the microquadrat,

3. indicates that a species covered ar. area between

25 and '50% of the microquadrat,

4. 1indicates that a spgcies covered an area betwéén
50 and"?S% of the microquédrat,
5.I indidateS'that a species covered an area between ;
| 75 and 100% of the microquadrat. .f
ﬁeproducibility of estimates with this scale, judgiﬁg
from the percent‘accuraéy, is fair although averages from
midpoints of covér classes from scale ]l are bettér thah those

of scale 2. . ‘ ' ' ' .

b) Growth-forms:

In a preliminary survey, qua;itative:differences in
growth-forms of plants were observed along an'eléyatiqgal
- gradient-on Mont Saint-Hilaire. Therefore, it Jas decided
tb examine the growth-forms of bryophytes, lichens énd cormo-

phytes (vascular cryptogams and phanerogams).



~40-"

(1). Bryophytes:

Evidence from an earlier experimental study (Muhle, 1965)
showed that orthotropic forms had to be sepafated from plagio-
tropic forms. In thélorthotropic'fprms a,distinction WQS'
made between cuéhions with nﬁmerous terminal shoots per sur-
face area and turfs with few shoots per surface area; The
fbllowing guideline was useful’for the distinction between
turf and cushion; when ﬁhe,distance éf the central shoot in
;elation to the closest neighbouring shoot of a colony of a
.given species was more- than one third of the total height

'kdead bases included) of the central shoot, the whole entity

was assigned to turf; when this distance was less than one
third, the colony of certain species was recorded as cushiqﬁ.
This somewhat rigid separation Waé necessary‘beéause on logs
of'differént ages a mosaic of'cryptogams QE,E;A sizes-ané

éges’cagjbe expected;

Three size classes were estimated: bryophytes in size-
I3 ‘ : .
class 1 ranged from 1 mm or less to 10 mm (height of erect
plants or thallus diameter of appressed gfowing species);

2

size—claésrz.gxtended from 10 mm to 20 mm; plants larger tﬁgnf
‘20£mm'were.placed.in size=class 3. .
'(ii) Lichens: .
For the lichens the four classical growth-form.types
were identified: érustose, squamulose, foliose and fruticosé!'
‘Two size classes were distinguished. Lichens in size-

class 1 ranged from,l mm to 10 mm while species large:'than

10 mm were placed in size-class 2. Agaiﬂ the size refers to
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1

the height of erect plants or thallus dlameter of : pressed

grow1ng spec1es

(iidi) Cormophytes ‘\

Seedllngs were cla551fled as trees, shrubs or he bs.

When young plants were larger than 1 m in the case of trees,

-

0.5 n. 1n the case of %?rubs or 0. 05 m in the case of he bs

they were recorded as trées, shrubs or herbs

2

c) Raunklaerlan life-forms: \'

L

The %iversity_in growth-forms encountered on Moht Saint- -
Hilaire shb&ed a distinctive pattere along an elevational
gradient. In the Petawawa study a more detailed'analysis was
attempted throﬁgﬂ' the application of Raunkiaer's sys.te'm of } \
plant life-forms. The key provided by Ellenberg and Muller—A
DombOlS (1966) was followed for the cormophytes. The key- !
used for the thallophytes is slightly modified-andladapted
-for,those cryptogams ehéounteree on. logs accerding to the

following scheme: "

1 Plants with chlorophyll, or at least with access to .
) photosynthates .
o 2 '. Planis in close contact with humuys, litter or

i

the ou%er wood cylinder of decaying wood

. 3 Dense (cushion-like) to open (turf-like)
erect plants

THALLO-CHAMAEPHYTES

Y

3.—. 'Flat-matted, appressed plants
' o e THALLO-HEMICRYPTOPHYTES
2 Plants attached to the surface of dead or living
bark

o THALLO-EPIPHYTES

1 Plants without chlorophyll , .
THALLO~SAPROPHYTES

- )
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Subdivisions of these ‘groups were distinguished and are.
.
listed with an example in the Petawawa section. For the
Vin b
division of major groups, growth characters similar to those

used for growth-forms were applied.

d) Stége of decay: .
‘%he decay stages.commonly used in wood science are
(Society of American Foresters, 1944): .
1, Thé invasion phase or hidden stage,
2. The early phase or the incipient stage,
3. The typical phase or the advanced étage,
4. The final stage. ' -
This is the scheme that was used with slight modifications.
These were compiled from the work of Arnb?rg {1942), Raschen-—
dorfe; (1946) and Peck (1954). Thé authof of this thesis ad-
. éed characters.of” the trunk and roofs whi&h could be recog-
nized in £he field. - For each log studied-thé condition of
the bark, roots and twigsh especially fo? those  logs @hiéh
had been blown over while still in liéiné'béndition was re-—
corded. Dead trees, wheﬁ standing upright for some timge,
lose their bark and twigs tota%ly or parLly before falling
to the horizontal positioﬁ.‘ In thﬁs cas;, the estimation of
'the'stage of decay in a certaip microquigraﬁ was based on |
the condition of the outer wood cylinde% only. Since these
trees frequently.break'at the‘base or since their roots decay
iﬁlfhe ground, they have only a small impgct on the soil
su;face. This difference was used to séparéte them from

wind—up;ooted logs which always show prominent mounds at

their former tree base (see also Fig. 37, p. 174).
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A description of the. decay stages distingudished in this

S

study is found in Tables 3 and 4. ' S '*l .

'

ej &ydrogen,ion concentration:

Water infiltrated in wbdd.and in equiiibriumiwith chemi-
‘;al compositicon of the woéd has a certaiﬁ ol whicg, in the'
outer wood'cylinder eépeéially close to the surface, influ-
éncés plants growing on logs. Sincé in'mosﬁ_ééses, ié is not
possible’to obtain fhese'solutibns from the wood one has to
resort:po‘anbther;techniqUe.‘ One way to proceéd is to mea-
sure tﬂé“pﬂ'iﬁ some sort of‘woodéwater»suspension. This
usually means that the‘wood has to be brdken_up and its

natural moisture content increasSed by addition of -deionized

water. Since in any wood-water susperision not only the free .7

t

diffusing hydrogan ions affect the hvdrogen ion activity but

this ion activity is also affected by the hvdiogen ions ab- :

sorbed at ‘thé wood particles and also affected by substances
in colloidal state, -then as a result, one usually obgerves a
"suspension effect" (Schlichting:et al., 1866). One way to

the suspension effect, which usuallv re-

sults in unstable potentials, is to measure the dH in a’pasty
wood-water éuspension.(HZO—p}, Steubing, 1965) .. The vasty

condition of the suspension is generally considered to be a "

fair compromise between physicochemical measurement reguire-
. P ’

[

ments ahd a proximity to natural moisture conditions (Ellen-

berg, 1958). Another way Eo'minimize the susbension effect

is to exchange the hydrogen ions absSorbed at the particles

with N-KCl in tﬂe;foiloﬁing way (Schlichting ef a}., 1966) :
+ +

- == H_ _-K_- zut 4 y-zx
H + wood + yK —= Ho K, wood + zH + vy &

-
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‘Hydrogen ions are exéhanged _ on the particles andireQ:E3
sult in a generally lower pH. . The éuSpension effect is not
observadby thisﬁ@thod_and the KCl-pH is,\ therefore, consi;

'JMQgréd in soil science-é reprbducible value largely independent
.of seasonal cﬁanggs (Schlichting et al., 1966).

Among the ecological factozxrs of'the cryptogam Substrate,
the pH of the outer wood cylinder is usually coQéidered to
have good indicator value (Brodo, 1973).

To determine the pH, wood samples were collected froh
the upper part $f logs. Thé thickness,of each wood saméle
was one to three"mm; hdweﬁer, when a log was covered by humus
the sample could be és thick as s%x mﬁ. This material was

" kept in sterile bags. For all tﬁese pfocedures, material was:
ground to very fine partiéles and the fluid/solid ratio waé
kept approximately 1:1 by vélume. With this ratio the sus-
pensioﬁ-was‘generally found to have a pasty consistency. All
pH measurements were done with an Ingold”glass_electfode.
Other electrode types failed tq%yield reproducible results.
Standardizations were dohe with test buffers over the me§~
sured range beforé,‘during (in some cases) and aftér‘the
measufements. The material was kept for 12 hours in.suspen—
sion and was stirred carefully ihfee'to four times.

(1) Effect of particle 'size:

When measuring the hydrogen ion activity the type of
bark-water suSpensidn can modify the pH to a certain degree
\*//(Culberson, 1955) . Therefore, it was decided to investigate

the effect of pérficle sizes of decayed wood on, the hydrogen

ion activity of the wood-water mixture.
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R

Biréh Qood homogeneously decayéd (decay stage 3) fré%
Pétawawa was exposed to different grinding méthoés which
yielded five sets of sémpies of diffe;ent sizes. After the
pH had been measured, the éamplés were dfied and the actual
size of fifty ran@omly selected Ré%ficles per set were mea-
sured. . | |

All samples investigéted had the same volume. To make
sure that possible effects of d%fferent pérticle sizes on the
glass elécﬁrgde were not masked by other factors (e.g. dif-
ferential éeparation of particles‘oﬁ ce:ta%n\;@zés) the N-KCL
method was tried together with the water suspension methéd

(Steubing, 1965).

IH)Fig. 9 data aré presented for eight samples (1;8,
in Fig: 9) which were ground into five sibe classes. Méénsnﬂ
of the antilogs of the pH vdlues of these.eight samples were
not ‘calculated since thig.pr;cedure would assume that the
hydrogen ion activity is comparable (Rypacek, 1966). Hydro-
gen ion concentration of wood suspended in water and pH of
Qoéa suspended in N-KCl are shown with different symbols.- It
is é consistent observation that from size classes ﬁ’to 5,
the pH decreaseé. Wood pieces in size class i, obtained only
fof two Famples, yielded a lower pH than those of size class i.

In the following experiments dealing with the effects of -
site and season, all wood was ground,to size classes 4 to 5.
The same procedﬁre was repeated for wood.sampled in the Peta-
wawa plot.

(ii) Effect of site on the log:

Since the log sﬁbstrate may be either chemically homo-



4
. I
' Figure 9.. Effects of iéfferent size classes on H

2O—pH and

KCl-pH, Size distribution of 50 randomly selected

particles given below.

L4 ' .
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geneous or heterogeneous as a result of microbial acthlty,
" a sampling studvy was necessary. Varlatlon in PH measure-
ments is possible in space and/or in time. Therefore 1 log

from Kingsmere in the Gatineau Park was studied with respect

’

to spatial variation'in pH from a number of samples scattered
evenly over the whole log .and kept separate in sterilized
lplastlc bags. In the 1ab these individual samples

1 2 3 4 5 6 7 g
were partioned ie the following manner:

Il .

- *11 *12 *13 X34 X5 X1 Xqq Xpg
2 Xy %32 *23 %24 ¥35 xés ¥27. %28
3: *31 ¥32 ¥33 X34 X35 X35 X39. X3g
4 Xy xyy %y 44 Y45 Y46 *47 X4g
2F 0 gy Xgo x53'5"‘54?"55.}‘56,""57 *58 : |
6: ¥61 %62 g3 ¥gq Xg5 Xgg *67 ¥s8
7: ¥71 ¥72 %73 X794 x75""76""'}7 *78 |
S *811%g2 ¥83 *g4 ¥gs %46 Xg7 Xgg

82
Then they were reeombined in a sequential manner leaving the

first column (x x3i .- xsl).subsamples unﬁixed. The

11 *21
sample indicated as Xj, is'illustrated in Fig. 10 by a large
symbol, whereas the other samples in the first column are

represented by small dots. For the second column, the large

symbol in Fig. 10 stands for the combination of X15 + X557

the rest of the subsamples in that column were measured se-

parate and are 1nd1cated with sma;l dots in Fig. 10. 1In

.
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the third column.the subsamples X143 + k23‘+ x33 Were recom-
bined leaving the other fiée subsamples uncombined. The
procedure was repeated up to the last column .starting with
X1g where all subsamples were recomblned

In Fig. 10 the Qata for twe sets of experiments are
shown. In Ehe'uppe; part -of this.Figure, only ﬁhe'recombined
subsamples are pictured.

‘ The approach followed, explained on the ﬂrevious page,
is sequential in nature. ‘ Therefore, in a strict sense, no
combined sample for sample number one exists; it was never-
theless indicated as a big dot in the lower part of Fig. 10
since it was, in all other'respects, comparable to 'the com-
bined'samples .Since for all sﬁesamples and combined samples
a separate ‘measurement of materlal was prepared ln the same
fashion, one could formulate the hypothesis that with the
decreasing importance of a local part of a ‘sample the pH ap-
proaches asymtotically a certain.value. It is evident that
fgem sample number 6 on, ﬁhe‘big dots show only little devia;
tion from a pH. of 6.3. Similar data for different ﬁood are
found in the. upper part of Fig. 10 . From sample“eumber 4 on, .
the pH values measured in HZO as well as in N—KCl change only

sllghtly.

(iii) Seasonal changes of EH on a log:

Seasonal changes in pH (HZO) values in soils are well
documented (Ellenberg, 1950). Very little is known, however,
of their effects in the field on cryptogams in general, as

&k

well as—en changes in the outer wood cylinder of the log. 1In



&

Figure 10. Cumulat%ve Hzo—pH and KCl-pH (above) and compa-

_rison’ of H,0-pH of sequentially combined samples below
(big dots, except number ?ne for reasons given

on p. 51) versus subsamples (small dots).
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Fig. 11 the chahga of pH onh a log during one summer is given.

~

IL lS cbvious that in certaln varts of this Dartlcu’ar pine -
"ldg 1lttle fluctuatlon can be.observed,_whereas in ?}her
.parts the pH changes seem to be'more;pronounced."In those - ’

éo—nﬁ and Kcl;bﬂ are
-f

not Uarallel,the sampl?s were probably not identical duge to '
A T ‘

phloem remnants: w1th ﬁinlng beetlgs and larvae in it le;tahmv

instances where the curves representing H

and there on the log after the bark had broken off._ Aﬁier ‘E
‘the second sampling in the field, the phloem effect was;;écogm
nized and cOmpensated for through appiopriate sampling. Even
when the above-mentioned restriction was taken into considera{
tion, it isqprobable thdt some of the pH changes were af ffected ) '
by hydrological factors of the substrate. !
The sampllng s;udles 1n relaulon to pH suggosL that a

representatlve pH measurement exists for a certain log.

Seasonal variations, although important when pH samples are
taken at different times, are of little importance for logs
present in dry and mesic sites. , : (

' f) Ecological diversity:

Ecological diﬁsfsity as defined by Pielou (1969) relates
Doés Lhe number of species present in a certain sample gnd
Lhe mannayx by which 1nd1v1duals are aooortloned among spe-—
cles within a sample.

| Within the broad conce tTof diversity,.basically.threef

" types of indices may be distinguished. The first type is

based essentlally on numoer oL species Or on some other

measure of spec1es abundance (MargaleLf, 1958) The second
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Figure 11. Seaso ' .
. e | nal ﬁzo—pH anq Ecl-pH change on l4 positions
S ... - ©°n asingle log (fxom Gatineau Park)
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type of index requires also some measurement of species number

| RN | e S numb

but, in addition, ‘one has to assume the existence of hypothe—

tical distributions of spec1es abundance (e g. Williams 1964)

The third type of diverSity measurements are basedﬂ%) formulas
‘used in the'information theory (Margaleff, 1958) . It relates
kboth number oﬁdspecies present in a sample and the_way tﬁey _
are alloted among species within that sample. Pielou (l§66a}
1966b, 1967,. 1969) discussed‘tﬁe proper use of the third type
*indices: ‘She recommended the use of the formula given below
in cases,when."a particular collection is treated as an entity‘
-+ to be studied for its ‘own sake" {Pielou, l§57, p. 167). Eco-
logical dirersity was calculated acccrding-to the following

formula (Pielou, 1967).

flog-Ni:]
l .

-2t -

__ X N
H = [log N ! i
L

In this formula H stands for the diversity per individual. -
When the~base of the logarithm in the formula is 2, H 1s exw"

pressed as bits of information.’ N is collection of lnlel—'

duals belonging to, s species with Ni individuals_in the;ith

. s . . . .
species [i =1, 2, 3, ..., 585 ; _El_Ni =N; ! = factorial].
‘ 1= i :

<

Since "species diverSity" is a rather ambiguous term-

(Hurlbert 1971), the term ecological diver51ty is preferred
for diverSity values calculated with the above-mentioned
formula. This formula is used for diver51ty calculations in
the Petawawa section.- ‘

o To be able to calculate diverSity values one must deal

Ve
with reasonably well distinguishable entities. or countable

L



individuals. Since for many cryptogams the concept of an
individual cannot be applied easily, a measure of’ relative
importance (cover, biomass, etc.) is sometimes used in the

.calculation procedure (Whittaker, 1965).

(i) "Cover-diversity" .compared with "terminal-

shoot~diversity":

To'thedknowledée'of the author no comparisiOn-has been
'made_in the past for microquadrat sampling aith respect to
diversity values (number of individuals_vs.'degree of cover).
Therefore, a sampling study was made on cryptogam communities
whose members have terminal shoots distinct e;odgh to be

._counted. - : .

For this part of: the dlver51ty study a log with well

developed cryotogam cover was systematlcally sampled with
mlcroquadrat size 1 (Flg 3 ) and w1th cover scale 2. Then
this represegtatlve part of the 1og was sampled, but this
time the terminal shoots were‘counted. For both series di-
versi:y values were calculated. The counts of ladivldual
shoots were used dlrectly in one case; whereas in Ege other
~the cover data were transformed into sgquare centlmeters based
on midpoints of”cover~classes. Since many types of mosses
~do not have easily countable individuals in manyACasesjit"is
almost 1mposs1ble, for morphologlcal reasons, to trace indi-.
viduals back through their dead branching systems) one has
to rely on cover if dlverSLty values are to be calculated
Id‘some cases, however, terminal shoots are easy to distin-

gUlSh and some data for such plant assemblages weare collected e

and were.used to compare diversity calculated from cover,values
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with diﬁersity values based on counts of indivi ual shoots.
From Flg l2 it is ev1dent that the dlverSLty v lues based

on counts of "1nd1v1duals are lower than those calculated

from cover data, BotH sets’, however, show a similar trend.
. - : .

Therefore it seems to be justified to use midpoihts of cover-

values for the calculation of diversity values.

(ii) Systematic vs. random sampling

3

For this part of the study a log was sampled with micro-
quadratlsizesl' first systematically and then randomly. to
compare these sanpllng modes in relatlon to dlverSLty values.
For thlS study a log w1th an obv1oas env1ronmental dlscon%\
‘tinuity was chosen: "half of the“log still being covered by
" bark while the rest belng exposed wood. For this part (ii)-as _'
well as the third (1ll)afsequentlal calculating approach for ”

the dlverSLty values was followed (Pielou, 1969). Therefore,

the abscmssa in Fig. 13 has to be 1abe1ed"cumu1at1ve sample

number" It is ev1dent from: thls flgure that levelllng off

exists for both random sampllng vrocedure {cumulatlve saﬂgle
f

!

ample number

number 18) and systematlc sampllng (cumulatlve
91; It is, howeveq, ‘noteworthy, that the systema i¢ sampling
"does not level off on bark in such clear fashion as i \dJes

On'wood.'

(1:1) Mlcnoquadrat shape and cover- dlverSLty

-

Ta find out/the efféect of different quadrat shapes on

the ecologlcal ;nformatlon obtained through systematlc sam-
> ~
Pllng, the same log was resgmpled with microquadrat, types 1

to 4. The miéroquadrat's ple design'for this study'is pre-

sented 'in Fig.

14, le same sample design is used also in ‘\\\
{ ; )
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Figure 12. Comparison of diversity values calculated from

counts of individuals and from average cover

[}

(mid-points of Cover classes,

for three species.

- D
"

scale 2 in Figﬁg4)

i
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ﬁyff; - Figure 13. 'Diversity of plant assemblages on a 152 with a

wosd bark giscon%inuity based on systematic and

" -~random samples.
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Figuref14. .Microquadrat'sample design for logs in the Peta--

| x
wawa area, Heney Lake and Mont Albert transect

(for sample design of Mont SaintAEilaire, see
‘Fig. 3).
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MICROQUADRAT  SAMPLE  DESIGN FOR LOGS
OF DIFFERENT DIAMETER CLASSES

. DIAMETER MICROQUADRAT
CLASS NUMBER

. . i ‘
v @ g ‘ 17-% em
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SIZE

3-i33cm

©33-17T em
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" the Petawawa areai Heney Lake area ang on Mont Aibert.. Frem Fig.
7i5 it is'apparent that although a mucﬁ smallerlsegment of
:‘the log was sampled a 51m11ar dlver51ty value was obtalned
W}th‘a more rectangular quadrat levelllng off of dlver51ty
values 1is more drfflcult to demonstrate and, therefore, a-
lessrclear'distinctioﬁ Eetween‘dirersity values will be ob-
tained from plant essembleges growing on eifferent substrates.
It;eeeme'juetified to use midpoints of cover classes for
‘the calculation of drrersity'vaiues. For -a repreeehtative;
sequence of plant aseemhlages) dirersity values obtained
from eover estimates are'simiiar‘ro values based‘from shoot
counts. When a€?andem‘eampling prOcedure is used on a log
covered with a-clear:mosaic ef-plants, morersamples.rhen usu-
ally 'used in s;stematie sempling ere necessary to~ob£ain afj,~f
levelling orf'ef,cumulative.divereity values. "’ Frem the study
of diversity valuee in relation.rodifferent-shapes of micro-"
quadrars it is evident that the'céhposite samples still show
the presence of two dlst;rct reglons (wood ws. bark) of pro—
bably dlfferent pattern 1nten51t1es. Since the absolute
diversity values do not drop‘with'increasing rectanguler
quadrat sﬁapes, the microquadrat.techniqﬁe is rather insens

sitive to variations in small scale mosaics.

g) Species richness: = @%

¥

by

Hurlbert (1971) discussed "species diversity" and foung'
the ﬁresent use of the terh to be ambiguous. The author,.
therefore, restrlcted himself to species richness which can

he calculated easily and which represents one aspect of di-

versity. No attempt was made to calculate the second aepect,



Figure 15,

. . ' .
Comp§rison.of_diversity values calculated

#Systematic samples.

shapes.

N
9
L[]
3
.
T 4
F
Y%
LT
.
.
o

from

of microquadrats of dpfferent

L .
Y SN K
\
\‘:‘- -
B
-
R T
n
'
a
.
. - L
4
' PN
) LI
- /I
v
!'S\
. t
) N
) J
.
' -
-



~62- - . '_ <

e |

// ' ’ " “ i
/ | __ . . MICROQUADRATY -
Wooo - ARK - NUMBER | L

(SIZE 3Ix133em)

a1

L% R

L e e o e e T

0.4

a :-"'_c , A ;‘vr‘ f
[ “' - - .
A L}
> g : -
- v v r -
! i L) Loz 16
—_ ;

{5IZE 20x20em) °*

S T . ’ o o ) . b t
o 1 3 R AR M s 30 . .
- . CUHU[AUVE IUHBER OF SAMPLE UNmITS - .. . . .
b . ‘ : . - - ‘:_ -
. . 7 / .



4 SR .- -63-
1e..the evenness or'equitability component (Hlll, 1973) e

'_~Spec1es rlchness was calculated as number of species per
quadrat (plot). In the Heney Lake adﬁ Mont Albert chapters'

'spec1es rlchness is expressed as number of species per growth~

of deca;\and/or positions .on the gradlent. o "'%”j
Since spec1es rlchness was calculated pér unit area, it
is clear froghthe sampllng deSLgn that only Mont Saint- Hllalre
and Heney Lake are strictly comparable: In those two areas
the plot size.was the same, whereas on Mbnt Albert and in the

Petawawa area different plot sizes were used.

h) Degree of succession:

. r '\\_k\ . _ -
In succession studies authors usually survey direct

vegetation changes only over relatively short time ep'ane \

(e.g. Bornkamm, 1961; Brodo, 1968; Ares, 1972). When, as in’
the case for the PetawaWa plot, a comsiderably longet petiod
of time of successional cnange is investigated,.some indicaé
ticn of the successional state of.certa%n plant aééemblages
is necessary.:

The successional stage is indicated with an index esta-
blished by Nnmata (1969, 1970). The.index is defined by

PN

Numata (l§70l as:
| .DS§ =-i£i§— . v
n
where‘DS stands for degree of successions, 1lf is the lifespan
of the constituents in years, d,le'a dominance measure, n l;
“the number of sample species and v is the ground cover ra}lo.

