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’ maple forests provide suitable habitats lo(Lmny bryophy(.e spcues characteristic

\'l':. 5 7 B
Abgt?"é.ct» /5’j = (\ o

In the Caspé Peainsula of Québec, forests dominated by sugar maple, Acej’ -

saccharum Marsh., ocour as discrete patches within the-predominant coniferous

+ forest, and form'a, nor!hern limit of \he Norlh American Deciduous Fornst an\c

Extensne hcld studies at six‘of tiese stands revculed\n bryoplryl,mycgclshon
éimilar £0 fhat of more cantinuous sugar maple forestY located in southériiny
Québec.

1 The bryophyte flora of the study sites includés 96 moss and 18 liverwort +
cpccic‘ Four North American distribation groups were defined, based on the

ovurlappm;hmns‘or the Boreal Forest Biome and thc Deciduous Forest Biome. ‘.

Azonal spec:&s‘MTespread in both biomes) make up 32% of the flora. and, grow_é»

majnly on tnineral substrates. Boteal species c ise 34% of the flora, and a 'xlmut‘
half of these grow on rotting wood and humus. Tem rate species (25“3 of the pe
:l'lom) include a large proportion of cpiphytcs and mdny species that are ondnmlc o
to easi:em North America. Ecotonal (pecm, with- just 9% of l,hc flora. Tepresent »
heterogeneous | group of bryophytes, restricted in eastern Nonh Americ#®to the
overlnp 20he of the two biomes. Abundance, frequency betwaen sites, and remmy

da not differ slgmhcamly between (he dlsmbuhon groups.

Even at the northern limit of the Demduous Forest Biame, Gaspc sugar

of the Bjome; a few of these species reach lhelr northern limit in the Gaspé.

"\However, the bryophyw flora includes an even Inrger numbcr of spcclcs Sof borcnl

affinity, or indifferent to the biomes.
D
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En’Gaspesxe les foréts dommées par l'erable 4 sucre (Acer aacchnmm
Mnrsh ) Dccupsnz une sehe de petites aires ’lsolees au sein de la forét comfcnenne
qul couvre la plus grande por! du territoire. Ces érabli¢res constituent une
limite septentrionale dela Forét décidue nord-améncame L‘élude detnlllée de
six de ces sites a permis de constater que la végéti}hon bryophyuque yketmt .
semblable & celle d'érablieres situées plus au sud au Québec. :

5 i - -

La flore des sites étudiés cﬂp‘tend 96 especes de mousses et 18 espéces

-H'hépntiques Par rapport & leur répartition noFd-ame‘ficaine, nous avons

séparé les espéces en qnat\e groupes fondés sur I'aire chevauchante des deux: ~

e
biomes concernés, soit la Forét boréale et ‘fa Forét décidue: W

" (réparties sur les deux biomes) constituent 32% de la flore-et- crolssenhrma;enre—

partie sur des substrats minéraux: Les espéces boréales comptent po‘ur 34 % dela
flore et la moitié d'efitre elles croissent sur les bois pourrissants et I'humus. Les
espéces tempérées (25% de la I'lore)/comprennent une forte proportion
'épiphytes, et plusieurs espénes endémiques de lAménque du Nord orientale.
Finalement, leiupeces écotonales (9% de'la ﬂol-e] forment un groupe-

d'affinité mixte; limité en "Amérique-du Nord orientale & I'aire de chevauchement
des deux biomes. L'abondance, la fréquence i)arm\'_ les sites et la fertilité ﬁe
différent pas de maniére significative entre les groupes ,de répartition.