This index will be used in the Petawawa chapter only
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since hore some 1n£ormatlon on the- llfe span of the consti-

tucnts could be obtalned\\

inglex are calculated from micro- P

L
!

quadrat data (e.g: Petawaw :%lot) one has to know what 1nflu—

Then values- of t i

ence a mosaic of dlfferent successional staqes w1th1n each f
microquadrat could have on thls value. This small scale <.

mosalc, sometimes encountered on unstable surface of logs,

results in overlap"'between successmonal stages when a for~

L

malized mlcroquadrat sample deSLgn is. used

To.lnvestlgate the effects of overlap on degree of suc~
cession a synthetic series of curvesTyas created. The curves
stand for_individual,populations and Xrere kept in such a

form that they can be described in rather simple arlthmetlc

terms 'In this "guasi-simulation" three identical series of

S

T—
cuE?Eé*were graphlcally composed in such a way that varlous
“‘—._,\_-\
e - '
degrees of overlap” oecur. .

Before the data of overiép“oi,the three series of curves

| standing for abundance changes of 18 populdttens _can ‘be pre-
”'sented, the.formula for DS (Numata, 1970) has to berdefrned\
"~ by the euthor of this thesis for the simulation study. m“-TMH
ane formula has evidently three'major_componentsi. (1)
the competitional component (c) = d/n; (2) the relative open—
ess component (roT\ Vi {(3) the lifespan component (ls):= 1f.
(1) If there are N'lndlvidpals belonging to s species and
the number of individdals fo;“the‘tespective species-are Ni
ﬁ2N3-... Nm then, .under consideration\of unidirectional

change, abundance relations existing between populations of

individuals such as in Fig. 15 may be proposed, For tne sake



Figure 16, Graphic display of two synthetic succession

. seqguences (species = 81 S, S, Sy Sgi vigorous

i = ; cies = s S i
specles Syl Sy2 Sy37 Weak specie w3

| wl w2
t0 = point of time of maximum abundance; t

v
b

e
time of establishment of a particular species;

c, = actual sum of cover; ct-=_total possible
cover) . -

)
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of simplicity symmetric 51nu501d abundance curves are consi-
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dered in the upper part of Flg. 16 although in nature assym-
metric curves llkeijuaonbs in the lower part of the same
figurec secem to be more common (e.g. Kellman, 1969;

._odmu, 1971). Out.of.tbe total [51-52 53 ft' Sm] certain

‘vigorous species[sv Sy1 Svz Sv3 " Svm] (eig. s; 84 Sg in

Fig. 16) may become dominant whereas other species[sw Sl
S,2 w3 " st]' are relatlvely nweak" {small covor produ-
cers, .9+ S, 53 Sg in Fig. 16) and remaln subdomlnant. The -

conpetltzcnal component (c) 1%, therefore, defined by the sum Of

S

m
the quotientL t,0= z vm} at a cortaln time t0 of tbe successional

=1 800
sequence as chown in the upper part of Fig. 16:

(2) The actual area covorcd by all populgtions at a deflnite
point of time is called c, and is doflned as c, {see lowor
swpart of Plg 16) byﬂthe sum of a‘certain abundance measure—
mcnt (e.g. ovei) of all species encountered [ca= 1?1 SJ.
Overlap oﬁ cover of twbd dlfferent populations which ought to
be_divided between the two populatlons in questlon is not
considered. The total plant available space is called C and
tbe relation to c is plctured w1th an. example in the lower
part of Fig. 16. The quotient between the two[ro =c /c ]
| is called the relative opennesscomponent. .
-3y The'"life span" 1f of a population is defined for the
sinusoid caSe[lf = 2 (t + to)]where t, = 0 and 1S\Fhe point
of time when the_pOpulatlon pecame established and ipfls the
time point of maximum abundance (see upper part of Frg 16
for t,, tg). The life'span component is defined by the fol-

m
lowing quotlent[ls = 21 lfl]whcre d is the number of specmes
l: d

}.
/

" /-‘—--_.\ . ’

N
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at a specific ggint‘in time, 1f; are the life spans of’parti—_

cular s,[ Sy. Sy Sy --- sm]. occurring at a definite time in
the successional sequence. No

.\-.
W -
~

" The formule for DS may, therefore, be simply expressedf

P

as DS = ¢ + ro - ls, where ¢ is the COmpeﬁitional'component;
ro is the relative 0peness component and.ls the life span
component. This deflnltlon was used to calculate the values
of DS from the three serres‘(i, II,-;II) of identical curves
standingifor the cyelical development of aseenblages of popu—‘
lations (Barkman, léSS;'MoraVec, 1969) . .
. k P :
The data from the simulation study are presentedoin ' : I

Fig. 17- The line for the changes in DS was freely fitted to -

the scattered points to show the main tendency. It lS evident
that increasing overlap of the different series glveé rise to
less abrupt changes in D 5.

The degree of succession seems qulte a suitable quantl—
tative index when some 1nformatlon on the life span of the o
populations can be obtained. Since this was the case only
in the permanent sampling plot for the petawawa data
the D S could only be applled for that plot. Secondly, it is
1mportant to note that overlap of different stages is rare. -
1f, however, the overlap is 1rregular or w1de, one can predict
a scatter diagram without a clear tendency for a change in
D S. This limits somewhat the general use of the D S in suc-
cession studies with quadrat eeﬁpiingu

3. Data of organization

a) Preliminary table:

For the arrangement of "the data matrik one has to keep



Q

Figure 17.

o

-

Synthetic sucéessionai sequence for demonstration
of overlap between three identical series (1,

IT, III); the‘ls sinusoid curves with a series
stand for change of abundénce of individual

populations-(e;g. Whittaker,-1970).
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:'in\nind that a species-releﬁé table is a.two—Way tabie having
relevés. in columns ‘and spe01es in rows (Table 5). A relevé
ig a term used within the Zurlch Montpelller tradition for
\ a record of 2 sample from an area with unlform vegetatlon.
| The unlfornlty sometimes objectively quantified (e.g. Dahl,
1956) is, in most cases,‘subject;vely assessed. The author
used this effective field technique for the tree stratum only.
_The'term relevé'(reCOrd of a stand of vegetation) is used »
also for the cryptogam stratum although a guadrat sample
design is not generally used in the above—mentloned field \
technique.
The information from &il guadrats of the’transects was
inzorporated into a preliminary table (Tabie 6) listing the
coverage data for all microgquadrats. Certain'quantitative
aspects (e.g. species richness, average percent cover, fre—
quency , and average percent frequency) were summarized using

this kind of table.

b) Table sorting technique: | ‘ \
\\ ' ‘The basic aim of the table sorting technique is to group P

those relevés together which have in common a partldular group

\ of species and vice versa to group those spec1es together
\ ’ i -
,ywhich are typical for certain groups of releves. Cattel}

[ ot

(1952) poxnted out that such a data processing technique re-
presents a 51multaneous computatlon of Q type analysis and

of R-type analysis. The technique has been described in
detail by'EllenbergI(IQSG), Becking (1957) -and critically

evaluated by Moore et al. (1970) .. They concluded that this
- '. ) /_/

table sorting technlque wis preferable for general séryeysf”

“‘ . ) ‘/

\ - -

\ -
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TABLE 5

Two' way spécies relevé table

M: 1 2 3 e e e e s
\ .
R .
1 Xqq - le X3q f . e = e s le zq
: ' z
2 xl2 x22 x32 e e e e e s XNZ ) )
3 xl3 x23 x33. RIS xN3 23
- - .:/. . - -
e e e e e . z
" flm ¥am *3m. - . me m
S R
Yy . ¥y ¥z ettt ,Ym’c\
.’///
S : Number .of species////

M : Number.ef microquadrat

//B/}{'Num§er of species per row

C : Number of species by'column
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Preliminary table "'g

l : C .
! Al 11 1 121 1111 T
| . “* 664589 27307485191 03
‘ . B- 1111121111 2 .
| 1 77 12345 6 7890 1.23 456 789¢0 :
At B' : (
20 1 Tgl YR XXX XXXXXXXXX XXXXX i
21 - 2 X XX XXXX XXX X %X X .
10 3 X X X X X X b4 x ° XX X X '
22 4 . XX X X XX XXX b4 X
11 © 5o X X X X X XX X X X -
12 6 X X X X X X X X X X
6 1 x X X.X X X X X X
7 8« X X ¥ X X X X X
8 9 x X X X XX X X
23 " | 10 X X X X X X x X
2 11 . X X X X X X X
13 12 X X X X X X X
14 13 X X X X X X X
1 14 X X x x X X ‘
3 15 X X X X X X
4 16 X X X X X X
1 9 17 X X X X x X
15 18 X X X X X X
16 19 X % X X x X
24 20 ¥'X X X X X
26 21 X x x X X
18 22 . X x X X
5 23 pe X e
17 24 X X pid
19 25 X pd X
25 26 X X X
27 27 b4 X X
29 28 X X
28 29 X
30 30 X B
A : Number of column in differentiated table

o
"

Number of column in preliminary table

.

Number of row in differentiated table

o]

Number of:row in preliminary table
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éec1ally when comblned w1th a descrlptlon of vegetation.
Groengwoud (1965) in comparlng certaln ordination and clas-
sification technlques found that the dlfferentlal species-
group method,as he called the. sortlng technlque is quite .

sultable for an 1n1tlal descrlptlon of vegetatlon.

When Ellenberg s (1956) suggestlons are taken into con-

sideratlon,thla technique can be guite efficiently uéed{//
Based on'Ellenberg“s (1956) description éeska and ﬁoeﬁer
(1971) have publlshed all 20 steps necessary to obtaln a
differentiated table (Table 7)

In the light of recent suggestions in relatiqn to data
proceésind of similar data matriCes (Austin;.1972- Lambert,
1972; Yarranton et al. 1972}, it seems ev1dent that there are’

l
certain matrlceg which cannot satlsfactorllylbe handled by

the above sortihg technique. When ° weakly structured data"
(Ceska and Roemer, 1971) are processed, it seems unllkely
“that replicate runs from the same Qata w1ll yield a 51m11ar
sequence in rows and cclumns (Lambert, 1972) |
Slncelln this study a coenocllne, a sequence of commu-
nltles, was chosen, the chance of getting "weakly structured
data' from transect data is rather remote " Rew ltlng of oneﬂ
of the dlfferentlated tables resulted in nearly identical

”‘sequences,ln YOows as well as in columns. o

'c} -Nomenclature of groups: | t

When the preliminary tabli2 (Table 6). lS dlfferentlated
(Tablé 7) certain groups are apparent. They may*be called =~

"ecclqgical grqups" (Ellenberg, 1956) when the_memhers_gﬁ:
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_Tgble 7

aDifferentiated table

. ® ’
S S S RO S
] —— R S L g R—
e (S R— ' T
A 211 ‘ 11 1 1 11|
914212776584 33202549
B 11 1111112
12345678901 345678290
A'l B!
14y 1 X X X X X X H
11| 2 X x X X X X b4 L
15| 3 X X X X X X Xy
leg| 4 X X X X X . x :
23] 5 X "X X ‘ \ 1
71 6 X X X X X X X X X T
g 7 X X X X X X X X } r
9t 8 X XXX XXX X L2
17| .9, X X X X X X 1
3110 XX X X X X XXX XXX T
5|11 X x X X X X XX XX | T4
6|12 X' ¥ x X X X X X X X 1
12113 X XX X X X X7
1314 x XX X XX X
18| 15 X X X X X X: 4
1 19| 1s X X X X X X!|
24|17 X X o oxd
22{18 | % X X X|| I'g
251 19 : i X X X|1 .
120 XX XXX XX XXXXXXXXXXX%X X
2| 21 X X XX . X X X X X X X X X
4| 22 X X X X b'd X X X X XX
10} 23 X X X X. X X X X
20{ 24 x X X pe X X
26| 25 X bd >
21} 26 f X X X X X
27| 27 x X X
29| 28 ) X
28| 29 . ' x X
30| 30, ‘ ‘ : X

A: WNumber of column in preliminary table

B: Number of column in differentiated table

A': Number of row in preliminary :table -
B': Number of row in differentiated table

§;— Cg, Ty — Yg @ ;Egological groups
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i

the groups have a .similar ecologlcal performance (Bazukis,

e

1969) . When these dlfferentlal spe01es groups (Shlmwell,
1971) originate from a table based on data from a restrlcted
. area only as is the case in the Petawawa study, the term -
"phytosociologlcal unlts" 1s preferred (e.g. Fig. 25, p. 105f. 1f
-'the tlme’ggéatlonshlps of these units can. be demonstrated,
the unlts are. called "SUCCGSqanal groups (e g. Fig. 24, p- 101) .

d) Data synthe51s of. transect data:

In the Mont Saint- Hllalre study the most frequent spe-
cies were taken into account to differentiate the ecological
series iShimwell, 1971). The sporadic occurrencsOf'rare
species was not used to deli—neate species groups because of \
the dynamic state of the vegetatlon on logs. Therefore in
the dlfferentlated table (Fig. 29, p.121) only. those species
which were present in 20 percent or more of the mlcroqua—- r
drats -analyzed were 1ncluded in each large quadrat (plot)
along the gradlent. However, specmes present in less than
20 percent of the mlcroquadrats are indicated for all plots.
On the ‘basis ofuthese presence Or absence data species-—
relevé groups were obtained.- They present major communlties
along an ecocllne. An eoocline'is in the. sense Sf Whittaker .
(1970) a gradation of ecosystems along an env1ronmental gra—'
dient of communities and .the complex gradient of environf
mental conditfons. The'term coenocline is used when a sé~
guence of communities is oonsidpred in'relation to environ—
mental gradlents.

L

The associations based on the above-mentioned species
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groups are named accordlng to the rules of Bach et al.
~(19§2). The author hesitates, at this stage, to present
from successional data a hlerarchlcal system of plant” com-
nunity cla551flcatlon, accordlng to the Zurich-Montpelliex
tradition. Whem more is known. about the dynamlc status of
" certain species groups this-may well be 90551ble. .
it has to be pornteé out at this stage that in oeses
.where a coenocline is selected for 1nvest1gatlon, the col;mns
of the preliminary table do not have to be rearranged since
they represent positions on the gradient..lThe same is true
when data for a stage of decay appear in.the columns. For
the data organization in the rows the term "frequency" is
applled in the phytosoc1olog1dal sense as 1ntroduced by
Raunklaer (1913) and as used by De Vries (1949) "This
" method consists of a certaln number of sample areas of a
determined size spread as unlformly as possible over the
fieid,,the species'present in the sample being recorded.
Finally, it is calculated in’ how maﬁy ‘per hundred of these
sample plots each. species is present. These flgures ‘calcu-
lated to 100 are cailed frequency perceptages (Fe:)" (De Vries,
1949, p.. 51). It is evident that this definition of fre- |
quency holds tree for the systematically sambled transeots
at .Heney Lake and Mont Albert. Ip the Mont Seiht—Hi;aire
transect and in the Petawawa plot " frequency of a species,
determined by a partlcular cize of sample area, is the chance
of finding the species within the sample area in any one

. _ B N . . y
trial" {Greig—Smith, 1964, p- 9 ) - since any specles which

I
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covered parts cf a microquadrat was recorde&,'the correct
term of this frequency value‘wouid be "coVérage frequency"
(Daubenhire, 1968) . | |

Both types of freqﬁency data may be subjected to the
table sorting techniques mentioned above. In the Heney Lske
Table 22, the sum of the frequencies per‘cclumt and group
was divided by the number of taxons within that same group.
In this way s number for each of the groups was obtained.
The calculation procedure for the Petawawa data left the. ;
gtoﬁps intact. The frequencies per row and group of a
certain taxon was divided'by the nﬁmber of.columns. In the
Heney Lake study the aﬁerage percent frequency was itdicatsd
directly whereas the frequency value 'in the Mont Salnt—Hllalre
study was transformed to the followxng constancy classes
(Shimwell, 1971):

I - 0 - 10% occurrence in micrbquadrat]plot

f 11 - ll\ '__ 25% 1 .n . " "
CIII 26 - 50% “w oo " "
vV . 51 - 758 n | " ) 0

v : 76 - 100% " | M " "
The Petawawa data were also transformed 1nto ‘the same cons-—
tancy classes. Since these frequency values represent group
constancy classes they are indicated by arabic numerals.
Constancy is nct used'as a synthetic, concept here
(Daubenmire, 1968) but a step in data sgnthesis from a dif-
ferentiated table., In the Zilirich-Montpellier tradition

constancy classes are based on relevés of irreqular size



and form but_the use of constancy o;asses is not restricted
to records in two-way tablee (Ellenherg, l§56f.

For Mont Albert percent freéuency isHEEVen_for all micro-
quadrats sampled on logs of certain stage of decay withinA
one plot (quadrat) _Only the thin twigs of the birches in
the tundra have no mrcroquadrat frequency since they were too
small. Percent frequency in this gquadrat indicates frequency
per nhﬁber_of dead twigs.

The‘app;ogch fo%;owedJrn,the Petawawa section is basically
an indirect gradient analysis (thttaker,-l967). The gradient
to be analyzed in a number of plant assemblages 1s time. Here
the data were arranged according to the method illustrated in
Tables 6§ and 7 . In the Mont Saint-Hilaire, Heney Lake and
Mont Albert chapters, coenoClines were investigated and,
therefore, ﬁioroouadrat.data‘in the columns were arranged
as an average per position on the gradient or per stage of
decai. The procedure outlined in Tables 6 and 7' corresponds
only tovarranginé“the averages (e.g. average percent frequency.
constanoy, etc. ) within the rows. One can therefore consider
the approach in the above-mentioned three sectlons as a form

of direct gradient analysis (Whittaker, 1967) .

4. Taxonomy and nomenclature

An ecological study incorporating such diverse groups -
as bryophytes, lichens, bracket‘fungi and;cormonhyteeﬂwou;d
be impossibie without_the advrce and help from many special-
ists. Besides the‘contribution‘made by the scientists men-

tioned in the Acknowledgements, the author learned a great
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deal from Dr. H. Jahn (Polypotaceae), Dr.h .c. O. Klement -
(Lichenes), Dr. F. Koppe (Musci, HepatiCae),'Prof. br. H. éams'
(al;lne Hepaticae and Musci) in summer courses and in com-
municatiOne over the'years‘

Cryptogams could be 1dent1fied sometimes to the genus
only and/oxr tentatively to the species. This difficulty |

pOlntS to the fact that in many cases cryptogams are poorky

developed on a dynamically changing log substrate where im-

'poverished plants often occur. e

a) Lichens:

To deal effectively with an enormous amount of material
which needed microscopic and chemical treatments, the author
had to qdopt a pragmatic approach. Those plants whose mor-
phological differences are generally accepted and whose
coverage could be estimated in the field were considered
"opetational taxonomic units" (0.T.U.) (Sokal and Sneath,
1967; Vandermeer, 1972)}. When a subsequept laboratory deter-
mination revealeo that the collected,material tepresented
more than one species, the pereeht cover originally esti-
mated was divided equally among the species present. In
those cases where that could not be done, the collected
material was placed in a broad taxonomiclcategory (e.g.
Cladonia chlorophaea s.1.). One has to be aware that in
ecologicel studies certain inttinsic taxonomic errors are
sometimes unavoidable especially when dealing with problems
such as squamulose modifications of Cladonia species or with

sterile crustose forms. From the ecological point of view
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the author would favor creatiﬁg a special taxonomic caté%pry
for those forms (Lichenes imperfecte cégniti). Such a tra-
ditiqn is often observed in the field offmycoiOgy (e.qg.
Gaumann, 1964).

The autho% used certain chemical techniques forxr lichen
{dentification (Hale, 1967). Spot tests with KOH (15%) and
Steiner's (1955) PD-reagent used directly on the specimen
in the fieid were very helpful.

‘In the laboratéry the following tests were -applied:

(1) PD as an alcoholic solution of p-phenylene diamine was
alwvays prepared pgior to use; thisfsolution is specific fbr
aldehyde-gf?UPSOn both depsides and depsidones.

(2) A 15%'§oluti0n was used for the‘K test; this solution

is generali§ less specifié for the same substances that react
as PD+ and?sgmétimes the test is indecisive (Hale, 1967).

(3). For the%C test a freshly prepared calcium hypoclorite

‘ solutlon was used; the test is positive for lichen acids

which have a m-hydroxy conflguratlon.
(4) Appllcatlon of the above- mentLOned KOH solution followed
by the appllcatlon of calcium hypoc]orlte is called the KC

test; the test is positive for some orcinol depsidones

. (Hale, 1967).

(5} The filter paper pechnique'of Santesson (1967) was used
for extraction of lichen substances. A thallus fragment was
placed on a Whatman filter paper No. 1 and the substances

were cxtracted from the lichen with. acetone which was added

slowly in Qrder for a zone of substance to be eluted in a.




circle around the fragments. The detection of color is casy
and accurate when using this method.

(6) Microcrystaltests were poerformed only in a-few cases.

- “.

ihe test, for example, with G.A.0 ~T.* For atranoérin or for
norsktictic acid was especially useful. In soma cases the
du;hor had problems witﬁ ﬁicrocrystal tests with material
which evidently contained more Ehan one licheﬁ sﬁbstancc.
Since these proﬁlem sﬁeci%éns formed léss than one peréent
of the collecked cryptogamic material, the author did not
apply the TLC techniques (Culberscn, 1972).

The reliability of the reagents were checked in some
cases on lichens of known chemical coépositioh (e.g. Llecidea
scafaris, C+). All chemicals were added with disposable
,;}cropipettes on thallus fragmeﬁts removed from the packet,
and placed on a slidé. The CQlor‘éhangé was ohserved. under
the dissccting microscope. Sometimes the color change on "
the ihallds fragments weré difficult to demonstrate. -There-

o :
fore,. the abové—mentioned chemicals were applied to extracts
of lichen sdbstances. |
L

For the nomanclature of lichens the list by Hayeéqngn
. .L..\i :: it

Culberson (1910) was followed except in the cagé of the‘benué
Cladonia for which Thomson's (1967) treatment was ado?ted.

b) Fungi:

It was decided to investigate fromthe wood-decaying
fungi only the sporophores of the Polyporaceae except the
resupinate species (Poria, sensu Love, 1966) .

Observations of specimens were made on thin sections cut

- .
glvcerin - alcohol-o-toluidine, 2:2:1 by wvolume.

A e
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freehand with a razor blade and mOunted in 95%.alCOhO1f. Then
a two percent KOH solutlon was applled to the material to
swell 1t to the size on which taxonomic dcscrlptlons are
generally based (e g. Overholts, l9s7). ‘ The generlc COncept
followed is that of Donk (1933). Slnce thls monograph does
not give all spec1f1c names encountered ln the’ present study,
Smith's (in Overholts,'1967) and Jahn s (1963) lists were
adopted. In'cases where synonyms were amblguous, Overholts;
(1967) names were reteined.

c) - Algae:

Algae on logs were frequently&eﬁcountered in the wettef
'-51tes of Mont Saint-Hilaire. They are not treated in this
thesms since a majority. of forms could be ‘identified only
tentatively. These plants seem, howevor, to have ecologlcal
importance in wet .and mesic sites where they cah interact
with moss ptotOne;ata. |

.d) Mosses: - | .

. For the nomenclature of mosses the list by Crum, Steere
and Anderson (1973) was followed. 'For the species concept
within the Mniaceae, de0nen‘s‘(l968a,'1965b, 1971a, 1971b)
and Iwatsukl s et al. (1972) v1ews were adopted. Rhizomnium
appaﬁach&enb&b to. be publlshed soon by Koponen was accepted
since the author was able to distinguish it from- Rhizomnium
pynciatum s.str. Koponen's (1971c) view on Rhythidiadelphus
calvescens was also adopted. . Ireland's (1969) monograph on

Pﬂag&othec&um was used w1th the nomenclatural changes sug-

‘gested by Iwatsuki (1970) . The changes in generlc names as a

N

| e e




. result of Smith's (1971) revision of the Pofyirnichaceae

.

‘;\\ : ;- -j'»f ﬁ. //////%/f

Attonpts were nade to identify taxonomic Torms of messes

which dlffer from typlcal plants in Lhz;i/ijggmai/a:;;;ore
production and, in most cases, vere named in the tradition of
o =
~
Ménkemeyer (1927): This, dlfferentlatlon of forms is espe-

werc adopted.

cially important for aﬁ51y51s of dlaspore productlon stra-
tegies of moss populations growing-along certain resource
gradients (Whittaker, 1972).

e) lepatics:

For the liverworts,Schusﬁer's nomenglature (1966, 1969)
was follbwed. For those taxa not yet covered by Schuéte;'s
flora, Mﬁllér'é (1951-58) nomenclature was ﬁséd. Grolle's
(1965) views on Harpahnthus wére accepted ahdtwiliiams' (1969)
_provisional list,of Gaspé& hepatics was consulﬁed.

d) Cormophytes:

ror tﬁé vascular pldnts the Flore Laurentiéenne by Frére
Marie~§ict§rin (1964) was followed. In the sectign,on Mont
Albert, Scoggan's (1950) flora was used and the nomenclature
adoptedj\\ﬁagisréau and Raymond's (1948) paper was consulted 
. for names of certain forms.‘
When the determination of a log to the'gegds level was
not possible in the field, a relatively undecayed wood sam~
ple was collected and identified in the laboratory with the
help of keys provided by Hale (1952) and Tsoumis (1968).
When wood with a relatively intact structure could not be -

found, a piece of the decayed material was collected. In
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the laboratory this was macerated (Nultsch and Grahle
= ]

1968) so that its coniferous or deciduous nature could be

determined.
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CHAPTER III i

RESULTS .

The results in this chapter are’presenteé in four
sections. ’ | |
' gection 1 deals with Petawawa. Beceuse-of'thelexist-r
ance of a unigue historical record,it was poSsible to invest-

igate this area with various quantitative methods. The "suc-

cessional ‘state" will be indicated as degrees of succession

and the diversity relationships‘that exist between individual‘l

populatlons will be expressed for plant.assemblages on logs
of certaln stages of decay. Changes in the plant component
lon logs with &rOgress of decay will be analyzed by the appll—
cation of the Raunkiaerian life-form system. Results of an
investigatioh of pH—velues of the outer wood chinder in
partlcular stages of decay will also be analyzed. -

In Section 2, dealing with Mont Saint- Hllalre, the author
will show how some plant communitles vary on logs along a
coenocline in the Northern Hatdwood Region. This section will
also:contain a study on growth-forms and their relative im-
portance over the investigated transect as well as their’
relation to ﬁarticular stages ofldecay.

In the thifd Section tesults of a study of a gradient
analysis of commupities at Heney Lake will be presented and
che?ges in'species“;ichness per growth—form will be analyzed.

Finally, Section 4 will yield results of a study made

in the boreal forests of Mont Albert, Gaspé, where changes of

plant assemblages on logs along a coenocline, from an elpine

e A .

[ e S S L R



tundra to a boreai_forest, have been investigated.

?

Pefawéwa

Thelaim'of thislsection:ié a.&ét§iied accoﬁh£ of plant
succ sioﬁ on dgcaying logs. The ﬁniquefh}storical record
available at Petawawa permits a éuantitaﬁive approach to suc-.
cession. Therefore the concepts of qegree of succession

(Numata, 1969; 1970) and of ecological diversity (Pielou,

1969) will be applied to the vegetational change of plants on‘"

decaying logs. Plant associations in the Z{rich-Montpellier
tradition (Shimwell, lajjﬁ‘wilL/not be distinguiéhed in this
~chapter. The floristic inventory of this-plot, however, cor-

responds in a wide sense to that of the CLadonio-Ptilietum

described in the Mont Saint-Hilaire chapter (see page 121).

a) Stand history and description:

. In 1916, fhe former Dominion Foréstry Branch initiated -
forestry reséarch around Petawawa; A permanent research sta-
tion was founded énd pefmanent‘sampling plots were established
(Howe, 1926). "In 1926 permanent sampling‘plots(P.S.f. 2) was
mapped to show‘theflocation of all éhose trees having a dia-
meter atbieastheight {(d.b.h.) gﬁeater than 1.27 cm. Every
5 years ilO for 1946 td 1956) the élOt:was ré—examineé anQ all

dead trees were .recorded. New individuals established after

1926 were listed but not mapped for this plot. When the plot

was young, natural thinning took place. Death exceeded in-
growth and the initial high stem densities of the trees which

had colonized the burnt-over land were reduced.
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Table 8 .provided»by the Petawawa Forest Experiment Sta-
tion shows some 511v1culturai CharaCterlSthS of the plot
'ehamlned ) .

In 1959 whlte pine - (PLnuA Ainobué) accounted for 67% of
the pasal area of the trees in P.S8.P. 2 while red pine (PLnué
hQéLn06a) was codominant with 26%. The-remalnlng 7% included
white spruce (Picea glauca), balsam flr (Abies baﬂbamea),
large- tooth aspen (Popuﬁub gnand&deniaia), red maple (Acen
nubnumf;“canoe birch (Betula papyriferna) and beech (Fagus
ghandifolial. | -

Therforest site‘type of the area was described by Ilvessalo

' (1929) as a Vaceinium-Gaulthenria-type. This is similar to the

‘Ongzog_;s-Maianthemum~type of Kujala (1945). The following

descrlptlon is from the obsexvations of J. Fraser (Sept.‘1950)

| prov1ded by the Petawawa Forest Experiment Statlon. !“The plot
is on general somewhat 1rregu1ar northwest slope, and is»supe
' posed to- be a mali—cor.A51te—type. However the western end

of the plot must be on a dlfferent 51te—type as shown by the
:SOll data. It is more m01st, but the difference doesn't ap—
pear in the-main stand growth. The lack of vegetatlon on the

- N-castern part of the plot is outstanding and is due in part
to the density of crown .cover. The high shrub layer is patchy;
the hazel occur in patches, apparently where natural openlngs
,have occurred in the canopy, and under this Conyﬁué the repro- -

duction is scarcer than usual (Author's notei cover of hazel

*

mai.—cor; site-type: Maianthemum - Conyfus site-Lype

{



Per hectare data of trees (8.9 cm d.b.h. or larger) of

permanent sampling plot ho. 2 (P.S.P. 2, species listed on

_g7-

Table. 8.

p. 86, based on per acre data)

Year and Number .Basal area  Average Total volume

o . of 2 © d.b.h. - 3

item stems m T cm m

1926 . 1,787 " 40.10 42.00 263.2

1959 830 47.34 66.47 475.2

Total yield 47.34 475.2

Mortality 974 16.95 37.07 123.1

Average

annual 0.49 N 3.7

mortality ﬂ‘kqﬁqm

Increment’ 6.62 212.0

1926-59 ' o -
\ . :

~. Total wood 598.2

production

()

64.30 °
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was nearly continuous in 1970). - The main 'noticeable' repro-

duction is Mr**, which-averages about 2' in height." Howeverl

Pw** is more numercus, but very small, suppressed, and growing

ponfly.' The numbexr of Pw indicated reasonable germinatibn,'

but its size indicates anything but good survival beyond 3-5
1 . . \

years". ‘ .

e

b) Dlstrlbutlon of logs?

The dlstrlbutlon of logs as they occurred  in 1967 - corw
rected in 1970 - is shown in Flg._ 18, Since 1967 a few -addi- \
tional lqgs movedfto'the forest floor. - These'new’logs are
pictured in Figr-19r It is evident that a forest has a defi-
nite rate of'iog deposition. Not only‘a "birth rate" but also
a "death rate“ for logs could be observed. In'1970 some logs
were: completely rotten although they were detectable ln 1967.
In some cases, however a few traces of wood could Stlll be
located. ‘ ’

A certaln clusterang of logs occurred 1n the southern and’
northern corner. The middle part of the plot did not yleld
such high'amounts-of dead.wood‘materral. .’
" The location of standing‘dead trees, stumps and logs that
were sampled is shown in Fig. 20. |

On some of the b1g stumps, charcoal was- encountered pre-
sumably left by the flre that had destroyed these forests at
the end of the last century. This shows also that decay—

re51stant white . pine stumps . can per51st more than 70 years in’

2 stand.

" =

Rk ‘ B
Mr = Acer iubrum; Pw = Pinus stnobus; )



~
* ! ..,‘L\\
Figure 18. Location of logs and trees in 1967 (correct‘e_zd_
! in 1970). .
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Figure 19. Location of stumps and logs which were depc;sited

/ . ' between 1967-1970 or otherwise changed from 1967

to 1970. .

o
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5 Figure 20. Location of sampled standing dead trees, stumps

and horizontal logs,
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c) .Stage'of‘decay;

As a result of natural thinhing trees die within a forest
ecosystem. Figure 21 illustrates thie‘brocess in the form of
a stereogram. Trees with the thinnest d.b.h. grown before

1926 are now more or less in deeay stage 1 to 3. Within the
following time intervals from 1966 to 1970, from 1941 to 1946
and frem 1936 to 194l-trees with the outer wood cylinder.in
the most advanced etage-of_decay are net those with the smal-
lest d.b.h. For the periods 1921 to 1926, 1926 to 1931,

1931 to l936,-and 1946 to 1956 there is, however, a trend

show1ng that trees with the smallest biomass are also the

most decayed

The pH of the outer surfaces of the log dep051ted a
various times is pletured'ln Fig. 22. The youngest and the
oldest logs show the least tariation in pH. These logs of.
varying decay stages'deposited‘apprpximately between "1931 and
1956 have large variations in their surface pH. The widest
ranges mn pH occur from 1941 to 1946. Logs in decay stage 3
contrlbute most to these varlathns. Logs in decay stage 5
show a tendency towards highex pH values whereas logs in decay
stage 1 are_more acid.

The relationships between ecological diversity, decay
stage and time of deposition are illustrated in Fig. 23. It
is evident from Fié. 23 that peak diversity.does not ceincide
with decay stage five. ﬁowever certain vegetatioa assemblages

with relatively high diversity values can be observed on wood

in an advanced stage of decay. The epiphytic stage from



\ Figure 21. Relationships between diameter breast height,

stage of decay and time interval when tree was

recorded dead.

4
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Table 22. Relationships of concentration of hydrogen ions
of the log sﬁrface, the stage of decay and

time interval when the tree was recorded dead.
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Figure 23. Relationships between ecological diveréity,

stage of decay and tlme interval when-tree

/

was recorded dead
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1966 to 1971 has a rather low diversity value. In the

pcrlod 1956 to 1966 there is a slow increase in variation of

fdlverSLtV to a relatlve hlgh value in 1946 to 1956.

From
b

then-on a few logs 1n “decay stages 2, 3 and 4 exhlblt consider—
able low dlver51ty ‘values up t0193l Vegetatlon assemblages 1n
decay :stages 31and 4 reach_peak dlver51t1es. Tn 1926 those T

high diversity'values for logs in decay stage 5 arergo'longer

. encountered and -probably they beccome similar‘to those of the

forest floor.

d) Successional Groups:

In a:differentiated table (Ellenberg, 1956) 15 successional
groups could be separated.. The rows arranged in the fashion
llmentloned above allowed a dmstloctlon of 18 vegetatiOnlunits
in the columns. The results of thlS step in data synthe515
" are shown in Table 9. _J) 7 : .?

Group I lists tﬁe epzbhytesﬂpresent on logs. - These plants
,orlglnated from former communltles of the middle trunk. These
communities are only fragmentarily developed in this stand
‘due to substrate factors such as frequent desquamation of the
flaky plne bark. In groups—aﬁand 3 epiphytes on the log close i
to the former treebase are 1isted.. Mosses; iepatics and li~
chens in groups 4 to 9, typical for more oOr léss decayed wood,
show much wider ecologlcal amplitude than those in 1 to 3. In
groups 10 to 12 the mosses listed. are evidently well adapted
to needle litter and are also characterlstlc for the forest
floor. In groups 13, 14 and 15 cormophytes indicate that

either a suitableé subsoil has developed on top of the log and/or
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+hat penetration of the wood matrix is possible for these
plants.

e} -Degree of succession:

The successional state of these successionel groﬁps is - ,)
1nd1cated in Flg 24 by the degree of succe551on. To calculate
this index1nformatloncX1the life spans of the constlﬁuents is
hﬂeceesary. The lifefspans~of some bryophytes and lichens of
successional groups coqld be deterhined since the approximate
age of the'log on which they thrived is known. The life spans
of herbs, shrubs and trees had.to be set at arbitfary values

selected from the literature (Altman and Dittmer, 1972).

A sca%e of relative structural stability may be set to
show better certaln trends 1n the degree of succession:
Degree of succession -1 - 1000; highly unstable
. "g " " 1000 - 20007 unstable
" " " 2000 - 4000; stable
. o " " 4000 -11000; highly stable
\ConSLderLeg thlS scale Lt es evident from Fig. 24 that hlghly
unstable stages occur 15'%ii combinations of, succeSSLOnaL
groups . Unstable vegetation assemblages are present‘in ali
successionai-groups_domlnated by cryptogams (1 to 12). Certain
relatively'stabie communi;ies meg, however, be locally deve-
loped. The highest values of degree of succession are evi-
dently achieved on logs when phanerogams become established.
Theee highly stable vegetatlon assemblages may represent a
local cyclical pattern {Kershaw, 1964) of a larger vegetation

.

unit.



Figure 24. Degree of succession in relation to successional
groups, stage of decay and time interval when-

- ‘ the tree was recorded dead.

(o]
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£) Raunkiaerian life-forms:

“

Raunkieer (1907, 1934) chose, es the basis for his life-
form oharacterization; the structural'edaptation of plants to
survive the unfavourable season. In the cormophytes; the im-
portant character is the position of the buds on the plant.

In the nonvascular cryptogams, it is the structural arrange—'
ment (see growth characters in Table 10) of the tissues with.
highest metabolic activity and tnose parts of the plants which
produce Or carry diaspores. In Table 10 sections and sub-
sections of the llfe—forms encountered in thls_work are listed.

The numbers of vegetatlon nnlts in Table ©¢ .correspond
to phytosociological units in Fig. 25.: This figure shows the
relationships of the sum of average cover in a certain phyto-
sooiologlcal unit (L-18,see Table 9 , p. 97 ) for subsections
of life-forms. The average cover was calculated as sum of
cover- (midpoints of cover classes in cm ) per phytosocrological
unit lelded by the number of columns¥within a phytosocrologl—

- =
cal unit. These values were added for respectlve life-form

¢ gubsections.

Thallo-epiphytes occur On logs with phytosociological
units 1 and 2; In units 3, 4 and 5 thallo-saprophytes, thallo—
HemicryptOPhytes and thallo-chamaephytes occur mixed with
thallo- eplphytes whlch pecome gradually less important from
units 6 to 12. Rarely certain thallo—eplphytes persrst with
a high average CoOver (phytosociologlcal units 12 and 14). This
is evidently a result of microhabitat, patchiness. Certain

decay-resistant bark pieces remaln on a log especially aroﬁha
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Figure 25. Sections and subsections of Raunkiaerian 1life-
forms in relation to sum of average cover.and

l S phytosociological units.
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knots. They provide a:more_or less constant topographic
surface where adaptable epipnytes'may pereist'even when
most wood is in an adVanced stage of decay. In phytosocio-
logical unit 13 the first chamaephytes apnear. In unit 14,
finally,‘they are accompanied by geophytes, hemicryptophytes
and phanerophytes. | ' | ) ' '

g) Succ0551onal scheme:

A tentativessyn0psis of vegetational change'in;P.S.P. 2
(permanent sampling plot 2) is presented in Fig. 26. On the
horizontal axis of this diagram, from left to right, a rela-
~tive tlme scale may be imagined. The vertical ax1s from top
to bottom of Fig. 26 1ndlcates the change in the plant compo—
nent during the investigated time perlod. The whole sequence
is thought to take from Sd to 70 years approximately and is
fairly representative for young'pine stands in sin;iar envi-
ronments ana with similar history.: Dnring rhis sequence two
important processes for cryptogem succession occur; the first
is bark removal and the second_is litter deposition. These
are indicated in the scheme with different types of line since
bark removal‘is“a rather steep environmental ¢échange (double
solid line) and litter.deposition a more graduél nrocess
ﬂbroken line). o

Three prominent.series of stages are”distinguished: epi-
Phyticy epixylic and epigaeic. The epigaeic stagesrare divi-
ded in thallophytrc and cormophytic stages.. Directional
changes can occur as indicated by open arrows on bark, wood

-

and on littex. The stages which correspond mostly to the phy-
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Figure 26. Scheme of substrate changes and subsequent
vegetationallchange from"epiphytic through

epixylic to epigaeic stages.
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tosociclogical units in Table‘ 9 (p.- 97) may show optimal
develdpment on .one substrate whereas on. the other substrate
they may occur only fragmentarily. This is especially true
for the Bacidia and Pa&meﬂLOpéLé stages of the treebase, the
Cladonia and Hiyprnum stages on wood and the Dtcnanum amd
Bnachytﬁéﬁiumfstages on wood ‘and litter. Some stage like

the Ptilidium stage occur.on bark as well as on Qeof. _Tne
Jamesoniella stage:and the Loﬁ ocolea stage are.pregent mainly
6n wood. All of these;three hecatic stages may Qrow also on.
litter covered logs, but ‘here they do not persist when lltter

accumulatlon exceeds litter de om9051tlon However, some

species in certain genera 11ke,04cnanum, BnachgthQCLum oxr

;o
7

Pleurozium may resist the intermittent:fall of needles and , *
o ; : :
still be present on the so%ﬁ when 'all wood is completely rotten.
'h) DlSCUSSlOH ‘and c?nclu51ons. . 7_
The change in si//; Al dlstrlbutlon of plants on logs in

- relation'to time sho

/
/

for\the undeistanding of cryptogam succe551on on decaylng logs.

in this study is especially relevant \\\\

\\Wlth the index degree of succession it seems pOSSlble to
predlct StabllltY“Of succeSSLOnal plant assemblages It is
clear that the controlling factors for this sequent1al°change
are, to a certain degree/Jconnected to the heterotrophlc de-
composition cycle of terrestrial systems.‘ Thus a food chailn
stability in the sense of Leigh (1965) may not exist at all.
for decomposing logs.i However, a certain structural. stability

of those dependent plant assemblages as shown‘yith_the degree

of succession may exist for dlffefent seral stages. Since 2
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number of variables in this index.have to be set at a probable
value it is evident that degree of succeSSion describes a po-
tential with‘a c?rtain probabiiity rather than ‘a deterministic
relationship between variables. -

For.a more or less even—aged forest, log deposition and
decompOSition on the forest floor is clearly a time—dependent
process. since only logs Wwith a certain range in d.b.h. will
pe produced by a .forest of a particular age.strupture,it seems
difficult to assess the direct time relations of the stage of
decay of logs of different SlZeS To obtain=moré 1nformation
about the time relations of decay of wood one would have to
try to: rbconstruct the invasion pattern of decay fungi by
sectioning logs . (Shigo, 1965) as weli‘as by trying to deter-
'mine the exact date of death by dendrochronological methods.
Since 1im permanent sampling plots sampling of the inner parts
of trees and logs is usually lmpDSSlble for phytopathological
reasons,, the problem of time relations of stages of decay
seems intractable to the author; However, ‘inspection of the
outer wood chinder gave some important information. Logs
pass rather qu1ckly through stage 1 (l to 3 years) and stage
-f (3 to 15 years) and may more. or less stabilize locally
in stage 3 for more than 50.years. Direct progreSSion from

stages 1 to 3 and thus bypassing stage 2 eV1dently exists

but sifnilar changes do " not 'seem to occur for other combina-

-

’

tions\of stages.
Under the environmental stresses of the rather dry pine

fqrests; the ecological diversity of epiphytic and some epi-
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= xylic stages is frequently low. This is thodght to be é re-

flection of cyclic recolonization phases of the rather unstable

substrate as well as a result of environmental vigox. The fact:

that the diversity of the final staées is lower
sity of the later sequential stages is notewo
thought to be caused, at least in part by different pattern
intensities (Kershaw; 1970) ‘of cryptogam vs. cormophytes.
This also indicates that there are areas on logs where more
diterse piant_assemblages find a etaple topographic micro-
habitat. =

" pue to its dependance on the heterotrophic cycle, suc-
cession on 1ogs is basically allogenlc (Tansley, 1929) How-
ever, certain autogenic components may also ex15t Most
covered lOgS accumulate raw humus as well as their own. decom—
position products, espec1ally when certaln growth forms are
.present. These moss covered areas seem to provide a much more
suitable microhabitat for certain Wood deCOmoosing organisms
thanldoes bare wood. The-regularly observed pattern in the
decompoeition of the_outer Qood cylinder seeme to be influen-

ced by the moss cover. This argument may however be circular:

'nmosses may preferentially establish themselves on

rather than on solid wood. For the time being we may assume

a feedback mechanlsm hetween moss cover, its moisture rela-

]
‘tions:and decom9051tlon of the outer wood cylinder.

The successional groupsiobtalned.suggest that vegetational
cﬁange follows a marked stage-wise pattern. Only a few rare

species do not show a clear affinity to the time-dependent
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groupsf In other words, the probability féf the frequen£ sée¥
éies to find a suitable substrate is about equal for all mem-
bers qf the group. If a disparity in the establishment of
plants of a group manifests it;elf, it is‘éttributed to change
in éubstrates. These disParitie§ pictured in the suctessional
scheme (Fig. 26) are pooriy unde:stood since plant dispersal,
plant estéblishment and chemical and ?hysical factors ar;l
intimately.interrelated. |

The main trends in vegetational change can be clearly

recognized. Wifh accumulation of raw humus and increasing
porosity‘of the log,thdllo-saprophytes, thallo-epiphytes,
thallo-hemicryptophytes and thallo-chamaephytes become less.
important and the establishment of cormophytid life-forms can

take place.

P
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. 2. Mont Saint-Hilaire

The Petawawa section dealt with a neerly‘e§en;aged comri-
ferous forest where scome factual knowledge from the past
could be related to plant succession on logs.. In this sect~
ion, however, such a detailed record'is not'aVailableland it
was decided to iqvestigate logs along a coenocline {(a sequeﬁce
of communities in relation tovenvirenmental gradients, Whit;
taker, 1970) from lakeshore forest to hill top forest. " Em-
phasis.is'placed on plaﬁt communities-occﬁrrieg on logs and -
their phytosociologicalrassociations in the sense of Breun-
“Blanquet (1964) as they occur along the gradient of evapora-
tional.stfese (MacHattie and McCormack, 1961). Change in spe-
cies composition within a definite plot on legs at various
stages of.decay is also examined.

a) Plant communities along the transect:

A transect was run from-Lake Hertel (Fig. 1) up EasthZ1ll
to the dry hilltop. Sampling of plant communities was done
at nine positions on the gradlent. At some posiﬁiqns wheie
discontinuities were evident, two to three relevés were made
where the area was uniform. A total ef 16 relevés were made
alqng the transect. The results for the tree and shrub layers
are summarized in the ferm of a differentiated table (?able 11).

(1) Lakeshore and wet forests (plotsl, 2,cand 3):

The first plot was located partly in the lake close to

the lakeshore and did not show any woody species., Plot 2 was

R
5

in the periodically inundated area where the forest is qulee

open and shrubs, such as Mynica gale, Cornus stolondifera, or-
: : : { -

o
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small trees, such as Alnus hugosa are most important. Some
 {0£ the big hardwood forést logs encoﬁﬁteréé here were pro-
bably not of- local orlgln or might have llved here if habitat
-factors such as water level, were dlfferent than they are..l
today. Acem nubium, Fraxinus americana, Abies balsamea and ;
Tsuga canadensis may be locally dominant in adjacent)eievated

areas.

(ii) Mesmc forests (plots 4, 5, and 6):

In the mesic stands Acen saccharum and Fagus ghrandifolia
‘grow in company with species,which extend into the dry mesic
part of the gradient sudh as Betuﬁd Lutea and Corylus cdnnﬁta.
On the lower slopes Tsuga canadeﬁéié is locally dominant on
thin soil covered with rocks whereas Acen spicatum in subplot
{

5b is most important on evidently stabilized shaded screes.

(iii) Xeric forests (plots 7, B, and é}:

On thé upper slopes PLiAWs neéinbaa in plot 7, Quencﬁé
rubra in plot ? form pure clumps. In §10t79 some mesic hard-
wood species such as Fagus grandifolia and Acen saccharum
dominate again but a group of small woody speciés e.g. Carya
cordifonmis, Dirca pafustris and Cﬁataegué sSp. differentiaﬁg

:

this forest from all the others. J

b) Quantitativé aspects of plant assemblages

on rotten logs:

An overall view of the major floristic changes on logs
along the transect_f% given in Fig. 27, which shows the total”
number of species for each stage of decay at each position

on the gradient. S - oy
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(i) Total number of spacies:

All logs encountered in plot 1 (position 1 on the gra-
dient (Fig. 27) are in decay stage 2. Only hydrophytic mosses
and lichens establlsh themselves on these logs. Close to the
‘lakeshore (e.g. ‘position 2) logs are nél in permanent contact ’ ?
with water; as a result wood can break down completely and
the cryptogams are found on logs in all stages of decay. Spe-
cies number rises from 10 in stage l to over 40 in stage 3 and
then declines for logs in stages 4 and 5. The gradual increase
in plot 3 from decay.stages 1 to 3 is similar to that in the

wet plot 2. 1In decay stages 4 and 5, however, the decllne in

species number is only slight in quadrat 3 and an increase
can oe noted for plot 4.. When one proceeds from the mesic
hardwoods to ‘the driex slopes species richness in plots 5 to
‘9 ls generally less high than that found in the wet and mesic
parts (plots. 1l to 4) of the transect. Species rlchness in
plot 5 is eight, in plot 6 it is as low as seven and in plot
7 it increases to 1l4. In the dry-mesic perts of the transect

. _ ‘
the highest species numbers are six species in plot 8 (stage

5} and 16 species for plot 9 (stage 4). Y

(ii) Specific numbers of species:

o <

To show which major taxonomic group -contributes most to
the change in ‘species richness, the nqmber of sporophore-
forming polypores, lichens, hepatics, mosses, herbs and tree
seedlings was calculated for each stage of decay and for the

positions on the gradient. The results are summarized in

Fig. 28 .



Figure 27. Total number of taxonomic .units in_réiatiOn to

étages of decay (1 to 5) and positions. on the

‘gradient (1 to 9).
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Figure 28. Number of species for major taxonomic groups

in relation to positions ongthe gradient (1 to

3

; o ‘ 9) énd stages of deéay (1 to 3).
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A

Sporophore-forming bracket fungi and lichens achieve
their“greateet iﬁportaﬁde in the early sfagee.of decay Qhereas
tree seedlings.and‘herbs are most abpndant.on,weod in—rhe more - -
advanced stages'of deceyg The wetﬁer parts of the treneects
show conSlstently hlgher species ;Lmbers for heﬁatics end

‘mosses-. They increase from stages' l to 3 and decrease in

¢

stages 4 and 5. On the drier slooes species number shows a

f

tendency to 1ncrease from stages 1 to 5. Only position 9-in
I

stage 2 is an exception. A srm;lar,tendency in the increase .

of Species with the progress of decay may be found also for

LN
et

the tree seedlings.

c) PHytosociological assoclations:

Since the stateﬁent of the numeer of species is not suf-
ficient for the demonstratlon of florlstlc changes, the spe- -
‘c1es’comp051t10n will be analysed here in two ways.. First,
major changes 'in species composition are eonsidered for those

[y

epecies which were present in 20% ér more of the~microquadrats

studied in any- -ene of the nine large quadrats w1thout regard
-:to stage ‘of decay The‘second aspect, dlscussed in the next
chapter,ls the vegetational change ln each quadrat in rela—
tion to breakdown of wood : 5
Major changes 1n speclies comooeltlon are summarlzed in
tge form of a dlfferentlated table (Table 7 p. 73). Oon
the basie of presence andﬂabsence dete six majbr cryptogam
)associatione are distiﬁguished'and shown in Fig+29.

(i) Wet habitat associations:

Leptodictyum sp., Campylium polygamum and B&ygm*péeudo-



-

Figure 29.
—

-

Major cryptogamic communities based on those L’j

P
X

species which were present in 20 percent or
more of the microquadrats analyzed in each

large quadrat (position on the gradient).

*
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triqueliun are characteristic spscies for the Lcwtodiatggium

——

This association is found on logs which are most of the time’

in contact with open water; on the other'hand'ChL£o$cgphuéi

patlescens, ceimacium dendroides (pro parte C. amaiicanum)

“and Hypiam Lindbergii are bryophytes which are freguent on ) N

loq§ which become inundated during spring runoff. In these

habltats they form a distinct assocmatlon Chcﬂo&cgpho-Cﬂima—

cietum, In the reglon with Tudflats the Bayhnictum 'is well
-developad with Bnghnta novae- angliae, Tetaaphis pellucida,
PLagiothecdum denticulatum and Hiium cuspidatum as the more

limportant members of this associétion. Myrica gafe and Sium

Auave become more important in the Chiloscypho-CLlimacietum

whereas in the Bayhniedun, Acesr saccharum and Téuga seedllngs
\

together with Circaea alpina, Impatdiens capeuéis and Oxafis

nontana are the more frequent phanerogams.

i) Mesic arnd dry habitat associations: )
From mesid.to'dry forests three associations,are-found _ -

on legs which may.be ‘called Brachytheedlo- ~Heteronhullietum,

'Pﬂagiomuio—Campqﬂieggm_and cladonio-Ptilietum. The -ecological

amo]mtudc of the most frequent members-of these three asso-
ciations is much wider than- those amplltudcs of nlants in
a53001at10ns close to the lakeshore. Species with wide am;}i—
tu@es along the gradient are in some cases (e.g. Cladonia
baciffanis) difficult to place in any association. In the
strict Zﬁriéh—Moﬂtpellier tradition they would be companion
species for particular associations and would be used for

—

the differentiation of higher ranks in that hierarchical system.
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since the author did not attempt to follow the tradition for

_hhxgher ranks, he placed critical spgcies in associations
nfter consideration of the center ofithelr most freguent abun-
laance. |

d) Floristic analySLS of plants on decaying logs:

The overall plcture of florlstlc varlablllty in- the prevxous
paragraphs - wWill be described more in detail when vegeta—
tional changes in re%ation to wood decay are preseﬁted in the
form of ébmplete fidristic tables.

When the dafa for position 1 on thes gradient (plot 1;

Fig. 1) are summarized a clear zonation-is observed (Table 12).
In all the other pldts a zonatioh is not observed and micro-

quadrat data are summarized in constancy classes for each stage

of decay (r\
. . .
For plot l, whlch is located close to the- shore in shal- :
low water, the releviés are arranged accordlng to the heLgh‘

-

above the mid-summer water level. The éiﬁreme hygrODthes

Fontinalis and Leptodictgum, which seem to(bc in this habitat

- for the greater part af the year in contact with water, con- ' '
trast againstla group of lichens which colonize the upper

parts of logs and twigs and are never inundated. All logs

" in this habitat apparently stay in decay stage 2 and may there-

fore represent a relatively stable habitat. An indication of '

this éubstrate stability is also suggested by the rare occur-

rence of the foliose rock lichen; Panmelia wlitiii, outside

plot 1 on a log in a similar habitat.

In the subsequent plots-a zonation was not observed. In %
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plots 2 and 3 (Iables ;3 and 14) logs in all staées of decay
‘were };n:c—:s.ent“..""j In'tﬁese‘plots'mosﬁ logs are inoodated in spring.
Mosses end lichens on 10gs in stage 1 ate'reolaced by moxe
hydrophytlc mosses ‘and hepatlcs These eoidenﬁly entrap

more organic materlal (e g. bud scales, needles, parts of
leaves, etc.) every year and eventually a thin layer of soil"
develops which allows herbs and tree seedlings to beoome esta-
blished on the logs.aoxa relatively early stage of decay

(e.qg. 2),' | |

The absence of the Hyphum Lindbengid group'in_olot 2 and

decay stages 4 and 5 should be noted. In plot 3, species
such as Bnothemeiﬁa necunuané and anhnaa ovae-angliac eithex’
persieted on the log after ggtablishment in stage 2 Or‘spec1es
such as Heta&ophg&&ium'hdﬂdaniangm, Rhizomnium appalachiensis
and Thuidium delicatufym had time to reestablish on thé log.
On hollow logs the preeence of Cladonia chlorophaea 5.1.,
“CLadonia coniochaed and Cﬂadon&a cn&atateﬁﬂa was noted.
uWhen at certain locations on the log the outer sapwood (decay
stage 4) is broken off, the following group is often found:
Lepidozia neptané, TetnaphLé paﬂﬂucada, Leucobagum g Laucun,
Bazzania tniﬂobafa

In plot 3 in decay stage 5 a group of,smell'ﬁepatics is
ooteworthy: Bﬂephanaatoma trhichophyllum, Cephdﬂozia‘hedLa,
Harpanthus drummondil, Scapania ap&cuﬂara.‘-ln ga?s on top.
of logs where larger mosses had been removeodby mechanical
breakdown of the wood, these hepaﬁics are present on%y in low

constancy. ¢lasses. On the sidee\of the logs, however, they

can form large homogeneous patches.
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Table 13

Constancy classes (I-V) of plants on logs in certain decay.

stages (1-5) for plot 2.

. -
N B » S
Stage of decay - .12 3. 4 . ‘5
Number of species . ] 26 49 %) 16
Panmelia sulecata . . . IV
Bacidia sp. ' III
Hypogymnia physodes ' IT
Lecanokha chlarona O IT
Parmelia subaurifera > II
PLatygyhium repens - IT
Brachythecium pLumosun v II I
Jamesoniella autumnaldis - . IIIX - II
Dicranum §Lagelflare ! . II CIX
Hypnum Lindbergidi ' : II
Leptodictyum sp. | II
Riccia fluitans - ‘ II. .
Hypnum Lindbergidi £. demiséum = . v I1I .
Heterophyllium haldanianum IIX 11 ‘
Ptilidiwn pulcherrimum - II IT
Bryum pseudotriquedrum . I II
Conoecephalum conicum ' 1T II
Lophocofea heterophylla II II
Riizomnium appalachiensis . II TI
~ {Mpium punctatum s.1.) o
Sphagnum squariosum : - - - II I
AmbLystegium seapens . ' II I
CLimacium dendroides . : ‘IIT Iléaw III
Chiloscyphus paflescens "EIX II IV
CLimacium americanum (p.M.p.) I IT V.
Dicranum scoparium £. paludosa II II v v
(p.p. Dicranum bonjeandidi) '
Ctadonia chlorophaeca R N ‘III
CLadonia condiocraed ' ‘ III
Cladonia crnistatella ' ) 11X
Cephafozia meddia _ 11T -
Nowellia curvdfolia - I1
Oncophorus wahlenbengit : _ ~IT
Hypnum pallescens - - II
Dicranum monfanum : - I
Pohfia nutans . - AI
Hypnum Lmponens : ~ 11

Cladonia sp. (squamules) 5 ‘ I
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Table 13 cont.

Stage of decay ; 1 2 3 4 5

¢ Bayhnia novae-angbide

I 1
Peflia epiphylla I
Calypogeda integristipula T
PLagiomiuwm cifianre I
Brotherella neéunpané- - IT v v
PLagiochila. asplenodides . , ITI
Lepidozdia heplans . ‘ v
Tetraphis pellucida ' v
Leucobryum glaucum . v
Bazzania tritobata . TII
Geocalyx ghaveolens : " IIT
Thuidium delicatulum var. radicans ' ITT
Galium oblusum - - g I
Chrysosplenium americanum , II

. . N

Lemna minonr : _ , . IIT . II e IV
Cicuta bulbifera - -t Ix 1I I
Sium suave ’ ‘ IT II I1X v
Lycopus uniflorus ' ‘ L II II :
Onoclea sensibilis ' : : - I III ITX
Lycopus americanis ' I II
Vioka palfens ' : 1 11
Lythrum saldicaria ‘ ' II
Osmunda cinnamomea _ ' T II S
Dryoptendis spinufosa IT ) ITI
Galium thiflorum | ' I1T I1I v
Athyrium §iLix femina var. michauxid ' IIX
Maianthenum canadense : ﬁll : ~
Trhientalis bornealis _ "1 '
Clintonia borealis ' . 1T
Canex sp. , , ITI
Oxalis montana : ' III
Shrub seedlihgs
Myhica gale - : 111 III  III v
Connus stolonifera II III
Ribes sp. _ o, Il
Tree seedlings f
ALnus hugosa g | | 1T I IIX
Tsuga canadensdis II III v
Betula sp. o : 1T IV

cf. = confer; s.l. = sensu lato; p.m.p. = Pro maxima parte
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Table 14
Constancy classes gI—V) of plants on logs in decay
stages 1 to.5 for plot 3
. o g
" gtage of decay 1 2 3 .4 5
Number of species 14 25 40 34 41
Parmelia sulcaZa TIT
Parmelia rudecta ¢ TIT
Bacidia sp. II ITT
Phycophyta (coccal) TET
Bacidia cf. chlonrococca - IT
Parmelia subaurifera - II
Pertusania velata TT
Platygyhium rnepens I
Physeia milleghana I
Physcia orbiculanis Ix
- Graphis scrdipta R 2
Coniolus velutinus 1T
Tnpiciporus fulipiferae “IX
Tschnodeama resinosus TT
Hypnum pallescens f£. wepilile III
Prilidium pulchernimum IIT
Protonema {Musci) ' IIX
Lophocolea heterophylla I1I III
Dicnanum fLageflanre v _ IIT
Brachytheciwn plumosum . III I1 11T .
Heterophyllium haldanianum \ IT III
Rhizomnium punctatum s. str. Y IT II
Thuidium delicatulum III IIT IT
Rhizomnium appalachiensis Iv III III
CLadonia spp- (squamules) IIX IIT III
Baoiheneﬂﬁa mecunvanb III IT III v
. Tetnaphis peﬂﬂua&da - III II III v
Bayhnia novae-angliae IIT - Iv  III II
Conocephalum conicum ‘ 11T III III i1
PLagiothecium denticulafum IIT IIT IV’ III
PLagiomnium cuspidatum IXT III IV IT
Peflia epiphylla II
Chiloscyphus pallescens II
Leucobryum glaucum IT
Lepidozia neptans IT
Brachythecium sp. JIIT \Y
Brachythecium nreflexum IIXI  III
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Table 14 cont.

Stage of decay 1 5 3 A 5 - 15
Bazzania trnifobata , , IT° TIII  IIT ;
. Plagiochila asplenoides | IT ° III IT L

£. integrifolia S - ' ?
Chiloscyphus po&yantﬁub : ' : I
Jamesoniella autumnalis ] ' ITT
.Gaoqaﬂyx;gnaueoﬂené : , ITT
Dichasum montanum : 7 , TIT .
.Pohfia nutans . III  III :
Dichanum scoparium III IIT :
‘ . ‘ \ - i
Sphagnhum capillaceum : - V..
Calypogeia integrnistipula v
PLaglomnium ciliare ‘ _ v
Rhynchostegium 4ernulatum , IIT
Dichanum fuscescensd - - III
Brachythecium salebrosum IT
Thuidium recogniium ‘ ‘ - II
BlephaiosZoma gnichophyllum - ' TI
Cephalozia media ‘ I1
Harpanthus drummondidl - | : II
‘Scapdania apiculata ' : : II
Laportea canadensdis - IT II
Athyrium fLLix~femina ] - IX II
var. michauxidi :
Tianella condifolia ' I II.  II
Impatiens capensis - IT Irr. Iv III .
Cincaea alpina : : ~-II  IIL v. v -
Caltha palustris t - IT
Onoclea sensibifis - 11 )
Carex SpP. : : 1T
Vicla pallens , ‘ II | ,
CLintonia borealis _ 1 o .
“Fifices (prothallia) S I
2 . .
Trnientalis borealis . . IIL.
Lycopus uniglorus E IT ~IT oV’
Oxalis monignad _ . N IT Iv - v
Maianthemum\canadense ' Ir- 1IIr, v
0smunda cinnamomed : ; _uﬁé 111
Dryoptenis splinutosa ' IT \Y
Streplopus hopeusd ' L ¢ IV IIX
Anisaema atnoﬁubené - - | - III

Lycopodium Lueidulum . . III
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Table 14 cont.

1 2 3 4 5

Tree seedlings
Acen nubnum IIT  II

- Acer saccharum III III IV IIX
Betula sp. IIT II w - IV
Tsuga canadensis Iv -III v-
Acen spicatum I Iix
Abies balsamea 11T v -
Viburnum alnifolium IIX v

¢ <3
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In plot 4 (Table 15) the first seedling establishment

;

[
!

!

i

l(Connu& a£tenniﬁo£;a). takes place on decay stage 3 in fis-
sures of the outer wood‘cylinder. In decayAstages 4 and 5

most seedllngs are not growing in microhabitats (e. g. flsSures)
-but are found all over the softened outer wood cyllnder.
Seedllng establlshment is, however, suppressed in those areas

on birch logs where patches of the hlghly decay resistant bark
remain. Eight out of 18 mosses and two' out of four hepatlcs ~
are restricted|to one stage of decay. One moss Lebkeﬂﬂa neni‘\u
vosa is found only on logs in decay~stage 1. No species are
peculiar to logs in decay stage 2. On logs in decay stage 3,

however, there is a’ group of two mosses, two hepatics, one

fungus, and one shrub seedling which is restrlcted to these
kinds of logs. In decay stage 4 no cryptogams with restrlcted
occurrence are noted. There are, however, three herbs and one
tree seedling which.are'restricted to logs in stage 4.  The
sitdation changes when logs in decay stage 5 are considered.
Here five mosses, 1l herbs, one shrub species and two tree

.o

species are found.
"In plot 5 (Table'IG) no_logs in decay stage 5 were en-
countered. Cephalozia media is' the only Spe01es which is

<>

found continuously in all decay stages from 1 to 4 All other
plants are either restriCted to one stage of decay (e.g.,
decay stage 1l: ohe fungus; one mOSS; decay stage 2: one
llchen, decay stage 4 one hepatlc, two mosses, three herbs,
one tree specres)or are found on two decay stages (decay

stages- 2 and 3: four mosses) or extend over three decay stages

(one moss).
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% . Table 15

AY

1 to 5 for plot 4 "

"

'\\&;//

COnskéﬁCy classes (I-V) of piants on logs in décaf stages

stage of decay - ' | Lo 20 4 5
Number of species 3 6 13 15 %32
LQéhQQEEaH&kUOéa‘f..nigneécanéf‘ v -
Hypnum pallescensd £. reptile -V IIT III v
Brachythecium sp. =~ v v o IIT v
Hetenophyﬁjfam haldandanum v AR v v
.Lophocofca hétenophylla v IIT  III
CampyLium hispidulum _ v o III v
Brachythecium salebrosum L V. 11T III
HapLocladium michophyllum ' I ' III
Jamesoniella autumnakldis LIIT
“pienanum §Lagellane IIX "
prifidiun pulcheanimum IIT
Favolus alveofands " III
Entodon seductrix IIX
Oncophorus wahfenbergid III, III III
Dichanum 4copdiiim 1rT IIT  IIX
- PLagiomndum cus pidatum ITX v \Y%
Geocalyx graveolensd . IIT 4 III
Miium spinulosum * - v
Bryhnia novae-angliae IV .
PLagiothecium Laetum TIT.
- Plagiomnium ciliarne. III
PLagiotheeium sp. . , Til
MitcRella repensd - A IIT
Uvuharia sessiliflora S 111
Cincaea Luleiiana ‘ III
Tarexacum officinale ” v
Aratia nudicaulds o +II1
Maianthemum capadense ' o ILL
© Asanum. canadense . R UNSIUNES 1 1 S
Adianthum pedatun ' o ‘ III
Epipactis hellfebonrine ‘ | 111
- Thalietrum diodcum ' ITL
- ViolLa septentrionalis : IiT
. Caulophyllum thatictroides LIl
T&Lﬂﬂiumagnandiéﬂom&m '§££

Ge@d?&um rnobertianum
i : ‘

- - . . - " v
/- S L . F _ e

av

, ;
o e
f -
B i .
s . .
’ ,‘
.
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Table lS-CQnt.

Stage of decay _ . 1.0 0 2 3 4 5 :
Shrub seedlings
Cornus aliernifolia | o IIr. °~° IIX T
Ribes sp. ' © IIX
Tree seedlings
AAcer saccharum | . : v v
Acen spicatum ' v - IIT = III
- _.:"L"‘;::.\‘ ) . ‘ . . B
Tsuga canadensis y TIT .
Betula sp. ' ' . ' IIT
0sthya virgindana : o ‘ III
. .
|
]
! 3
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‘Table 16 ‘ e

.- Constancy ‘classes (I-V) Gf'plants on logs in decay stages
’ L . ] : - )

3

1 to 5 for plot 5. biad
. '- 4;' . : :\
Stage of decay ) T 1 2 3 4. 5 :
Numbeiﬁof,species ' .. 3 g 7 9 0
Fomes 6dmcntaniu4' - Coo 1w
Dicrnanum monianum . S
Cephalozia media =~ oo+ 1T III OV v
Ptiﬂid;um'pdichenmimumf, o III
PLagiothecium Laelum - III
Brachytheedium sp. - - . - IV
ngnum paflescens £. k . IIX \'
neptile o 4 : -
PLagiomnium cifiare o IV V.
Campylium hispidufum - IV \ . -
Plagiothecium sp. - III Y .
HeterophylLium haldanianum oIzt ovo v ,
Lepraria sp- . . R S &
Lophocolea hetenophgﬂﬁa_'w“ ' _ - - v
“PLagiothecium deniiculatum . , II o
- PLagiomuium. cuspidatum 7 11 ;
Aralia nudicaulis . ‘iI
Dryoptenis spinulosa o S II
- Filices Mprothalli) S : . - II
Tree seedlings
Acer spicatum - - /{' . R . - II
S . / ' '
JAN
- L - .
f'/’.l
4
- ¥ . ;
o ~ &
\
A ’ -
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In plot 6 (Tab&e 17) logs in. all decay stages are present

o logs in decay stage 1 two fungi, four llcnens and one noss

'argafound, This moss, the appressed growing ijnum pallescens,
. pccurs algo on logs 1n decay stages 2 to 4. Two mosses are

_restricted to stage 2. - One moss and'One'lichen are present on

-

-logs in. decay stages 2 and 4 whereas the moss Hetctopnyﬁﬂlum

haﬂdantanum occurs contlnuously on logs in decay stages 2 to 4.

Two mosses are found only on logs in decay stage 3§3nd one
moss and one lichen are restrlcted to stage 4 On logs in

decay. stage 5 %xp mosses, two herbs and one tree spec1es are

present. Logs on’'steep slopes (20 to 40 )- and esoeCLally

those which are deposited along the contour llnes are exposed

" to moving rubble and 5011 Itwasobserved that thlS materlal

-

accumglated on cne side of the lOg and became mixed with the
broken'decayed wood pleces. ‘In these sites 5011—1nhab1t1ng
spec1es such as Pﬂagtbmulum cuépldaium andEuhhgwchium_pdﬂ-
cheflum established themselves on t?e log

In plot T (Table 18) no dlstlnct speCLes group can be
noted for logs in decay stage 1. On logs~r£:decay stages 3,

4 and 5, however, mosses, hepatics and lichens are found whlch

are specific for a particular-decay stage_(e,gh decay stage

‘-

3: three llchens, one MQSS; . decay stage 4: one mosS ¢, one he-

.

patic, one shrub spec1es and one tree spec1es, decay stage 5:

- three mosses, one hepatic, two herb species and one snrub

species) . The other species show either some continuous dis-

trlbutlon oVer certaln decay stages or are absent in a_certain

—y

stage of decay (e.qg. three lichens in decay stage 2) One .

Al
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1. to 5 for plot 6.
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Table 17

(I-V) of plants on logs

A

in decay stages

Sfage of decay
Number of species

g

Y DN
.
o) PV
w

Fomes {fomentarius

. Ganoderma applanaflum
Parmelia sulcata
Parmelia physodes
Pertusania sp.
Bacidia sp.

Hiypnrum pallescens £.
neptiﬁe

DLcnanum u&&&de ~
DLcnanum 5£age££a&e

'Cﬂadon&a squamosa
Dicranum montanum

IT1
IT

II

1T

Heiahbphg££ium hatdanianum

f"
Campylium hispidulum
Pﬂag&omn&um ciliane

¢
J

Bhachgthacium Aazeb405um

Cladonia coniocraedl

Pﬂag&omnrum cuép&ﬁﬁium‘

Eunhunchcum puﬁchzﬂzum

[p&paci&é heﬁﬂabonanc
S¢lidago sp. j-

4

‘Tree seédliﬁgs

/
0strya u&kg&nLaAa

TIT

S

CIII

ITI

Iv

111 .V

;?' o 1T

"ITI
ir
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Table 18 /e '

- Cconstancy classes (I-V) of plants on logs. in.decay stages

‘1 to 5 for plot 7

SLage of decay

1 2 3 4 5
Number of spec1es 4 4 «l3 - 9 10
: ‘ _
Cfadonia sPp. (squamules) \Y \Y v v
‘lecdidea scalands v IIT
Bacidia sp. II \Y IV
iClLadonia baciﬂﬁania v v
pichanum §Lageflare - . ' v Y v v
Cladonia condiochaea III . III Y o .
Hypnum pallescens f. neptile II II ~ ®
piifidium puleherrimum ‘ III v
HcthophgﬂﬂLum haldanianum II Y
Cladonia. enistatella , _ TI
Lecidea sp. o II
Cladonia 5£oenkcama IT
 Dfcranum montanum o II
Lchanum vindide ! . \Y% N
Jamesoniella autumnalis " \'28 )
Bidchﬂthec&um sSp. ? v
Campylium hispddulum v
Bryum caespllicium : : v
Lephocolea minox - ) II
Analia nud&caui&b | S Vv v
Vaceinium myntilloides (seedl Y ! II
Thalictrum Hioicum . ‘ - LT
Saxd fraga vinginiensis _ I II
Vibarnum aﬂn&éoﬂiuml(seedlﬂf S ' IT
. w . e - ' 0 L] : '
Tree seedlings
"Betula sp. S ' -V
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herb is found on logs in decay stages 4 and 5, whereas all

other herbs are'restricted to either, stages 4 ox 5.

~

In plot 8 (Table 19) one .moss Hypnrum paﬂieécené is pre—_u

u

sent on logs in all decay stages Restrictive spec1esfgroups

are encoﬁhtered only on logs in decay stage 2 (one llchen,
one hepatlc and one fungus) and 1n stage 5, (three herbs) PR

One moss 1s present from decay stages 2 to 5 whereas another -0

one is found on lOgs in stages 3 to 5. ’
©

In plot 9 (Table 20) Hipitum paiﬂescené shows an ecologi-
L
al behaviour s:mllar to that ln plot 8. -This moss 1s present

on logs-in all decay stages - On logs ih stage 2 a- dlStlnCt

group can be noted (three mosses, two {?)} lichens and-one
fungus). A group pecullar to logs lnndecay stage 3 contalns
two mpsses, nd three 1ichens whereas one moss shows restrict-
ive occurrcnceon logs in aecay stage 5. A group of three f: : =
mosses and one hepatic Wthh ‘is found on logs ‘in decay stage_

2 extends either to logs in decay-stage 3 or reappears on

logs %%'decay stages 4. o2.5. Only one moss is restrlcted to *
decay stages 3 and 5 TWé_herbs.are fouffdonly on logs in

decay'stage 4 ‘and one.herh only in'stage 5. Four herbs. and
two tree spec1es are found on logs in decay stages 4 and'5.
The vegetational change on logs at dlfferent stages of
: decay is apparent for all plots . The'rlsyer a partlcular 7
habltat is in spec1es the better lOgs ‘of déﬁferent stages- of
decay can be d;fferentlated. '

e) Growth-£orms: . - '

A detailed analysis of growth —forms is a starting p01nt

for differentiating,the‘structurerof a plant communlty. The
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Y ' Table 19

Constancy classes (I-V) of plants on logs. in decay stages’

1lto 5 for flot 8

i

-

A

. "L f
Stage of decay T .1 2 3 4 2 5
Number of speties 1 5 3 3 6 j?
Hyprum pallescens £. neptile v Vo IIX WSy e
Cﬂadonia'sp. (squamules) v o Xy
Ptilidium pulchennimuy IIT . )
Fomes fomentanius 7 IT R

. ‘ . - -4
Brachythecium sp. o II III v \
Hetgﬁophgﬁﬁium had¥danianum - VooV \Y .
Aralia nudicanlis H v
Mai anthemum canadense IX .

Carex commundsd
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Quercus rubra -
. >

N

Table 20
) - \ ' : ' .
Constancy classes (I-V) of plants on logs in decay stages
‘1 to 5 for plot 9 |
Stage .of decay . R R 3 \;/4' 5
Number of species | 1 .11 '8 10 12
Hypnum pallescens f. v IIIL v IV v
’ , .
PLatygyrium repens TV
CLadonia squamosa IIX
Dichanum scoparium . ITI
- CLadonia sp. (sgquamules), - . 111
Ganodeama applanatum _— IIT
Ambﬂjbieg&um‘junatzhanum : ©III
s , _ B
Brachythecium: ‘salebrosum LTI Iv ¢
Ptilidium pulchernimum ~ III II "
Brachythecium Spa TIT v
PﬁagaomHLum cifiane . ITT.: v
. [ .
D A S
Campyﬂ&um.h&ép&du&um RS § 63
- . Vo
CLadonia coniocraca ' - ?VI
Dichanum glagellare ‘ PSR, ¢
Leskeella nervosa £. nigrescens * .5 . "I
Cladonia bacillaris - - ' B
Micarea prasina var. e 'y
sondidescens . SR
'PﬂagkothecLum £aeium IY
Asten acum&naiub IV _
Smifacina racemosa I
Maianthemum canadense ITT \'
Aralia nudicaulis I Ve
Uvularia sessilifolia I iv
Trillium grandiflorum i. IV
Thalictrum diodeum . v
: \ .
Tree seedlings - . ’
Acen ‘saccharum ' Iv \'
I "IV
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sum of the average cover degree for each spec1es of a partl—
cular growth—form'ls indicated in the fOllOWlng dlagrams
(Figs. 30 to 32) by circles of different sizes

p (i) Bryophyte growth-forms: - -

1t is evident from Fig. 30 that turfs are present on logs
especially in the wetter sxtes,_from stage 2 on. .There is a
" somewhat opp051te tendency for the cushions, whlch show a
_ high degree of -cover on the slopes and only rarely extend to
the wetter_sites - ‘Mats of all gize classes are espec1ally
important othhe wet, me51c,ﬂand dry—me510351tes §9051t10ns 2
to 5). 1In.the small size class in'whichjmost hepatios fall, °
there are only minor fluctuatlons of cover from‘positions 2 - |
to 5., Fer the larger mats of size classes 2 and 3, coverage
values vary for different stages of decay The mesic and .
dry-mesic habltats show high values . Coverage/;alues from
slope quadrats, posftlons 5 to‘8, ‘show nolclear trend. How-
ever, "in some posxtlons, espeoially 3, co&erage values fof
. plants in size classes "2 and 3 lncrease gradually from wet
| |
w
i

‘to mesic habitats. \

1
]

(ii) . Lichen growth-forms (Fig. 31):

Foliose lichens are characterlstlc for the predomlnently
cortlcolous stage 1, These are accompanled by crustosc 11—

chens on the wetter 51tes and by small frutlcose and squamu—

jose lichens on the drier 51tes.
. Logs on the open shore in p051tlon one for stage 2 show

con51derable va{lety in growth forms. Espec1ally oﬁfthexgzien

sites (pOSlthﬂS 5 to 9) in thls stage of decay frutlcose and

Q -~
.

-.‘\ " F .




T

Figure 30.

s
Y

s o &

Growth—forms of-bryoéhytes‘(turfs, ﬁats.and 
cushions) in'féldtionﬁd positi;ns on the
gfadients(l tb 9} and‘sééges‘of:decay (1 to 3);
position 1 i5r§itﬁatéd on the lakeshore and

P ‘
position 9 is placed cloée to tﬁ% hilltbp:

the size classes are defined.on p. 40).
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Figure 31. Growth-forms of ®chens (foliose, fruticose,

squamulose and crustose) in=Tefﬁtidn to posi-
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squamulose lichéns have some importance.

]

" But as decay pro-.
gresses all‘lfchens-are-replaced by'other plants and onlysa
few sqdimules are present on the sites'in stage 5.'ft'soouldr
be noted that the squamulose growth form has a cortaln moxr—-
phologlcal affinity with the frutlcose\growth form With the
exceptlon of squamules from Paona scalarnis the souamulose‘
growth form is represented by~ youﬂgror suopressed forms of

Cﬁadonra species with a morphologlcal po&entral of becomlng B

T

a frutiCose\type.

(iii) Cormophyte growth forms (Fig. 32 ):

e

“‘-.,
Whereas lichens decrease as aecay progresses, _vascular

plants, especially herbs and tree seedllngs increase in

coverage. Both shrubs and trees {up to 0.2 m:d:b.hiy have

peen observed growing on logs in. _the wetter sites. -

— -

f) Discussion and conclusions

Species compositionrand-growth—forms change along the
investioated gradient. In a dlscu551on of these cnanges as
well as in the lnterpretatlon of succession of plant assem~
blages on decaying logs some clarifications are necessary

The first p01n+ that has to be made is that mlcroquadrat

data can best be 1ntegrated for a partlcular stage of decay,

when the chemical nature .0of the outer surface (bark, phloem,

[+

‘and xylem) is slmllar. One can ehpect the wood (xylem) of

dlfferent 1ogs to be comparable when it is in a partmcular‘
stage of decay and has similar type of vegetation growing on
it. Cryptogams were recorded on the bark oroper malnly in . '

decay stage 1 and ;ess’freqﬁently in decay stage_Z;.on the

AN
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‘Figure 32. Gudwth-forms off;:gmophytes in relation to posi-
tions on the gradient (1 to 9) and stages of

decay (1 to 5).
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phieem, however, they were presegt only rarely inudecaikeﬁsée
2.. Although the substréte for logs in decay stags 2 is'some;
what heterogeneous,it seems that substrates for the other
decay stages areﬁﬁhiform enough to jusﬁify the intesgration
of microguadrat date"r

The second pOlnt to be clarﬂfled is to Lnow.hheuherlspe—
. cies assegmblages growing on decaylng wood interact er respond
to a gradient of;overrldlng,lmportance in a llnear fashion.
The joint absence of speeies wiﬁhin plots f0r most stages df
decay suggests that a curvilinear plant respoﬁse (Groenewoud,
1965) cannct be expected fer wood‘decéy and assoEiatéﬂ sub-
strate'changes. ) | ‘

The physieal and chemical inEEractiehszof the substrage

on which cryptogams grow are Stlll poorly understood Little

is known of the effects of wood breakdown substances on the

physiological processes ln llCh ns and mosses and of_the ef—
fects of lichen substances en.zzganismswhich decomoese wood .,
Tne astonlshlng Datcnlness of colonlzatlon phases on recently
fallen logs, also observed by Phlllpol (1965),-sugg=sts that
breakdown products nay control processes o;,brjoen"ta esta-
blishment on some logs. It could, however, very well be that
these open pioneer stages of successmon reflect only the 1n—|
complete lnva51on phases of.species due to other enVLronmdntal
factors\(e g. entrapplng diaspores on rough substrate surfaoce,
etc.). When the outer wood cvlinder is exposed over longer

time spans, these possible effects seem to be masked by humus

accumulated on the surface of the log. Another possibility

P
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‘is that theseheubetancee-havelbeen chemicelly altered_in'Euch
a‘waylthat they,no longetxexhibit allelopathic effects
(Kleinert, 1970). “\ | ' |
Eunglatatlc effects of Llchen suostances have been well
documented (Rypacek 1956 1966) and antlblOLlC effects of
lichens on brvoonytes have been\suggested (Sharo 1963)
though Lhc ecolOglcal lmportance of these findings is npt /
xnown. It seems possible that llqhens;oould affect wood Ee- f
Cayiné oréahisms ih,the dry part‘of.the gradienttwhere acid- |
producing lichens-(éuibereoh,'1969;_Iskander et -al., 1971)
have some impottance. .

- Wood decaying'organisms mey not ohlf be affected by auto-
tropnlc plants on logs, asysuggested above but may indirectly
have an effect on the green plants themselves on the logs..
The «action of decaylng orgenlsms'can'be expected to be in a two
-directions- (1) with moisture increase from decomposition
products by wood- ~rotting fungl, the moisture available to
green-cryptogams can be affectqd (2) with anrﬂase of acti-
v1ty of wood decaylng organlsms the co —concentratlon will

2

increase in the outer wood cyllnder (Seifert, 1962).and,

H

therefote probably also.in the ambient air.’ The firgt point .
-may be responsible for Lhe moist condition 1n which mose‘spongy
wood was qenerally found in mesic and wet sites. The setond
" point is thought to be especially lmpottant fbr those crypto—
gams. which are photosynthetically actlve\in niches w1th very
low light intensity. . | = _ \

The process of substance accumulation on.logs has a cha-
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racterlstlc 1mpact on. per&odlcally 1nundated logs crose to
the lakeshore Therefore, this part of the gradlent w1th
dominance of allochthonous nutrlent supply w1ll be dlscussed

\

hflrst while me51c and dry habitats w&ll be dlscussed second
L Most logs in the wetter srtes close to the 1akeshore are
inundated every year. As a result a thin subsoil develops on
the logs and substrate factors from the outer wood cyllnder
" no longer have an 1mmed1ate effect on theaspec1es composrtlon
of cryptogams, . - It is .only in ‘the later stages of decay that

\_:‘L

wood may be expoSed. Recolonlzatlon of these patches pro~:

duces a mosalc wh;ch can be obgectmvel? analysed with patl;sg

tern analysis technlques (Kershaw, 1964) »Vlsually ev1dent\\r '“!!
floristic pattern controlled by the dynamlcs of wood break—'
down of the outer cyllnder of the 1og can’ be Sarectly recog—
nlzed (e.g. Bongard, 1970).

In theymesic and dry habltats.accumulatlon of humus was
observed only in the later stages of decay suggesting that
somé steady state condition was reached. This steadg state
condition was found malnly in decay stage 3 and is reflected'
in a comparatively hlgh number of species of mosses and li-
chens. Up to\this stage{'mechanical preakdown with gap forma;'
tion and recolonization is not an important facFor: The
change in species composition along this part of the gradient
is,'therefore, attributed torthe overriding importance of eva-
poration on the water palance,réhotosynthesis and respiration
of cryptogams._;

The mechanical breakdown of the outer wood cylinder from

. , - r
N e ¢ i .
.
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"stage 3 on waslnot comparable\ovei the,#ﬁole elevational gra-

dient. It was obse§§e6 that the log;}in-thelwet forests chan-

ged in the later stages from roﬁnd (crossectional view) to a
- more ellipsoid shape expgpsing the inner. sapwood or. heartwood
‘ ey S '

only rarely in the segment investigated whereas in the dry

and mesic sites, mechapical breakdown of sapwood freQuently

s
exposed the heartwoo

»

Results of this study indicate that trends ihfspecies'

composition and growth-forms exist on logs at different decay

stagés along an evaporational ‘gradient of bverriding.import—
ance from lakeshore to hilltop.

Succession takes place on decaying logs in each of the
guadrats. .With iﬁcreasing porosity and breakdown of the log

“from décay stages.l to 5 most s@oropﬁore;forming polyporeé

+
'

and lichens are replaced by mosses, herbs and tree seedlings.

PEY
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3. 'Hene§ Lake .

The aim of this section is to analyse ecological groups
and spacies rlchness based on growth forms as they occur.

along an elevatlonal gradlent at Heney Lake The abundance
£
of conifers observed along thlS elevational gradient contrasts

to their relative scarcity as described in the Mont Saint-

Hilaire section.

-

a) Plant communltles present along the transect."

N

Trees and shrubs of the plant communities are presented

here in the form of a differentiated table. In Table 21
eight plots (quadrats? and three subplots are listed. Degree

. of eover and‘approfimate height classes are.given; |

(i) Lakeshore and wet forests:

The first plot‘is loCated in the lake and has scattered
habitats snitablelfor tree‘and shrub growth'(e g. on old de-
cayed stumps) In thls plot there is ev1dence of beaver
“activity shown by a con51stent deposition of logs across
small creeks. The same phenomenon was also common in theh
second plot (2a,n2b). In these.two habitats with extensive
mudf}ats, trees such as Fnaxindb nigra, Ulmus nuhna, Thuja
occt&eniaﬂié and Alnus rugosa form an open woodland of com-

munities which may best be placed in the Thujefum occidentale

'(Dansereau, 1959).

(ii) Wet%mesic forests:

!

In subplot gp’the forests consists of Fraxinus nigra,
Abies balsamea and Tﬁnja occidentalis. The frequent windthrow

‘in this area results in differentiation of micretopographic

/
L
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Table 21

Coverage of trees and shrubs along, the Heney'Lake transect..

Number of quadrat (plot) 1 2 B 3 4 5 6 7 8.
Number of subplot : 2a 2b 2c

Tree layer I 15-20 m

Tilia amerdicana

.32
Betula papyrifera 2 .2
Betula alfeghaniensis .. . 2
, Fraxinus amerlcana _ e 2
Acer sacchanrum . ' 3,
Populus grandideniaia : 3
Pinus strobus ' . ' -2

Tree layer II 10-15m B "

Fraxinus nigha
Abies balsamea .
Acern saccharum o o 3 2
Fagus ghrandifolia ' 2
Tsuga canadensis

Pinus strobus

Betula papyriferna

Populus balsamifera

Quenrcus hrubra var. borealis

Pinud nesdnosa. 2 3 4
Picea glauca S _ ' 2
Populus grandidentata - - 2

| g% Ity

o
[N Y]

N

= NR B

Tree layer III 5-10 m

Thuja oceidentalis 1
Fraxinus nighra
Salix sp.- .
Abies balsamea ] : 2
Acen sacchanum '
Acen spicatum N
Fraxinus amenicana # :

0strhya virginiana - L. 2 2
" Acen pensylvanicum , 2
Tsuga canadens.is . ' 3 2
Quercusd rubra var. bofealds 1 3
Betula papyrifenra | | 2
. Picea glauca - . 2
Pinus hesinosa - . I . . - 3

HBN
B
™



. Numbexr of qﬁadrat (plot)
Number of subplot

‘Shrub layer T 1-5 m
{or tree layer IV)

C o Ulmus rubra
Nemapanthus mucronatus
Thuja occidentalis
Alnus nrugosa
Picea mardiana
Betula papyrifera

\ CFraxinus nigha
Abies balsamea
Acen "spicatum
Conylus cornuta :
Qstrya virgindana
Fagus grandifolia
Acen‘penayﬂuanihﬁg/
“Acer saccharum
Tsuga canadensis
JPinus strobus
“Amelanchien canadense
“Ricea glauca
Amelanchien Laevis
“Cornus nugosa

-152-

1

Quenrcus hubra var. borealdis

. Plnus resdnosa
- Acern rubrum

Shrub layer II 0.3-1m
- o .
Spinaea alba
Mynica gale
Alnus rugosa "
ULmus - nubnra -
Abies balsamea
Acern spdlcatum
Conylus connuia
Tilia amerdicana e
Amelanchien s
Betula papyfiifenra
N Uibu&naﬁ/aﬂniéoﬂium
//;//Aetn pensylvanicum
Cokpus stolonifera
Acern saccharum
Tsuga canadensis
Diervilla Lonicena
AmelLanchier canadense
Connus rugosa
O0strhya vinginiana
Shephendia canadense

Ll e SRS S =

2a

Table 21 cont.

2,
2b
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2c
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Number of quadrat‘(plot)
Number of subplot

Shrub layer II cont.

Amelanchien Laevis

Pinus strobus

Picea glauca

Juniperus commundis

Acen nubnrum

Salix discolon '
Quercus hubra var. boFeal.is
Ameﬁanchien‘éio£oniﬁeA&

Tree seedlings

Fraxinus nigha

Thuja oceidentalis
Fraxinus amerdicana
Betula papyrifena
Picea sp. glauca

 Acen saccharum .
Quercus hubra var. borealis
Tilia amenicana
Populus sp.

Pinus strobus

Acer spicatum

Acern pensylvanicum
Abies balsamea

. Acen rubnum

1
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féatures. Parts on this nutrlent—rlch soil harbor a number

1

of florlstlc elements whlch charactermze the Canyeto Acenetum

;(Grandtner, 1966). .

(iii) Mesic forests:
These fofesisr(quadrats 3, 4 and 5) apparently produce

the tallest trees din the area, such as Tilia americana, Acen

-
-

saccharum, Betula alleghandensdis, Betuta-papyniﬁema and Populus
gnaﬁdideniata' and forests are best placed in the Acenelo-

Befufetlm (Grandtner, 1966).

(iv) Xeric forests:
On the slope (quadrats.6, 7 ‘and 8) Abieb baﬂéamea, Tsuga
canadensis, Pinws. nesinosa, P. 3tAobu4 and Queicis bornealis

may dominate locally. Most of thesé forests belong to the

Qubrcion boreale (Grandtner, 1966) and apparently have been
influenced in their gpecies\bomposition,by past fires (domi=-
-nance of pines) and/ox by acidic litter produced by such

plants as Téuga Ab&eﬁaﬁnd Picea.

e b)) Plantsgrow1ng on decayed wood along the transect;
".THe‘spe¢ies composition on logs along -the gradient is

evident from Table 22-.Species with similar frequency curves

‘are grouped together. These-gr&ﬁps are called ecological

groups (Ellenberg, 1956) when they contaln plants w1th similar
habitat preferences. A number of ecologlcal groups’ in 51m11ar

habitats are Ealled an ecological sequenceﬁ(Ellenberg, 1956) .

Twelve ecologlcal sequences of cryptogams are dlstlngulshed

o~

and are presented in -more detall in connectlon w1th Flg 33.

Parts of the ecologlcal sequences are in a w1de sense equlva—
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Table 22

 Percent frequehcy of planté on lbgs for all decay stages~f;i-
: . . ) ' .o
in relation to position on the gradient (plots 1 to g).
i e Q' ‘. ’ .
No. of - Number of quadrat 1 2 3 4 P ‘
Beol. . . 4 . 5 & -7 8

Group . ) . (plOt) ‘ “. . ' h‘\\\_ B ) F. . . I. ’ T |: o

1.1 Calliengonella cuspidata 33
Hypnum Lindbergid _

f. demissum - o - 19
Campylium polygamum .13
Fissidens osmundiodides ‘ 2

.1_2 Aulacomniwn pdﬂu&tne_ S ?Lg 2
£. polycephala ‘
CLimacLum dendnoideé 8 46

1.3 Bryum pseudotriquelrum ' .20 4 2
ChLEOéCJphuA pallescens 6 14 1 -

1.4  Hypnum £Lndbem94¢ 44 30 17 0.4

1.5 - BnachgthecLum pﬁumobum
- Riiizomnium appalachiensis
Fissidens crnistatus

Mnium marginatum
Hypnum pratensde
PLagiomnium rugicum
Leptodictyum riparium
Atnichum alfecnistatum
Tnichocolea tomentella

cococo

1.6 Conocephalum cowdeum . =
‘ Bryhnia novae- angﬂ&ae

’ [ L] [ ]
w n W WO

2.1 Cephaﬁaz&ezza nubeﬂﬂa ..
‘ var. sullivantii :

'_I
~—

Cephalozia catenulaia - 2
2.2 Sphagnum nemoieum ‘ 11 : ' : -
: Leucobryum glaucum : 1 _ - .
S 2.3 PLagiochifa asplencides 16 0.3
Rhytidiadelphus Lrniqueltrus 14 1
Ricecarndia patmata 4 1
2.4 Lepidozia neptaﬁa . 3 1 2 3

2.5 . Thudidium d6£icﬁiu£um - h -5
var. hradicans ' : :



‘ ) Table 22 cont.
) '
I

No-. of

Feoln . e._-Numbef.if"quadrat j 1 2 3 4 5 6 7 8
_ Group plot) ' A
o0 L N . ' '
© 33Ul Oncorphonus wahlenbengii 7 3 3. '
CJungeamgnndia Lanceolata 4 3 2 .
" Henzogiella turfacea 4 3 .2 i
Riccarndia Latifrons 3 4 2 '
'Bﬂepha&oAtomg trichophylLum 3 3 4 !
Harpanthus drummondidi 2 5 g b
" Hypnum fentile _ 2 2 3 ’
Geocafyx graveolens 21 1 f
3.2 Peliigena horizontalis 1 ﬂ
3.3 Scapania gﬂaucacebhaza - '. - : 2 1
4_1 Dichanam_ﬂﬂdgeﬁﬁd&e ' '7; .22 13 lO‘_iZ 30 28 20 15
4.2 Hypnum pallescens : : ‘6“\-2 l4 26 36 50 33 9

4.3 'Heianophyﬂﬁium hatdanianum . 2 18 .34 45 11 -4 12 g

'5,1 ° Haplocladium michophylLum o 1

; : s 7 25 1.
Rhiizomnium punciatum s. str. 5 25 3 1
PLagiomnium .cuspidatum . 3 2F- 16 2
Peltigena candina 2 .9 5 0.2
5.2 Brachythecium oxycladum.. 5 3
' Brachythecium reflexum 4 X
" Pefiigena evansiana 30.2 {
Lepfogium cyanescensd 1 1
- Entodon cladorrhizans 1 0.4
5.3" PLagiomnium cilfiare o _ 229 3
H ' ‘ g C . ‘
5.4 | Rhodobryum oniariense 1 !
- Brachythecium populeum 0.4 "
Pettigera practextata 0.2 |
Eurnhynchium pulchellum - 0.2
6.1 Noweﬂlia'cuibiﬁoﬂia ’ 7 6 7 0.4 ' N«?
Cephafozia media : 7 6 1 0.3 ﬂ;u .
| = : = P
6.2 Amblystegium senpens o S :
76$3 AmbLystegium juratzhanum - 6. 10 ’
- Campylium hispidulum 2 1. }
Madium onthorrhynchum ) 2 -1
Calypogeia suecica - g 1 0.2
6.4 Brachythecium rutabulum 1 1 2
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Table 22’coﬁt.

o ; .
: Number of quadrat, .

Ecol. (plot) . 1 2. 3 4 5 6 7 8
Group ' - E
. , 1, :
7.1 PEilium chista-castrensis 6113 T
7.2 Odontoschisma denudatum ; 1 1 1 :
7.3 Pohtia nutans , . 1 | - 2 3 4 é
7.4 ”P£eunoz£um.¢chnebeni L ' 5 2 v 13 8 11 i
_ o« : : - : : I.
5 Jamesoniella autumndlis ‘14 16 15 10 i
b

Tefnhphis pellucida
Brachythecium salebrosum

[\ o)
(42}
I
o

W NN

-33 21 4 0.3

7.6 . Hypnum imponens ‘ . 17°°18 4 10 3 1 1
Dicranum scopanium :

£. gragilifolium 103/2 3 7 3 2 3
Piilidium pulcherxnimum 5 5 11 65 76 46 70
Lophocolea heterophylla 2 15 14 17 3 18 11

7.7 Dicranum fuscescens 1 |

7.8 Brotherella hecurvans _ 6 1

7.9 Pﬂagiathecium £aetum | | 0.3 10.3

7.10 Drepanocladus uncinatus | I 2 2

7.11 - Dicnanuﬁ Zoﬁgiﬁogium' R | 0.2

8s1 La@codon bﬁaahgﬁué 2 ;

var. andrews.ianus
" Nechera pennata
Parmelia saxalilis s.l.
- Anaptichia palmatula
Rinodina sp.
Pyxdéne.sorediata
Leprania incana

(=N
*

W W N

38
H
=

8.2 Frullania eboracensis

8.3 . Crustose Lichen (sterile) 1 1. B

oy

8.4  Platygyrium repens - 0.3 14 24 4

¢

8.5 Physedia onbiculardis
o Physcia millegrana 0.
Heterodenmia sp.

N H

LW
o
L]

-8.6 Pylaisiella polyantha
Anomodon atfenuaius
Porella platyphylloides
Onthotrichum obtusifofium

oo o
. v *
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Table 22 cont.

§2é19f : urber of guadrat 12 4 5 " 6 7 ﬁé
Group (plgt) "
8.6 Phyédia grise 0.2
{cont.) Axthonid. sp. 0.2
Radula complanata 0.2
Ulota coarctata 0.2
9.1 Graphis scripta
9.2 Dichanum vihride _ 2 1
Bacidea sabufletorum 0.4 1
9-3' Ramaﬂtna sSp. -3
9.4 Physcdia stellanis 1 1
10.1 Mndum spinulosum 4 1
10.2 Dic&dnum drummondidi 202 2
10.3 Bazzania trifobata 3 1
11.1 Cladonia bacillanis 6
Cladonia macilenta 2
Parmelfia conspersa 2 :
11,2 Lecidea scalanis 5 1
11.3 Cladonia cristatella 11 3 1 S 7
- Cladonia gracilis 2 1 4 1 10
; Cladonia parasiiica 2 1 1 2: 2
| . . '
11.4 77 Cladonia chlorophaea 14 1 3 13 5. 7
Hypogymnia physodes 2 2 1 11 4
11.5 CLadonia sp. {(squamules) 48 9 4 27 34 20 45
Bacidia chlorococeca 26 2 1 5 i 9
CLadonia coniochaea 25 4 1 14 7 1 18
Cladonia squamosa 5 5 9 7 10 10 9
Parmelia sufcata 3 9 2 3 13 4 5
Lecanora conizaca 3 1 2 2 2 12 7
L. stnobilina)
11.6 Usnea hirta .3
11.7 cf. Calicium sp. 3
11.8 Cetrhania pinasini 1 1
11.9 Panmeliopsis ambigua ' 2 1/ 2 4
11.10 Parmelia subaunifena 2 L 5 1l
11.11 ‘Parmelia rudecta 3 3 1 1

L}
e =

I
o
!
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Herb and Shrub layer

13.1 Bidens {rondosa 54
: Calamaghrostis canadensds - 30 :
Agnostis scabnra 13
Spinraca atba. 11

Canex Leptalea
Exdiccaulon septangulare
Nemopanthus muchonatusd
. Lycopus americanus

mnmonnw

Table 22 cont; o ks
No. of ' - - .
Eeol. Numbei ggt?uadrat 1 2 3 4 5 6 7 8
Group P ' '
11.12 Cetnania oakesiana ,>A - 1 3
o * . ) 7‘\\__
11.13 Platismatia tuckermanit _ 0.3 0.3
1114 Dicranum montanum 0.3 1 0.3
11.15 Lecancra chlarona . ' 6 1/3°°5 11 9
E.Hpinaétni S -
11.16 Micaraca prasina 1
' Leprania sp- 1
11.17 Stenocybe sp. ' ' . 11
. 11.18  Mycocalicium panietinum | 1
11..19 Ochnoﬁechia andioggna 1 2 7
11.20 Cladonia rangiferina , 0.4 12 2 8
11.21 dhnea comosa 1
11.22 Cladonia botnrytes ' : : 1 1
. Cetrania halei . 1 1
11.23 Cladonia cenofea : ' ' 2 2
11.24 - Bacidia sp. IT 3 2 7
11,25 Cladondia §Loerkeana 4
11.26 Lecidea granufosa (ster.) . ’
12.1  Schizophyllum commune ' 1
' Fomes fomeniarniusd : 1
12.2 Phellinus ignianius ‘ 1
‘ Polyporus sp. | , 1
12.3 Polyporus tomenzoéué's.l.' o1 13 10
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Table 22 cont.

Number of quadrat
{plot)

13.1

Inis vernsicolon

(cont.)  Sium suave

13.2

13.3

13.4

13.5
13.6

13.7

Sagititaria cuneata
Juncws brevicaudatus

Mynica gale (0.01-0.2 m)
Hypenicum ellipiicum
ELeocharnis acicularis
Lycopus uniflorus
Mimulus ringens

Cicuta bulbifera
Potentilla palusitnis
Carnex pseudocyperus
Campanula uliginosa

Mynica gale (0.2-2 m)
Canex dispenma

Bidens connata

Carex blanda

Mentha canadensdis
Thalicthum pubescens
Canrex thibuloides
Aster cornddifolius
Glycenia . borealis
Onoclea cdinnamomea
Muhfenbenrgia mexicana
Gal.ium tabradoricum

Chrysoplenium americanum

Galium obtusum

Viola sp.

Rubus sp.
Dryoptenis spinulosa

- Cincaea afpina

Viola paflens
Onoclea sensibifis
Anisaema atrorubens
Laportea canadensis

Trnientalis borealis
Maianihemum canadense

Brachyelytrum erectum
Parthenocissus quinquefolia
Mitefla nuda -
Athynium-thelypteroides
Carex sp. '

‘Ribes amemicanus

Dryopterdis phegopierdis

Dayoptenis disjuncta

Athyrium §LLix-femina
var. michauxii
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Table.22 conE.

Pinus strhobus

No. of : [
. N ‘
Feol. umber of guadrat 1 5 3 4 5 6
{plot) .
Group . \
13.8 Tianclla cordifolia 16 1
Streplopus roseusd 10.4
Lycopodium obscurum 0.3 2
.13.9 Arafia nudicawlis 2 2 1 1 1
13.10 . Pyrola seccunda 0.4
Medeola virginiana 0.2
Lonicera canadensis 0.2
Viburnum aﬂn&ﬁoﬂium ‘ 0.2
13.11 Connué mugo&a 1 :
: Gaulthenia pnocumbené 0.4 1
Asten macrophyllus 0.2 10.3
13.12  Asien ptaamicus 0.2 2
13.13 Dayopternis manginalis 0.2
13.14 Vacaintum myrntifloides 0.4
13.15  Amelanchiexr sp. 0.3
| Cypripedium acaule 0.3
Tree layer-I 0.01-0.1 m.
14.1  ULmus cf. nrubra 2
14.2 Afnus nrugosa 5 2
14.3 Thuja oceideintalis 13 4 3
14.4 Betula sp. 15 24
Fraxinus nigha 6 7
| . Picea glauca 5 2 .
14.5 Aoern spicatum 1 0.3 0.2
14.6 Acen rubrum 1 1 1
14.7 Tsuga canadensis 10.20.2
14.8 Acen pensyfvanicum 0.3.0.4 1 2
14.9 Acen saccharum g g
' Betula papyrifera - 1
0strnya u&&g&n&ana.
14.10  Quehcus borealdis 1 2. 1
4.10 " 0.3 3
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ggél?f Number of guadrat

Group . (plot)

Table 22 cont.

1 2 3 -4 5 6 7 g§°

Tree layer II 0.5-5 m
15,1  Thuja occidentalis
ULmus rubra

Alnus rugosa
Picea mariana

15.2 Betula papyrifeira
15.3 Abieé‘baﬂaamea

15.4 Fraxinus nigna/
Acen pensylvanicum

15.5 ©  Tsuga canadensis
Acer spicatum

Tree layér IIT 5-10m

16.1  ~Acer saccharum
- Fagus amerdicana
Abies balsamea
Ostrya virginiana

-~

8 4
2
2
2
|
10 . 3
X .
» l
L1
210.4
&
3 .
1
1
0.4

-

e '.‘.4:& ‘

4T
r e e -
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lént to the associations described on page 171. Such a sSys~
tem of data organization permits also the groupings of the ;

rarer species.

Freﬁ Eabie 22‘it.ishevident that the ecological 'groups.
of wet ané“mesic stands (quadrats 1l to 4) are very rieh.in C :
mspeeies. The ecologicai amplitude of the species inereases
. from positions one to eight (e.g. species in 1.1, 1.5 vs. ’
11.6 to; 11.26; see Table 22) . With greater environmental "
stresses as one moves up the gradient plants with high fre-

quencies become less and less important. The. "closed" eco-

logical gfoups (i.e., with cover in most microquadrats close
to 100 percent) whose members have high fredquencies in the
wet and mesic sites are gradually replaced by "epen" groups
(i.e., wﬂth eoverage in a given qnadrat never complete) When
the hilltop is approached. -Overlapping between‘groups along
the gradient is found and this is evidently the resélt of the
\

distribution oﬁ_logs. The vertical component of this:dise
tribntion is examined in terms of species richness fhe
horlzontal .component. is examlned in terms of sum of mlch:

AN
quadrats of given types for partlcular log spec;es and per °

5
4

position on the gradient. The results are presented in F1g1/32

c). Space avallable to plant growth: } : - \\

It is ev1dent from Fig. 32 that some stands produce a

-

large number‘of thin logs (e.g. positions 5,2; conifer logé,‘-/'
probably mostly Abies. See Fig. 33). In other stands large
. logs of certain species dominate (e.q. Tiﬂi@, position 4;

w—

g Pinus, position 6). The rest of the stands either show similar



Figure 33. Total number of s&stemat@cally sampled micro-

.quadrats per log-species as a function of position

on the gradient.
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The

tendepcies or have logs present in all dfameter classes.
nearly even-aged structure of the dominant tree‘layer mentioned

elsewhere.(p: 8§7) does not:seem to be present in larger areas

aiong the-investigated.transect. Individual life spans ,of

-

the different tree species along the gradient are evidently

. . not synchronous. This means*that the basic factor - log

‘space - 1s not strictly comparable over the gradient. Allow-

ance for this intrinsic error has to be made in subsequent
discussions.

d) Ecological groups:

The data for the ecélogioal groups are summarized in

Fig. 34.. The frequencies for each position and for all groub
members were averaged. This simpiification allows us to
compare the plant responée of certain groupinos with a few
faCtor complexes of overriding importance (hydrophytic, meso-
phytic, xerophytic, etc., see Fig. 34).‘fThis reduction of a
complex mass of mlcroquadrat data to a simpler form facili-
tates its examlnatlons. Since: logs in all quadrats were sys-—
tematically sampled and 'since log density 1s.h1ghest in
forests close to the lakeshore but lowest on dry hilltop, data
originating from the wetter sites seem less distérted by
averaglng frequenCles than those of the drler SLtes. This
procedure was preferred since it represents computatlons
rather easy to understand .and has been advocated for hypothe-
sis generation (Goodall, 1970).

If one takes into con51deratlon Gauch and Whlttaker s

(1972) coenocllne data, it is evident from Fig. 34 that Smele

5



Figure 34. Average pe:dent frequency per position on the

gradient and per ecological group.
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beil—shaoed frequency curves rarely occur, They areneithet
Ahighly skewed-towards the wet‘part of the gradient (e.g;_l.4)
or towards the dry part (7.3, 11.24). Bimodai and irredulan'
curves caifl also belextrapolated from Flg. 34. It is’ espec1ally :
noteworthy that some more frequent spec1es show a tendency

towards a bimodal ftequency curve (e.g. 4.1, 11.5, Flg.034):

) Species richness and stage of decay:

The vertical component within each quadrat is presented
in relation to species rlchness per unit area (Fig. 35 and 3;)
The quadrats.on the lakeshore and in the wet stands (Fig.'35y“
with extensive mudflats show logs lying at, dlfferent levels
above the ground or the water. The mesic and dry stands (po—
smtlons 4 to 8) do not show zonal dlfferentlatlon (Fig. 36)..
In this study, decay stage of the wood and bark was not
found'to be synchronous. In Flg. 35 a capltal A after the
decay stage indicates that wood in microquadrats was found
with bark while a B represents wood w1thout macroscoplcallyl

i~

recognlzable'bark The capltal A and B .are used only when,
w1th1n a certaln decay stage, both substrate types are pre:
sent. NoO capltal letter was used when only one substrate
type was present. Bark is present in general in an early stage
-of decay whereas at later stages wood is malnly found

On the open lakeshore (Flg 35, p051t10n 1) all logs
‘stay in decay stage 2. They may gradually-lose their bark,

break into pleces and fall over the years closer to the water

(decay stage 2A with bark and 2B w1thout bark). In the partlal—‘

ly open wet forest (9051tlon 2) logs in ‘decay stages 1l to 3

are found at the highest level ‘above ground. When they slowly

N



Species richness per growth-form in relation to
stage of decay and height above ground or water

level for open lakeshore and wet forests.
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3
Figure 36. Species richness per growth~form in relation to

stage of decay for wet and dry habitats.
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break down they finally may end up close to the grouﬁd or

water in decay stages 3 to 5. ‘When the forest becomes denser

et

and multilayered (position 3) one‘cén'also find logs at a
higher levei-aboyeléround in a éﬁfj?gg;g}ggaﬁgfgge of decay.
From Fig. 36 it is evident tha£ the breakdown of bark does
not seem té occur,at.the same rate aé wood decéy. When the i
dry hilltdp is approached, logs with bérk are found not.only | ﬁ
in decay stage 3 (as 3A),ibut also in decay stage 4 (as 4R) . ‘
On the opeg lakeshbré, shrub and turf grthh—forms.have
importance on_lqgs close to the water levél whereas lichens,

especially fruticose forms, become more important at heights

1 to 0.5 m above thé water ievel. This tendency persists in
position 2 whefe the number of growth-forms increaseS'consi;
derably. In these forests cushions, mats énd hepatic growth-
forms ére ﬁell developed. Inpth@;closed wet forest (position
3) the species richnéss of the mat growth-férm is noteworthy.
When the species :ichnééé in Qet—mesic stands (position 3,
Fig. 36} 1is coméared with that of mesic stands (positions 4
to 5) it is important to notice the sudden decrease in the
number of appressed hepatics and herbs. iThe logs in position
3 show an increase in species richness with the advance of
the decé&.. Iin positions 4, 5, and 6, howevef, an overall-
decfease in species richness with thélprogress in decay can
be noticed. Oﬁly the lichen growth-forms shQW-a~somewﬂat
reverse trend.

f) Discussion and conclusions:

The floristic gradient on logs for the Heney Lake tran-

- . B N
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sect is Somewhat similar to the one .described for Mont Saint-
Hilaire. The assumptions mentioned apd -discussed in the Mont

Saint-Hilaire section (p, 144} are also valid for this study.

One difference

between the two transects, however, is out-
standing. The abundance of conifers on the upper slopes of
the Heney Laké transeét results in a higher species richness
in lichen'growth—forms especially fruticose (CLadonia svecies.
The floristid sequence is, therefére, influenced by the "re-
source aﬁailabilityf (Wh;ttaker, 1972) along the gradien£ as
well as by biogeographié factors. Generally speakiﬁ§,~abun-
dance of resources means that a habitat is favoura;le for
plant growth.. Thig:favorableness (Monk, 1967) with respect
to cryptogams is discusééd_in more detail inrthe'next para-
graph.

ITo understand guadrat to quadrat variation in species
richness or to interpret frequency curves of ecoiogical groués
one has to rely usually upon notions which express some in-
trinsic quality-of habitat differéﬁgés. When the only para-
meter for favorabiéneSS is specieginichness,'then there is

77

— . ‘ ‘
danger of circular arguments. In this st¥dy, however, some

knowledge about variation in the log-spa resource was ob-
tained (Fig. 33, p. 164). 1In addigion to this resource the
. general microclimatic varia;ion alo
and McCormack, 1961) is evident‘(- The favorableness
for cryptogams seems dirédtly-in luenced by atmospheric re-—
source factors (e.g. light inténsity, radiation, precipita-

tion, etc.). 1In some cases ese factors seem to operate

“Eh transect (MacHattie

J—

[
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additively (Qpen lakeshore) CreatingIan.overabundance_of re—
source for certain species, fﬁr example lichens which are not
able to establish themselves on constantly wet surfaces.
Frém space éndlmicroclimatic factors one may, therefore, con-
clude thgt favorableﬁess.for-bfyophytes is highest in wet-"
mesic and mesic stands; whereas licheés‘require drier habitats.
From the frequency curves of the ecological groups cer-
tain hypothéses can be formulated. It is evident from |
Table 22 that certain eéological groups in the wet and mesic
stands containia large number of species. Positive associa-
tion within one group resulting from similar habitat reqﬁire—
ments seems to be tﬁe dominant operative ﬁechanism of species.
diaéfibution; When one considers bnly éroups with similar
operationél habitats (Vandermeer, 1972) it looks as if posi-
' tive association of plants within one group could be masked
by rMegative association resulting from spatial exclusion.
Boﬁh tfpes of associatibn between species cannot be differen-
tiated‘from field data by direct means. )
In the wet;mesic sta@ds competitive spatial exclusion
(Gause, 1934) may stiil be operative. Here a number of spe-
cies with similar growth-forms and similar ecological ampli-
tudes (4.1 and.4.2 versus 4.3) are found for which this com-
petitive ﬁechanism ié still thought té be of prime iméortance.'
Habitats with certain fesourée shortages (e.g. dry,
excessively wet, highLy-unstable habitats, etc.) are either
colonized by-highly specialized species or by unspecialized

adaptive species. For both opportunistic species groups,

BN
L



Figure 37. Pathways of wood movement and decomposjition in

the Heney Lake area.
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N

other lnsects not only mine in the wood or in the area just

below the bark, but often introduce secondary wood decaylng

organisms which all togetherare responsible, for loosenlng the

bark. - The beetlellnvasrans take place in dead vertical trees

as well as in those in a horlzontal p051tlon In these dead

trees with.rotten T ntral portlons ants and other lnsects

establlsh thelr nests (Sanders, 1970} . Theyﬁoften attract

woodpeckers or even larger mammals such as Black Bears {Unsus -

amendieanus): Wthh evidently - are responsible for breakrng out

pieces of large logs to find the nests of bees or other in-

sects. .

The habitat diversity for insects must be quite enormous

Qhen logs'in all décay stages are present (Blackman and Stage,
1924). As mMOre: logs . in a certaln area are found in ;dvanced
stages of'decéy,-animals of the heterotrophlc litter food
chains are'éctive until all wood'materlal is recycled in the

littetr horizons of the soil.
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4, tMentAAlbert

| The opjectdve'of this section is to investigate the

floristic pattern occurrlngon dead bark and wood at dlfferent
stages of decay along a gradlent from shrub communltles of
alpine tundra through the various krummholz forests to subal—
pine forests: Logistic problems made it necessary to arrange
" the plots in an lrregular fashlon but these plots include the
main forest types which are present m the northern exposures
of Mont Albert. |

a) Plant communities of the'elevatienal gradient:

)

.
’1 The change in species composition along the .elevational

gradient is evident from Teble'iB. Certain plant assemblages
show flonistic similarities to some plant associatidns des—_
cribed by pansereau (1959), Grandtner (1966) and Jurdant
(1970) . )

Quadrat -1 (Table 23) probably represents a Betufetum

gnanduﬂoai (Dansereau, 1959) with patches of the chionophi-

lic. Juncetum tnLﬁLdL (Dansereau, 1959) in more elevated
areas. Quadrat 2-at the treellne 15, in. major part d typical
krummholz assocmatlon which Grandtner (1966) named Ab&etum-

hudéon&ae.: On" top of the peaty mounds a Uaac&n&etum v&t&b-

-

idacae is developed while in the depressions?a DeéchampALetum

athopupunreat may be dlstlngulshed Close toO the top of the

‘Amphibolite rldge one finds a subalplne krummholz association

which c¢ould be named Abietum hudéonaaa empetretosum 1f its

recurrent bresence could be demonstrated from other subalpine

habinats of the Shickshocks. on the morth side of the rldge,

;
;
1
!
i
i
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Table 23

coverage of plants in an altitudinal sequence of guadrats.

-

Qﬁadratﬁfplot) : ~ 1

2 -

3

‘4..

5

6

7

8

Tree layer I 10-25m" .

Abies balsamea
Picea glauca

Tree layer II 5-10m

Picea glauca

Abies bafsumea

Betula papyrifera var. '
condifolia '

Tree layer III 1-5m. -

Abies balsamea f.
hudsonia _

Picea glauca £, parva

Betula papynrifera s.l.

Amelanchier barntramiana

Shrub layer I 0.3-1lm
Abies balsamea £.
hudsonia
Picea glauca £. parva
Betula glandulosa
Sorbus amendlcana
Viburnum edule ~
Amefanchien bartramiana
Betula papyrifera var.
elobata
Vaceinium ovalifolium
Shrub layer II 0.03-0.3m
Betula glandulosa
Rhododendrnon Lapponicum
Salix neticulata
Salix cf. brachycarpa
- Anctostaphylos alpina
Vaceinium uliginosum var.
alpinum .
Ledum groenfandicunm
Empetaum nigrum s.l.
Katmia angusitifolia
Kalmia polifolia

7
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I Table 23 cont. .

guadrat (plot) S |

3

shrub layer II cont. .

Betula papyrifenra s.1l.
Rubus sp.

Connus canadenddsd

Vacc.inium uliginosum
Phyttodoce coerulea

Ribes Lacustnre

Ribes glandulosa

Rubus ideaus var. sfrdgosus
- Yactinium ovaldfolium’

Oon exposed mounds
Vaceinium vitis-idaea
var. minud
Vacainium caespilodum
in wet depressions
Andromeda gﬂaucopﬁgﬂﬂa
Sonbus - amerdicandy}
Rubus Lidaeus S
Rubus sp. '
Connus stolonifera
Acen spicatum
On rocks

Taxus canadensdds

Tree seedlings

" Abies baksamea

Betula papyrifera

?erb layer I 0.3-2m
Henacleum Lanafum

Actaea rubna

Calamaghos Lis canadensis.s-l.
Solidago macrophylla

‘Geum machophyflum

Athynrium filix-gfemina

Herb layer II 0.01-0.3m °

Canex scirpoidea : 2

Juncus trifidus 2.

Deschampsia caespilosd
var.‘ﬂitionaﬂa 2

NN
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‘Table 23‘Eont.

Quadrat (plot) o 1

[

Herb'layerlII cont.

Seirpus eaespitosa

vax. callosus | 2
Arenarnic marcescend 1
sotidago chforalepis 1

Streptopus, roseusd
- var. perspectusd
Solidago macnophylla

var. tynrsoidea
ceintonia boreallsd
Linnaex borealds -

var. Longiflona
Trnientalis bonealdis
Lycopodium annotinun

var. acrifolium
Coptifgroentandicd
Pryopterndsd phegoptenia
Haianthemum canadense
Deschampsia f§lexuosd
Athyrium cf. thelypteroides
smilacina trifolia
Caai&ﬁte}aféaptentnionaﬂié
Sceinrpus SP-
Lycopodium efLavatum

var. monrostachyon
Asten foliaceusd s.l. _
Dhyplends 6pinu£oba,s.1.
Oxalis montanda o
Hitella nuda
Equisefum phratense
EpiLobium honnemannd
Lycopodium Pucidufum
Aralia nudicaulid
Dryoptenis dis juncta

In wet depressions:

Deschampsia atropupuied
Canex vaginata
Canex paupercula

Galium triflorum
Vigla incognita :
Calamagrob tis canadensis s-1l.

e
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the typical krummholz association, the Ab.ietum hudsoniae

(Grandtner, 1966) is present.-
The Abieé ba£éaméa forests at higher eievations are .

florlstlcally 51m11ar to what Jurdant (1970) describes as

Bctuﬁo Abietum. athjn&et05um However, nearby tall herb com-.

munltles dominated by Heracleum Lanatum are sufficiently dis-
tinct that they would be placed as a separate entity by re~

searchers of the Zurlch-Montpelller tradlt;on (Braun—Blanquet
'1948) . Quadrats 6 to 9 ara composed . cf\boreal forests: of dlf—

ferent age structures and are closely related to the Betuﬁo-‘

Ab&etum dnyopien&ioéum (Jurdant 1970), The assignment of

thlS vegetaticn to this subassociation is uncertain. The
.'presence of Vacecdindium oggﬁiﬁoﬁium-and‘a great number of cryp- -
togams, eepeciallyrhepatics, suggest that thete iS‘a difter-
ence betweenlthe vegetation of the Lac St-Jean atea (Jnrdant,
1970) and that of central Gaspé. Although the bcocreal forest
in thlS area 1s much more unlform in floristic comoosmtl\h<'

than are the forests of Mont Salnt Hllalre and Heney Lake,,

the local smtuatlon close to the treellne is an lntrlcate

mosaic of vegetation in which homOgeneous patches are res-—
tricted to small areas onlyl The.local richness of cryvptogams”

PO ' .
is espec1ally astonlshlng in niches which are relatlvely free

of dlrect competltlon from higher plants.

b) Vegetatlonal change on logs along the gtadlent-

In Table 29 the percent frequency for cryptogams on
logs for each quadrat of the altitudinal sequence is glven.

The small twigs of the Batﬁﬂa‘gﬂauduEOAa community harbour a

©
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Table 2
Percent frequency in quadrat (plot) 1-9 calculated from

presence absence data of all microquadrats sampied.

Number of plot _ 1 2« 3 4 5 6 7 8 9
Number of mlcroquadrats © .14 19 47 16 98 110 132 141 145
- sampled in a plot .
Leeidea symmicta ' ' 86
Lecanokra codilocarpa .7
Cetrnania nivaldis 36 32
Cetnarnia saepincola 36 10
Ochrolechia frigida. 14 16
Cetnania isfandica 7' .4 2 ¢
Cetnania haled 7 6
Panmeﬂ@épéié hyperopta 14 38 38 22 24 .31 6 1 r
Alectordia nigrdcans 16
. Ochrolechia frigida : :
. f. gonatodes 16
'OchnoﬂechLa sp. I 16
Parmelia éeptentk&onaﬂ&b 7 10
XyLographa abietina ;idw“ 68 ‘ 1
. Alectonia bicolon R 16 13
Cladonia mitis o 5 4
- Cladonia bacillanis L 5 11
CLadonia sp. I (sqdémuies)“ . 16 13 21 -
Mycoblastus sanguinaiiyus . 42 38 43
Parmelia saxatilis =~ 21 38 4 14
Peatismatia glauca -, 21 . 19 : 21 -4
Cladonia coccifera s.l. - 10 55 44 8 ‘ 2
Cetrania pinastni o 37 23 25 11 1 16 3
Parmeliopsis ambigua 10 32 19 13 12 35 6. 4
Cﬂadonia'éyanipeé - ' ,15
Lophozia hatcherd 6
Crustose Lichen (sterile) 6
Bacidia sp, 4 —
Stenocybe majok 2
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Table 24 cont. -

f. palfescens

b _

Numbexr Qf plot 1. 2 3 5 6 7 .38 9
Lecidea ghanufosa (sterile) jl .19

CLadonia capneola 11 . 6 3
Cephalozia catenulata ;4 6
PlLagiothecium sp. ! 9 3
CLadonia bacifLiformis 2 g -

CLadonia sylvatica 6 3 ,

CLadonia botrytes 26 3

Cladonia alpestrdis 2 9
Nephroma beflum 2 19 3.

Dichranwn montanum 2 303
. Ckadonia digitaita 6 11 2

Cephalozia. media 4 ’ 11 5
Cladonia deformdisd ‘34 56 15 8
CLadonia chlorophaea 1 19 4 1 1
CLadonia rangdifernina 6 6 2 9
Ochrolechia androgyna 4 4 52 8
Lophozia ventricosa s.l~ Voo 5 5 3
CLadonia cenofea 11 17 5 9 13
Lophozia poaphyrofeuca 17 31 36 3 9 6
CLadonia squamosa. 34.19 21 8 4 24 3
Lophaziatﬂongidené 13 50 13 9 12 11
Dicranum fuscescensd 17 38 10 34 21 45 37.
Ptilidium pulchennimum 15 50 23 39 31 23 20
PLeunozium schrebend 4 25 24 66 14 40 19
Cladonia amaurochaed 19,

Alectoria nadvornikiana 25

Hypogymnia vitlata 19

Petftigera aphthosa 19 -

lecidea granulosa (fertile) .19

Lophozia veninicosa 19 24

var. sifvicola
Lophozia Lycopodioides & 2
" Hypogymnia phyéodeél 13 14

Temadophifa erdiceforum 38 6
HyLocomium umbxatum 6 7 5
Brachythecium stanked 19 26 2
Ochiholechia sp. II 38 4 1

ALectonia sanmentosa 19 4

CLadonia cf. coniochaed 6 11 10
HyLocomdum splendens 19 21 5 49
Hypnim pallescens 19 15 6 S5 4 11
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Number of plot

1

Table 24 cont.

2

Cladonia cornuta

.Cladonia crispaia

Riccarndia Latifrons

Micarea. sp.

Lecidea cf. helvola
Brachythecium cf. acutum
Bacidia arceulina
Rhizomnium péeudopunctatum '
CLadonia uncialis
Drepanocfadus uncinatus

Pohlia nutans
Polytrichastrum alpinum
Rhythidiadelphus subpinnatfus
Cladonia pleurola
CLadonia gonecha
Anastrophyllum hellenianum
Calypogedla Suecica
Blepharostoma thichophylium
. Cephalozia sp.

Lecanoia chlarona £. pinastri
PLagiothecium Laelum

PLagiothecium hoeseanum

Lecidea cf. cinnabarina
Mylia taylonri
Jamesoniella autumnalis
Cephalozia Leucantha
Lophocolea heterophylla
CLadonia cf. cristatella
Brachythecium rutabulum
Brachythecium salebrosun

Anastrophyllum michauxid
CLadonia ghacilis

var. difatata
Cladonia sp. II (squamules)

‘Aléetonia capillarnis

-~ Tschnodeama resinosus .
Hypogymnia cf. enteromorpha
Polyporus tomenZtosus s.l.
Usnea dasypoga

Calypogeia sp.

Lophozia incisa
Rhizomnium punctatum s.l.
Lepidozia nrepians
Dicnanum fLagellare

5 6 7
8
5
5
5
1
3
2
1 .
1
1
10 7
3 3
4 2
14 1
1
8
9 .
10 -3
4 3
4 3 10
5 27
2
3 4
4
15
13
6
3
20
5
5 4
15 2
2 11
8
3
3
2
2
3

19
18

14

o
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Table 24 cont..

Number of plot

1. 2 3 4

Nowellia curvifolia.
Geocalyx graveofens
Tethaphis pellucida
Cafypogeia cf. neediana
Seapania apiculaia

Lophozia ascendens

Herb and Shrub layer
Lycopodium clavatum
Chiogenes hispidula

Rubus sp. . T
Vaceindium uliginosum
Linnaea boreafdis '

var. Longiglora
Coptis ghoenfandica

clintonia bonealis
Trnientalis borealis
Connus canadendds

Maianthemum canadense
Streptopus hroseus

Oxalis montana

Galium trdiflorum ’
Dnyoptenis phegoplendis
Solidage macrophylla
Mitella nuda .

Dnybptenié spinulosa
Lycopodium ?ﬁcidutum
Ribes Lacustinre

, Vaceindium sp.
Ana£;a'nudicauﬁié
Tree seedlings

Abics baflsamea =
Betula papyrifera

Picea glauca
Taxus canadensis

6
6
4
2

W 4 19

L s B

4
6

9 6

11 6

6

13

19

(B0 0 o

N~ =

1
2
3
4
€ 5
2
1
7 33 8
26 2
3
4
g 28
18
3

R

W - 0o

36

o

O N
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special Paimeﬂ{opéib community. fhe presence of Leei&da sym-
nfzzgjnzzzgzo@d.coiﬂocanpa and the usually soilQinhabiting
\J’///zetnaaia spp. show the floristic distinctness of this com-
muniﬁy. In quadrat 2 the Cetnania.spp. persist and are accom-
panied by Alectonia nigkécens and Ochrofechia spp. both of
which are characteristic of alpine and arctic heatﬁer com-
munities sﬁgjected to considerable mechanical or other envi-
ronmental stresses during the winter {Friedei,'lQGl). Com-
munities of old grey weathered wood are 1ntr1cately mixed in
quadrat 2. When- these communltles are situated above the mean
snow level they often.show Xylographa abietina; when they are
close to the ground one finds a Parmeliopsis community with
a number of Cladonia spp. -When the continuous cover of the
interwoven crown layer of the dwarf krummholz is present in
quadrats 4 and 5 the epigaeic (efraria spp. vanish and species
of the Panheﬂiopéié oommunity increase in frequency. - CLadonia
cyanipes, C. canneo£a and'C bacifliformis are characteris-
tic for these krummholz logs in open areas, where they occur
rarely. Hepatlcs mosses and lichens, espec1ally Peltigenra
aphthosa and Temadophila éﬁicetonum, are more important under
the densely interwomen krummholz layer.

The crfptogam component on logs in the ooreal forest
close to the krumﬁholz (quedrat 5) reflects both openess‘as
indicated by CLadonia connuta and c. crispata, and the moist
habltat with springs as 1ndlcated by the presence of Rhizom--
nium pbeudopunctatum and Riccardia-Latidnons of this subalplne

area. A distinct group of hepaﬁlcs make'zx p0551ble to dis-
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‘tinguish the communities of quadrats.é and 8 from those of
quadrats 7 and 9. Logs in quadrat 7 are particularly rich
in epivhytes, whereas the hepatlcs common to plots & and 8

-

?re missing in quadrat 9.

\ - ¢) Percent freguency of species within quadrats’l to
b : ’

\ 4 in relation to stage of decay:
\

The data for this elevational sequence is presented in
itwo parts. The first deals with the logs in the tundra and

‘the krummholz communltles whereas the second part descrlbes

/

' the plant assemblages on rotten logs within the boreal forest.

In. quadrat 1 and 2, wood in decay stages 1 and 4 was ob-—

served macroscopically. HNo fungal hyphae could e detected

microscopically in wood at a "decay stage" 4 and it seems that

the "breakdown of grey weathefed wood is mainly mechan;cal.
The assignmént of thls wood to decay stage g.is,‘therefore,
tentative. | _

In quadrat i on thih.decorticated twigs of Betulfa glan-
dufosa only ch&dea symmicta is able to recolonize these un-
stable twigs (Table 25). Close to treeline, however, these
grey weathered wood surfaces are more extensivgaand probably
more stable as indicated by species richness (Table 26, see
also‘Fig. 38) . Only in protected fissures do Ptitidium Puﬂ-
chennimum and Dichanum sﬁ. appear (Table 26). .

In quadrats 3 and 4 (Ta&le 27 and 28) wood in decay:
stages 2 and 5 is not presént. The 10q‘remain in decay stag

&

1 in quadrat 3 for such a long tlme that even herbs can find

a suitable habitat there. Flé lSth similarities exist for

e



yiTable 25
Percent_frequency-of‘speciés in relation to stage of

decay - in guadrat 1.

N

Stage of decay 1 2 3 4 5
Number of species 8 - o 0 1 0 .
P - ' -
Lecidea symmicta 88 | ' 100 '
Cetharia nivalis : : 63
- . , .

Cetraria saepincola 63
Ochrolechia §rigida 25
Parmeliopsis hyperopta 25
Lecanonra coilocanpa - 13
Cetrnania islandica : 13

" Cetrania hafed ' 13

™
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Y

Table 25

_Percent frequency of species in relation to stade

of "decay in quadfé£ 2

stage of decay 1 s 2 3 4 5
Number of species 9 0 0 12 0
Platismatia glauca 80
Panmelia saxatildis 80
Afectoria bicolon . 60
cfadonia sp. (squamules) 60

. Ochrolechia sp. . 60
Parmelia seplentrionalis +40
Cetrhania halel 40 "
Cetharia pinastrd ) 100 ' 14
Mycoblastus sanguinariusd 20 : 50
Xylographa abietina ‘ : 93
Paxmeliopsis hyperopia 43
Afectoria nighicans . 21
Ochholechia frigida '

£. gonaiodes 21

Cladonia mitis 7
Cladonia coccdiferd 7
Cladonia bacillandis 7
Cetnaria islandica 7
In fissures
Dicranum fuscescensd ‘ 7

Prilidium pulcherndimum - 7
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Table 27

[P P

- Percent frequeney of species inlrelation to stage

of decay in guadrat 3. , |

Stage of decay 1

‘ 2 3 4 5
Number of species .30 0 17 20 0
CLadonia sylvatica 0. . _/ | :
Crustose Lichen , 10
Cladonia mitis - 6
. Ochrolechia androgyna B -
Stenocybe majonr .3
Dicranum montanum 3
Cetraria islandica 3
Peliigera canina 3
Nephroma beflum 3
Cladonia botrytes - 32 11
Parmeliopsdis -hyperopta : 29 . 47
Panmeliopsis ambigua 26. 37
Lecidea granufosa (sterile) 26 11
Cetrnania pinasind 13 ' 37
CLadonia cyandipes 13 16 -
Ptilidium pulchernrimum 10 21
Lophozia Longidens N 6 - 21 .
CLadonia cenotea A -6 ‘ 16 -
CLadonia carneola 3 21
Pleurozium schrebeni 3 14
CRadonia coceifera s.l. 45 - 58 14
Cladonia deformis o 19 . 37 29
Cladonia squamosa 13 Y 43 .
Dichanum fuscescens - 13 _ -5 43 -
Ltophozia porphyroleuca = 6 T 11 57
CLadonia chlorophaea ‘ .5
CLladonia bacilliformis 5,
Lophozia ventricosa s.l. ‘ 27
Cladonia digitata CE 43
CLadonia nrangdifernina ' 43
Cephalozia catenulata 29
Cephtlozia media ' 29
Lophozia hatecheni” o 4 29

PLagiothecium sp. . : 14
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Tabhle 27

Longiflonra

'Rubué Sp.

cont.

" Stage- of decay 1 9 .
llerb layer:
Vaccinium wliginosum 3
Trientalis bonrealis 6 29
Clintonia boreatldis 3 29
Lycopodium clavatum 3 29
Coptis groenfandica 3 14
Connus canadensis ! 71
Cliiogenes hispidula 43
[innaea borealis var. 29

29
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Table 28

Percent frequency of speciés-in relation to stage of

decay in quadrat 4

Dicranum Scoparium s.l.

Stage of degay 1 2 -3 4 5
Number of species 15 0 17 21 0
Parmelia saxatifis 75

Afectornia nadvornikiana 50

Afectonia sarmentfosa 38

Hypogymnia vittata 38

Cfadonia squamosa 38

Nephroma bellum 38

Platismatia ‘glauca =38

Alectornia bicolonri 25

Cladonia chlorophaea 25

CLadonia sp. (squamules) .25 J

Hypogymnia physodes 25

CLadonia condiocraea 13

CLadonia bacilliformdis 13

CLadonia carneola 13

Cetrnania haled 13

Mycoblastus sanguinanius . 50 40 )
Ptilidium pulchernimum . 38 100 /
Parmeliopsdis hyperopia . 38 60 ,
CLadoniq@ coceifera s.l. 25 100
Cetrania pinasindi 25 40

Lecidea granulosa (sterile) 25 20
CLadonia amaunrocraea 13 40
Cladonia deformis 38. 100 33
Lophozia Longidens 25 80 67
. Panmeliopsis ambigua 60
Hypnum pallescens £. 60

- pallescens

Cladonia nangdferina 20
Cetnhania Lsfandica 20 -
Temadophifa endceforum 80 67 .
Lophozia porphynoleuca go 33

icranum  fuscescens 60 100
Preunozium schhebend 40 ' 67
Lophozia ventricosa var. 100

silvicola :

Lophozia attenuaia 100
Lecidea granulosa 100
Hylocomium splendens 100
HylLocomium umbratum - 100
Peltigena aphthosa 100
Brachythecium starked 100 ‘
Lophozia Lycopodioides .jgg :
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,olant'assemblages on logs inwdecay stages 1 and 5, The li- ' PR E
chens Steuocybe majoa and Nephioma bellum, Howevér with low
frequenc1es on bark, do not colonize wood in decay stage 3
and CLadonia bacilliformis is not found in Gombination with
épiphjtes. With increasing poxosity of the wood, hepatics
increase in frequencf but-are not accompanied by tree seed-
lings. :dreeping herbs, such as Chiogenes hispidufa, Conrnus
canadensis, Lycopodium ssp. and Linnaeg “borealis, may have‘
invaded tﬁis habitat byrvegetative means.

when the gaps withfn the krummholz are closed as compéred
to the open treeline habitats on that side where massive in-
flux of snow is believed to occur, the sﬁecies richness in-
creases especially. on the bark in decay stage 1. The vigorous
hepatic and lichen species such as Ptilidium pulchernimum,
CLladonia cocciﬁena:‘C£adonid deﬁanﬁié attain high frequencies
,and leave little séace for compatitors. When the logs in
‘decay stage 4 are positioned under the dense cover of the

¢
krummholz, however, mats of Hjﬁocom&um and BnachgthQCLum

and cushions of D.icranum 6uéceacena ciP successfully compete
with most,frut1case llqhens. Espec1aliy competltlve are the
epibryic Icmﬁdophiﬂa enicetorum, Lecidea gnanuﬂoaa or the
large Peltigera aphthosa. “

d) Percent frequency of specmes w1th1n gquadrats

5 to 9 in relation to stage of decay:

The'typical cyclic pattern of northern forest types 1is
here brleﬁly described as an introduction to this section

(Lelbundgut 1962; Plochmann, 1956) .. The cycle of the boreal

‘A
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forest may pe divided into three stages;: young,_optimal;i S
and.decadent or overmature stands. In:young stands witn-high
number of individuals per area competitidn results.in a death
rate of trees in small d b.h. classes. In the optimal_stands
" forests are characterlzed by a many storled structure in

which shade tolerant speCies occupy the space | below the'cro ls

laper of the dominant trees. Most trees are in the rlddf/i22§
classes and since most logs pelonglng to the young stages have
disappeared,athe-above-ground dead materlal is composed of ‘
med1um—smzed logs. The larger trees break down in thie over-
mature stands and the resultlng gaps are filled, in by younger
trees.‘ Therefore, one can expect the largest decaylng logs
inithe decadent stages of the cycle. From the sequence oF . ‘

stages one can predlct that a young stand should have a hlgh

number of'elongated mlcroguadrats (types 3 and 4, see o 60).
The optimal stand should yleld a high number of rectangular
microquadrats (type 2) whereas the decadent stage should
produce big enough’ 1ogs for square mlcroquadrats (type 1) -
In the upper part of Fig. 38 the actual sampled numbers
of mlcroquadrats are glven In the ibwer part of Fig. 37
spec1es-r1chness for a partlcular qua at lS 1ndlcated for
stages of decay and will be discussed urther below. It is

evident from this flgure‘that quadrats b and g ‘fall wrthln

the predicted pattern for the optimal p: se whrle quadrats 0

5 and 7 follow the expectatlons for the ecadeht'phase, and
. ° ' ' g

quadrat 9 is gypical for the young phase. . .
i Most subalpine forests closeltc the Kk ummholz,lquadratus



Figure 38. Total number of systemafically sampléa microqua-
‘drats of.certain types (see Fig.- 9, p. 60) and number

of species per stage of decay.

.,
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15 an e\ample, are usuélly quite-ppen and have patchy vegata-
tion patterns with large decortlcated dead standlng trees.-
These tgunks fall as single trees to the forest floor and not.
in groups as most trees in the boreal forest do. Here dead
rrees Or tho§é:weakened by heart rots fall to the forest floor
usually with some bark left on the trunk. Therefore;-tha

kinetics‘(Byallov1ch, 1969} of organic fractlons from trees

in thé subalpine'forests are different from those of the
closed boreal forests. ' ' | Liw ;/)
Species richness, also included in fig.338, shows more | |
or less low levels in the closed boreal forests of youﬁg andl
dééadent stages» (7, 9) - The optlmal stages (6, 8) of this
forest on’tﬁe‘other hand h;g high specles numbers, especxally
on‘logs in the later stages of decay The species numbers
in quadrat 8. for stages 3 and 4 are larger than those in

quadrat 6; however, they are small when compared with. qua—

drats 7 and 9. This fact is thought to indicate that'spec1es

richness is mainly controlled by factdrs associated with

sorest structure and less by factors which change with alti-

- . . — e

tude.

Quadrat 5 (Table 29) as mentioned apove has kinetics of
wood fractions different £rom 211 other plots. The large
‘standing grey weathered trees apparently decay in an upright
position. The outer wood cylinder stays solid longer than

any other log surface in the closed boreal forest. Decay - .

segms to progress from the inside of the tree leaving the

outer wood cylinderx 1ntact for considerable time spans. When

|
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Table 29

Percent frequehcy of species. in relation to stage o:

decay ih quadrat S

Cladonia coccifena s-1.

stage of decay _ 1 02 '3 4 5

Number of species ' 12 34 30 20 12

panmelia saxatilis 24 . i
Leecanora chlarona - 24 i
Cetharia haled . .18 f
leeidea cf. helvola . 12 8 f
Ochnolechin sp.- 11 ‘ 12 75 :
Parmeliopsis ambigua "35. 20

Cetrnaria pinastni 24 23

Panmeziopsia hyperopia 47' 27 13

ptilidium pulcherrimum 24 19 20 -

Cladonia sp. (squamules) 18 41 10

Hypnum palfesceisd _ ;

©f. paflfescensd 6 30 10 v
Dicranum 6w§ceécenb ;," 12 17 30

cladonia cenofea N 46 ¢

Pohtia mutand o 27

Cladonia coanuta 22

Ctadonia enispaia 14

Cladonia chlLorophaea 11 -

Pofytnichastrum afpinum 8

Nephroma beflum : 8

Lophozia Lycopodioides 5

Cladonia uncialis 3

cladonia gonecha, 3

Brachythecdum cf. aculum 3

Lophozia Longidens 32 3

ClLadonia pleurota 27 13

Cladonia digitata 22 10

Plagiothecium Laetum 8 7
. Micarea sp. : 8 7

Dienanum montanum 5 3

Cladonia sylvatica B 5 3

. . L]

Lophozia aftenuala 11 30

Cladonia squamosd ig -43- l%g

PLeunozium schrebend r 13 10
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rable 29 cont.

Abies baﬂquea

1 2 3 4 5
cladonia deformis 19 23 33'
pichanum 4coparium s.l. 57 - 10 80 67
Lophozia porphyroleuca 54 37 30 33
Lophozia ventricosa

var. silvicola 30 30 30 33
Brachythecium starked 22 20 10 33
Calypogeda suecica "5 20 10 33
Cephalozia sp. 13
Bacidia arceuiina 7
Prepanocladus uncinatfus 3
nhizompium- pseudopunctatum 3
Riccardia Latifrons | 10 20
BLephatrastoma trhichophyllum 17 30 33
Rhytidiadelphus subpinnatus 30 33

(=R. squanrosus var. calvescens) :

Herb layer
HitellLa nuda 7
Oxalis moniana 70
Connuws canadensis 50
Tnictalis bonealis 20
Galium triflorum 10
Ceintonia borealdis 10
Sotidago macrophylla 50 67
Dngoptanié phegoplenis 33.°
Tree seedlings

7 70 33
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the wood 1in connectlon w1th the soil is rotten these prominent
trunks finally fall to the forest floor. Here: they stay im
decay stage 2 and prov1de a sultable habltat for a dlStlnCt
species group as shown in Table 29.. When the typical brown
rot reaches the outer wood cflinde; to suoh'aﬁ extent that -
the iogs,breakrmechanically ihto oleces,,no‘distinct spacies
*groﬁp is noticed. | | |

Siﬁce the structure of the forests in quadrats 6 and 8
is 51m11ar,data for those olots wmll be dealt with together
and are presented in Tables 30 and 32 respectlvely. In qua-
drats 5 and.6 for decay-stage 2 a florlstlcally similar group
is present. In thlS group (5, 6) Hypnum pallescens and Lopho-
zia fongidens are associated. In quadrat 8 (decay stage 4)
and 6 the assooiation of Dicranum fuscescens aﬁa-Myﬂia tayloni
should be mentioned. Outstanding is the species richnass of
small hepatics in gquadrat 8 ‘and decay stage 4. These hepatics
grow intricately mlngled in small scale mosaics and are not
found in quadrats 6, 7 or 9 althoughfcertain species of this

_floristically distinct group may be preseﬁt locally. _ \

The pattern outlined for quadrats 6 and 8 contrasts mar-

kedly to that of quadrat 7 (Table 31) which represents a de—‘
cadent phase and quadrat 9 (Table 33) which is a young vhase.
.Logs of the overmatufe forests show, as expected, high species
richness for the epiphytic stage and a 1ow species richness
for the other decay stages In quadrat 7 only five species
out of 24 achleve frequency values of 50 or above whereas in

e

quadrat 9 nine specles out of 45 ‘exceed frequencies of 50.

I /-‘
./-
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Table 30

Perpeht frequency of species in relation to stage of

decay in quadrat 6

tage of decay
Number of" species
A

10

<

A TN

ptilidium pulcherximum
Algetpria sarmentosa .
Lecanpra chlarona
Ochnolechia. androgyna
[ecidea cinnabarina

Parmeliopsis hyperopta
Parmeliopsist ambigua
Hypnum pallescens £.
pallcscensd .
Cladonia squamosa

Dicranum fuscescend

Cladonia gracilis var.
dilatata ‘
Lophozia Longidens
Cladonia botryles
Cladonia cristatella
Cladonia digitata
Cotraria pinasinrdi
Ochrolechia sp. II

Ctadonia cenofea

Prilium cnista-casirensds
Plagiotheeium Eaetum

Pleunozium schrebend

Plagiothecium roeseanum

T Ctadowia spr FI-tsquanules).

Brachytheeium rutabulum

Dicranum &coparium
Lophozia attenuata  __
Lophocolea heterophylla
Hylia tayloni

BLepharostoma trichophyllum

47
27
20
7
7

80

47
" 13

7

7

37
16

i1 -

21

45

_ )
W L LA 00

11

55

30,

1o,

16

58

38

13
75

83

21
83

29
17 -
13

32
45

86

23

32
23
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Table 30 conﬁ;

Stage of decay ' S 2 3 4 - 5
Cephalozia Leucantha 42 - 18
Jamesoniella autumnaldis 38 35
Brachythecium safebrosum. 17 4
Pohlia nufans 17 18
Anasthophyllum michauxidl 13 9
Hylocomium 3p£endené 41
Hylocomdium. umbratum 23
Herb layer
Maianthemum canadense - 16 8
Clintonia borealis 16 4
Oxalis montana 92 .41 - 64
Sotidage macrophylla 33 46 . 59
Connus canadense 13 .18
Mitetla nuda 13 4
Lycopodium Lucidulfum 4 14
Dnyontenis spinufosa 18
Tree seedlings ’
Abies balfsamea : 1£ 50 46 59
Betula papyrdifera ' 1f o7 la
* 4 14

f: g;fziésures of outer wood cylinder

reduced vitality
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Table 31

- Percent frequency of species in relation to stage of

decay in quadrat 7

Stage of decay

. 1 2 3 4 5
Number of species 17 14 ©18 16 8
Platismatia glauca 48
Parmelia saxatifdis . 31
Hypogymnia physodes 23
Alectonia. sarmentosa 19
Lecanora chlarona 16
I1schnoderma resinosus 6
Hypogymnia cf. enteromorpha 6
Lecidea cf. cinnabarina. 6 "
Usnea dasypoga 5 .
Polyponrus Tomentosus 3
Mycoblastus sangudinarius 79 26
Ochrolechia androgyna. 50 60
Cetrania anaétnL 16 31
Parmefiopsis ambigua 45 43 17
Panmeliopsid hyperopla 39 40 11
PriLidium puﬂchenanum 5 83 50
Hypnum pallescens f. paﬁﬂebcené 14
ClLadonia coccifena s.l. 6
Cladonia coniocraed 37 11
CLadonia sp. II (squamnules) 14 50
Dicranum fuscescens 17 78 57
Lophozia Longidens 9 44 29
CLadonia cenotea 6 28 14
PLeurozium schhrebend 14 6 43 100
Dichanum scoparium 17,
Ctadonia gracildis . ,
var. difatata °* ' 17
Ptilium enisia- castrensis 17
Calypogeia sp. | 17
Cladonia alpesine 11
CLadonia pleunroia 6
CLadonia squamosa 11 21
Lophozia ventricosa 28 13
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Table+s 31 cont.

Stage of decay S 1, 2 3. -4 5
Lophozia attenuata | : ‘ 43
Paﬂgtnichaétnum alpinum - : 29
Hybia taylond : - 29
RhgiidiadetphuéJ5ubpinnatub 25
Herb layer N
Solidago macrophytla - ‘ S 14
Coptis ghoenfandica ‘ : .14
Streptopus roseus ‘ : ' ‘ < 7
Oxalis montana ‘ : - 29 78
Connus canadensis . : , 29 25
Trhientalis borealisd : ' 14 25
- Tree seedlings
Betula papyrdifera _ S -1
Abies bafsamea | - 21 88
Picea glauca : | 7 38

AT

=
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" pable 32

percent frequency of species in-relation to stage of

decay in guadrat 8

stage of decay

" Drepanccladus uncinatus

A

1 2 3 4 5
Number of species 8 15 749 30 11
| Cetraria pinastri " 50
Hypogymnia physodes 20
lecanora chlarona 20
Ochrolechia androgyna © 70 13
parmeliopsis ambigua - 70 3
Parmeliopsis hyperopia 60 3
platismatia glauca 40 3
Ptitidium pulecheraimum 20 67- 21 28
CLadonia Spl II (squamules) 53 3
Cephalozia media : 20 16
Jamesoniellfa autumnalis 13 9
Lophozia ventricosa s.1. 13 7
Bﬂephanoétoma'tn&chOphgﬂzum 13 1
Cﬂadonia.coniocnaéa 47 '3 12
Anastrophyllum helferianum 47 16
Lophozia attenuaia 33 33 36
Cladondia rangd fenina 27 17 12
Lophozia incisa 13 12 8
Temadophila eniceforum 13 7 8
Dicnanum fuscescens 33 49 72 50
MyLia Zaylord 20 26 52 10
Lophozia ascendens 18
Lophozia'ponphynqﬂeuda 17
Lepidozia neptans 9
Calypogeia suecica 8
 Lophocolea heterophylla 8
Cephalozia Leucantha 7
Nowellia curvifolia + 5.
Geocalyx ghaveolens ’ 4
Cladonia caistatella 3
- Calypogedia Sp- T 3
Anasinophyllum michauxidi 3
Scapania apiculaia 1
Calypogedia cE. neesdiana ' i
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Table 32 cont.\\ o _ D

- gtage of decay - 1 2 3 4. .- 5 ‘ i
. : i : . : i
Cladonia squamosda - . 24 - 24 b
pichanum scoparium . o ‘ 22 12 i
. Lophozia Longidens . L : 16 12 : : ty
piilium crista-castrensis ' ‘ 14 = 16 '
CLadonia cenoiea o . 12 12 , |
Lophozia venirndicosa var. _ . 1 16 ' . A
silvicola : o | .
Rhizomnium punctalum 9 12 /
CLadonia digitaiaq 8 12" :
Hycoeomium &plLendens 3 20
\h-/)PﬂagLothecium Sp. 3 8
Tetraphis pellucida -3 4
pLagiothecium Laelum 8 20
pLeurozium schrebend ’ : - .51 16 60 /5
Herb and Shrub layer
Cﬂintonia\ggzifﬁib ) ioe 5-71
Linnaea boreafis var. ‘ . 1
Longdiflora ‘ = _
Lycopodium Lucidulum . 1
Oxalis montana " ' H‘Jm, , 29 92
Coptis groenlandica R 12 ;
Mitellfa nuda - T8 /
Ribes Lacusire ‘ 4 i
: /
Vacginium sp. - o - 4 . 10
Aralia nudicauldis 4 / 10
Connus canadensis _ 30
Taxus canadensis - ' - 10
Treelseedlings e ‘ - T
Abies batiamea : LT 24 . 32 %0
Betula payrifera ‘ : ‘ 4 7

28 20
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Table 33

percent freguency of species in relation to

decay in quadrat 9 .

stage of

stage of decay - 1 2 3 5
Number of species 6 4 11 16 8
Gchrolechia andnogyna- _ 30 Y
cladonia sp. IT (squamules) 20
Panmelfiopsis hypernopta 10
" Panmeliopsds ambigua . 50 2
prilidium pulcherrimum 90 5 28
Pichanum fuscescensd : 10 9 29 37 6
Prilium chista-casihendis 90 33
PLeunozium schrebedd ) 27 33 . 15 6
Hyfocomium splendens. : 18 60 53 44
Brachythecium safebrgsum 2
Dicrnanum 4coparium 7 7
Peltigera canina 5 3
PLagiothecium Laetum 7 725
Brachythecium nufabulum 5 2 19
.o : il
Lophozdia porphyrolfeuca 15 3
Cephafozia media 12
Lophozia ventnicosa s.l. . [ '
ClLadonia defonrmis _ ! 70
Lophozia attenuala . 3 _
Cephalozia sp. : 3
Tetrnaphis pellucida 2
Herb layer .
Oxalis montand 2 63
Dnyjoptenis phegopierdis 13
Trae seedlings
Abies balsamea 31
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young phase {decay stages 3-5).
Ql ‘
e). - Dlscu551on and conclusmons‘

will be discussed below in connectmon-w1th species ric ness.

The summary may be presented,together with.the followin
stereogramm (Fig. 39)

" The tundra and the krummholz show the hlghest spec1es
richness_with respect to llchens. Mosses and hepatics-occur o
only sparsely in the krummholz zone., When one leavesrthis
zone and proceeds downwards to the boreal forest, the sub-
strate dynamlcs of the decay of the outer wood cylinder chan-
ges as well as the cycllc pattern of the forest regeneratlon..
Niches especn.ally sultable for hepatics and mosses are fre- \
quently encountered in these closed forests When wet rooks
with rich.diaspore "pools” are present and the surrodnding
forest is 1n the optlmal stage (quadrat 8), speoies richness
on the logs is particularly high. ‘On the other hand the
decadent phase in which bracket fungi on. logs are frequently
found is rich in epiphytic llchens_but the overall species

_rfchness is'poor: When the wood becomes. gradually spongy,
“the number of’ herq,spec1es increases. The open boreal'forest
however and the krummholz plots do not show thls dlrectlonal

change. Tree seedlings were not recorded in the krummholz .

e
zone. They were, however, found in the boreal forest. Here

! -
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Pigure 39. Species richness for, major taxonomic units per
|

stage of decay along nine positions of an
: ! .
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elevational gradient.

’.}l :
J
|
]
. j , » .
i) ].l
‘ |
|
|
|
|
]
|
2 i
. ' -
L
i



........

il

/////,,,,/ Al

,25: | // A
% 'Ih{{/{/////lh.’

//m:'f(ii ..... / ;5

/I / N /| IHAN

>
,Il/',h/ . .
’I;,!:I, ” .)

R ///[ '




L

-208-

they show a pattern‘similar q' tHe one presented by the hexbs

.and increase. in numnbexrs w1th the progress of the decay. The

changes 1in species rlchness mentioned above are in general ‘
controlled by mlcrocllmatlc factors (see page 17f). Favora-

bleness (Monk 1967) for cryptogamic, vegetation on logs in

subalplne forests is especially high in this cool humid en—

v1ronment. Relatively slow decay rates (Hennlngson, 1968)

-,

and, therefore, comparatlvelv high: substrate stablllty seem
to, create conditions especially favorable for hepatlcs.
Perturbatione of the forest system have been described and

. [ |
geem to occur in.the eastern areas of the continent over

larger, areas (Fawson, 847; Stearns, 1949; Lyford and Hacnean,

1965) synchr nizing,the 1ife-spans of individual treesﬂl Un-
e —\..—', ) ' )
der the cover of those even-aged forests, vegetational chanﬁes

of cryptogams on logs represent a forest s tructure—-dependent

. plant succession.

A

KN
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, | CHAPTER IV
GENERAL DISCUSSION AND CONCLUSIONS -

: : » .

Tﬁe log substrate‘is not only a favoof;bie habitat for
bryophytes and lichens but also, in a more advanced stage
of decay, & sultable habitat fo& tree’ and herb seedlings.
Tree seedllngs are found on. logs in all segments of the
moisture gradlent. Sometlmes there was -dreater variety of

seedling sizes found on logs than on soil (e.g. posmtlon 7,
' Fig. 36). - It seems that the survxval rate of tree seedlings
growing on logs can be greatef than the rate occurring on
soil.: Therefore,ilogs in an advanced stage ofrdecay ¢an
 become an important substrate in the processes related to
forest regeneration. 5 .( . -

Prom the rﬁgults presented in connection with the per—
mancnt sampling plot at Petawvava, it is evident that a -
timeﬂdependent directional vegetatlonal change occurs on
-logs. This general trend isfcommon also to ell plots at
the other three sites investigafed. Because a detailedpo
lnterpretatlon of the causes of vegetatlon.differences on

\
logs rests partly on assumptlons, it is wise Lo7make allow—
. I, ' *

ance for some inherent’ sources of error. (\/” \
To be able to 1nterpret species composition on logs :

at dlfferent stages of decay as degrees in SuCCeSSlOn, one

must assume that the rate of decomp051tlon of wood tisdues
is similar for most types of logs. Judging from mycological-

data (Wagenexr et al., 1954) it seems that this assumptlon '

i ]

. \\\* A
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is not always justified. Bark, sapwood andheartwoodcannot
be‘ekpectec to have similar decomposition rates under field
conditions. In the Heney lake study, evidence was prb—.
vided: show1ng that bark at least has a dlfferent decay
rate from_that of the inner wood . | : over part of

.the transect inVestigated.‘ Another possibi}ity is that
*logs in similar stages of decay may not have been decomf
posing for similar time spans. This seems to be especially
true for logs of dlfferent diametericlasses and different
tree species in the later decay stages and must be consi-
dered when COmpering logs from different sites. Logs in
moist ané*mesic stands are'still considered to break down
faster’ than those Wthh are more or less 1nundated'or
exposed to full sunlight. However, this rate may not be
dlrectly reflected in the substrate dynamics of the outer .
wood cyllnder since most decay processes do not necessarlly
start and progress in this part of the log At least for

- one plot, of an even—aged coniferous forest (Petawawa) ,
data indicate that succeeding decay stages are reached in

fairly similar time intervals.

In the case of an uneven—aged mixed forest, however,
the situation is more complex. One has to be aware of .
the SUSCeptlblllty of certaln age classes of trees to
mortality (Leak, 1970) and must also keep in mind the ef-

fects of wind in uprooting trees, both 1living and-dead. In
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+

cven-aged phases of a forest, trunks seem to fall to the

forest floor over longer periods o% tlme at a®more rcgular‘

rate rather than by sudden and 1rregular catastrophic RS
lepieodes due to wind-and other factors. Thc uneven dls?
”trlbutlon of logs of a certain'decay stage_in some of the
nquadrats may have been caused by a comblnatlon of catas—
-trophic‘episodes as well as by general den51ty ~-dependent
mortality-due to spatial cOmpetition{ Judging from'the

surficial topography (Denny and Goodlett, 1956) catastro-

phic episodes caused by winds were lmportant for all areas

where transects were'studied. A number of standlng dead

‘birches with'Pipiopanué bééuﬂiﬂuéeand Fomes ﬁomenianrué,
othemlocks with Ganodeama tsugae and of maples with‘Ganoj

deama applanatum indicate that'mortality of trees is also _,F:\
a factor to be con51dered | _

T+ is assumed that the dlstrlbutlon of diaspore
“Sourcesdalohg the gradient is not strlctly comparable
since the soetlal distribution of logs and of observed o
niches {e.g. rocks, tree-bases, old MmossS— covered logs,
etc.) are not the eaﬁe oVer most parts of the transects.v
In a quadrat the availability of . propagules'does'not seem
'to be unlformly dlstrlbuted. Recently fallen trunks close
to moss and lichen covered rocks or groups of old logs

have a high probability of being reached by short distance

dispersal of moss and 1ichen diaspores. Subsequent esta—

=
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blisoment and growth of these plaots may still be"controlled
by certain factors, e.g. the log-plant interphase. There-
fore, an e1ement of unccrtalnty 1s Jntroduced by the spatlal.
-dlstrlbutlon of logs and the processes relﬂLeu to diaspore
avallablllty and establishment of plants. Vegetation in
the wet and m01st "sites with rich eplgaelc bryophyte com-
munities and conelderable microrclief variation affects
diaspore evailability in particular. 1In dry habitats niches
rich in prapagulee from>which short distance dispersal and
subsequenf colonization of logs can'opefﬁte are scorce or
unevenly dlatrlbuted"rh some quadrats.

ALl the above nentloned pOSSlbllltles point to the
fact Lhat chance factors—play an. lﬁportant role in crgpto—
gam communities. The kind of proceeses outlined in the
Petawawafétudy, for exomple, suggests that a deccaying log
system has associated processes whlch arc, to a high de-
gree, stochastic (Bartlett, 1966; Slack, 1)71, Orloci,

1972) . " The “whitefnoise“ problem (pielou, 1972) makes b

interpretation aﬂd prediction from the results presented

difficult to assees and limits oomparability bet@een samples.:
In the discussion of stochastic relationships one has

to consider the animal component of thlS decaying 1log system

as well ae_the presence of decompOSErs- Although the bracket

fuogi, a group of prime importance for wood decomposition,

Gere partly investigated, the‘interactions within the hetero-
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trovhic part of the decaying log -system renaln largely un-—
1nv05t1gated (Etheridge, 1969,,ELher1dge et al., 1967;.Shigo,
1965). Thercfore, concluqlons drawn from the autot:ophic
part only should be treated cauticusly.

.The general dlstrlbutlon of crpyptogams oOn logs is clearly
1n£luenced by latltude and elevatlon Lichen and mosses Of
boreal dlstrlbutlon (Ahtl, 1969) are frequent on Mont Albert

ehereas on Mont Saint—Hllalre and to a lesser’ degree in the
Heney Lake area, lichens w1th an afélnlty for the’ Great Lakcs
floristic elcments(Hale, 1967) are found. Sipce there are
blogeograpnlc dlfferencee one has to Lee% in mind that com-
parlsons based only on spﬁples richness are & somﬁwhat in-

complete Statement of "dlvcrclty . 'The species richness of

the first decay stage (mainly epiphytic stage) of the Mont

J.J

Salnt—Hllalre plots is rather small and reaches more than 10
species in one plot whereas in the chev Lake area the spe-
" cies richness is several times above that velue. It is the

opinion of the author that this difference is Qgtipaueed by

J.

chance factofs rcsultlng from dlfferent forest sﬁ*ﬁcturee.
"I.
- It seems more probable that pollutlon effects had‘an impact
on Mont Saint-Hilaire epiphytes (LeBlanc and De, Slogver, 1972)
resulting in their stunted grpwth or in the disaﬁpearance of
certain species. ‘
Distribution.of crybtogams on logs i8S influenced by the

structure of. forests as ShOWn by the results from boreal

forests at Mont Albert. In the leEd forest reg1on of Heney
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Lake the 1mpact of forest struckture on decaylng lOgs, ‘as well
as on plant assemblages on those logs, seem to.be more com-

Y
plex. Even-aged phases seem te be muéh smaller than ln\the

Mont Albert area and thus prov1de the 1nvest1gator with a
larger varlety of logs having hlgh values in spec1es richness.
In all plots logs:prov1de for some time a spec1al niche

oflan exposed surfece Xpltter is usually not deposited in
those habitats. On thls\elevated microhabitat, opportunistic
bryptogaﬁs (Slack, 1971) t%nd suitable space to grew, whereas
lcormophytes are excluded, -slnce‘their roots cannot yet pene-
trate wood substrate Therefore, ecologlcal diversity and
Aspec1es richness of cryptogams lncrease until the, condltlons
of these microhabitats change. These changes are caLsed by
the decomp051tlon and breakdown of the log as well as’ by de-.
position of litter,'accumulated in part'by the cryptogams
themselves. Litter deposition seems te be for most mosses
and-lichehs an ﬁnfavouﬁable change in niche conditions. It
is evident that there are more mosses in thiygonlferous and

i mixed forests that can adapt to litter fall than 1s the case
in the decidous forests where mosses have to survive under
the cover of leaf-litter. These differences in adaptability
tq.litter fall havelnevet been investigated to the knowledgeh
of the author.

For discussions of ecological diversity one must remem-—

" ber that the index used has an evenness or equitability com-

. ] . . . )
ponent (Hill, 1973). 'This means that the dominance relatjions

. » within an assemblage of plants can be shown. However, there

W

———"
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has been ample controversy about the heuristic value of a

formula derlved from information theory (see p. 53) applied

C

to complex ecological data. When one considers this measure
of diversity in the sense of pielou (1969), that is the

greater the diverSLty of a plant assemblade the greater the

uncertainty of the ldentlty of any 1ndlv1dual plant samplod

at random, the‘abovevmentloned formula and its implied ana- - -.
logy may have ltS merits. x |
The result of the Petawawa study which shows that peak
ecological diversity ooes not coincide w1th the highest stage
of decay iSWEspecially notewortpy. pec1es richness in the
other study arcas often shows samllar tendencies. ‘The results
Havo the‘same trend as those/recorded by Loucks (1970} and
Auclair et al. (1971) establishlng that ecologlcal dlverSLty
can decreasertowards the end of a succeSSLOnal sequence. It

!

must be p01nted out that the similar téndencies in ecological

diversity mentioned above are caused by dlfferent processes: ﬁ\

on one hand litter—fall and breakdown of decayed wood makes
the habitat graoually unfavorable for cryptogams, while, on

the other hand, the closing of the .canopy of the strong cllmax

-trees suppresses all potentlal lnvaders as well as the subor-

dinate species Wthh could persist. in the more Open seral |
forests but not in the late succe551onal forests.

The- author favors equating "dlverSLty with species, richj
ness (e.g. Whittaker, 1972) and treatlng equitability or
evenness separate from the general dlver51ty c0ncept. The

easy caloulation of this value was found practical in simpli~-

"
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fying 1arge spec1es-mlcroquadrat matrices. However,; this
.Calculatlon somewhat obscures dominance relatronshlps. An
.attempt was made to resolve thls dllemma by calculating
_spec1es richness per growth-form (Heney Lake and Mont Albert),
by calculatlng the sum of average cover per growth-form

(Mont Salnt Hllalre), or by calculating the sum of aVeraée
cover per Raunkiaerlan 1ife-form (Petawawa) . - This simpliri—
cation'of dominance relAtionships can still be considered

ae an expressiOnlof-"dominance‘concentration"‘(Whittaker,
|1965) . | | |

The study of the Petawawa permanent sampllng plot can

be considered in its ba51e approach as being an indirect
gradient.anaiysis (ﬁhittaker; 1967) . Microqnadrat data were
arranged in specres -relevé groups. These overlapping, non
‘exclusive groups could then be related to the tlme factor

and the floristic gradlent, therefore,.represents a succe5510nal

A&
sequence. R

In all other study areas the basic approach can be con-
sidered as being a direct gradient analysis. The resources

{e.g. factors, microclimatic space—related‘factors) for which

crybtogams conmpete have already been eutlined,

Species richness within a plot for certain stages of @

decay was"calcuiated and can be regarded as a‘neasnre of
alpha—diversity'in the sense of-Whittaker (1970). The change
in species‘richness within guadrats’ was discussed in detail
for Mont Sa1nt~H11a1re and some factors 1mportant for thlS

change have been discussed .on page 171. When one compares
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positions 1 and-zqu the Heney Lake transect with the cor-
fesponding positions'qf the Monf Saint-Hilaire tfansect, it
is evideht that ;peciés turnover on logs in comparable~st§—
ges of decay is.quite similar. ,Eﬁere are, however, small -
differeﬁpeé in the Heney iake area. Microhabitat‘aifferentia4"
tion (see Fig. 35, p..168) resulting from the dgposition of
logs at diﬁfereqt Heights aSoVé\the water level, mayﬁéccount
for this. The driep;parté of the graéient.are similar for
both.:eéions‘in respéct to their alpha-diversities in indi-
vidual quadrats. Only positions 8 and 9 from the Mont Saint-
Hilaire transect diffgr from/corfesponding positions ;ﬁ
quad;éts 7 and 8 from the Heney Lake transect. Lichens,
especially crustose, ;quaﬁulbse and fruticose growth—forms;

-

attain more importance in the conifer-dominated hilltops at

Heney Lake. oo . <fd
For changes in species compositioh aloﬁg the three coe-
noclines'studied, Whitﬁaker (1970) suggests the.term beta-
diversity. The chaﬁge in species richness froﬁ lakeshore to
the dry hill top is evident for Mon£ Saint—Hilai;e and HeneyA'
Lake. Both transeéts are rich in épecies in the wet-mesic
and mesic‘forests but pﬁorer on the open lakegﬁore and.in
fhe xeric parts of the trahsects. Their beta-diversity ié
‘therefor® similar. The similafity is-also evidént when their
» total fio istic inventory is consideredﬂ. Different from
tﬁese two fregions with respect to beta—éi%ersity is the Mont

Afbert area. The species richness is low at the top of the

mountain as well as in some forests at lower elevations (rig. 38,
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plots 7 and-9) The oomparativetﬁ high species richness in
plots 6 and g (Fig. 38) is caused by the structure of these
forests and the associated nlche dlfferences outlined on
page 195.

For the reglonal dlfferenCes whlch are expressed in
these three coenoclines,Whittaker (1970) uses the term gamma-
diversity. Although the information presented in these three .
transects is too scare and. too restricted for such large
reglons for comparlson of gamma- diversities afinal conclusion .
has to be p01nted out. Most specres present 1n the nesic |
_parts of the decmdous forests (see Table 22 and Table 24, p. 155;
p. 181) are not found in the alplne tundra—boreal forest coe-
nocline and vice-versa. Certain»plants of the boreal forest
may appear in the northern hardwood forests in places domina-
ted by conifers and where suffrcment supply in certain re— 5
source iactors (substrate moxsture, humidity, etc.) is present.

The author is aware that more relevant 1nformat10n could
have been extracted in the field from the rotten log habltat.,
Espe01a£iy the sides of the log, the rotten stumps Por the
inclined_trunks of dead trees could have prov1ded additional
information. However, in an ‘analysis llke the one presented
here one cannot be egpected to extract all lnformatlon present
in a particular habltat. The addltlonal 1nformat10n would
generate amplcture which would be far too complex for 1nter—'

pretatlon and for dlscu551on w1th1n the present context of

cryptogam ecology of plants on horlzontally decaying logs. o

The factors which control succession on decaylng logs ’ i

2
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are- Stlll poorly understood and some aspects of the decaylng

o
Lo

'log system will be . dealt w1th in future atgdles. At thlS,m
time it cannot be the intention of the author to propose B
.geﬁeral model of the decaylng log system. Resampllng of the
same logs after a few years w1ll orov1da useful data for this

as- well ‘as details of a rarely 1nvest1gated part of the car-

bon-cycle of forest ecosystems (Olson, 1970).

[=~al
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