“Malgré leur posmnn hmltrophe par rapport a la Fo)et decldue les
blitres gasp p des habitats & bon nbmbiwbryophytes
. caractéristiques de ce bmme, dont quelq_ues-unerstmg?t en Gaspésie lalimite

5 septenmunnl_a de leur aire. Cependant, une portion encgfe plus grande de la flore

bryophytique est d'affinité boréale ou indifférente.
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o n-,r’
\ \441 .1. Objectlveu‘

Forests dbmlnnted by sugar mnple (Aczr sacnlmmm Mmsh ) chnuctenzc
. .the nonhern ‘half-of t):e eastern North Am/‘g an Decidupus Forest Bmme Along
e o the northern mnrgm of the bigme, sugar ‘maple forests are limited“in arcn,
\formmg small\dlscrele patches sunoun@ by boreal forest. The northeznmost gf
these outliers ate located in the Gaspc Pem}:_sulu of Qucbec Evén at these sites

& L suger maple forests harbour a great number of vascular plants chm‘actemtm of
the Declduous Forest Blome al'c/g! whith reach’The northern hmn ol' their

distributjon in the Gaspé —
. F

‘-

chggan (10::0) has produced & vascular flora of the Gaspé Penmsula, the
“br; ophyte !Iorn of the area remams lmper[ec(ly known, at least as*far as _‘
published rqcords indicate. J. l\ucymak was. preparmg & ass}lora of the
Gaspé at the fime of his dedth’(Crum 1964-55), but the mm\'uacnpt has romaifedl
s unpubl\shed Lepage s catalogue of the bryophytes oFQuébec (Lepage 1044 4a,
T 1045 48 1960) includes many citations of Gnspé cpllections. Many ecologlca] nnd_(
" ic studies contain ineilental additions to this hst/kccordmg to Belland

(1684), the known bryoﬂorn of the pemnsula lncludeg 329 moss nnd— 105 liverttort

& * species. - . % . X o
. ER] B
Only three works mention the type of vegetation in wh'lc.h the bryophytes
were found. Comeau (1968) dlscu!!ed the bry ophytes of many plant nssocmuons‘.
on Bonaventure Island, but there is no sugar maple on the ‘island. ln a stud) o;
boreal forest bryuphytes across North Anerica, La Roi and Strmgur (1076) list

o 4




the bryophyhs of an Ab-u balaaman sland in centnl .Gupe Fmally, Majcen
(1981) mentions a few bryophym in Ins study of the forests of Forillon Nwonll
3 Park, including 29 moss and 3 lwerwo(‘ species from sugar maple stands; lhcse

are ghe only pubhsbed bryophyte recﬂrds for the Gaspé | Pemn:ula sugar maple * 3

rursts >

T’he purpose of this study uw describe the bryobhylé vegetation and flora
of the Gaspé Peninsula sugar maple forests. The vegetation will be compared
- with that of sugar maple forests located in more southern localities, and with that
’ ‘of conirex‘ous"féresu Ibc\gte'd in the Gaspé Peninsula and elsewhere i"innlly, a
phgﬁogengraphml analysis of the bryoﬂom will be mnde, wuh particular.
A n.-!erence to the norlhern hmlz of the Deciduous Forest ‘Biome. s

1.2. The area of study

The Gaspé Peninsula (or Gaspé, for short) is locgted ‘nl the southeastern
corner of‘the province of Québec (Fig. 1-1). It is bordered to the north and east
__‘.by thes@ulf 6f St. Lawrence, and to.ihe south by Chaleur Bay and New »
Brunswick. The western limit gl‘ the Pepinsnln is arbitrary, but the almost

- Gquivalént Gaspésie region i usually taken to include Matane, Matapédis,
Banaventure and Gaspé counties. It lies almost entirely between 84° and 68° of-
longitude West, and between 48° and 4951.‘)_' of iﬂxde North, The region has an

area of approximately 30,000 km%

The physi of the pénirisula is ch
wn.h altitudes i mcreaxlng rapidly from the St. Lawrence; and graduslly from
, Chaleur Bay. The hhxg!?u‘tb plateau level is repregented by the Shlckshuck«d
’ Mountninﬁ which ruh e.ut-vilest and attain altitudes of more than 1 000 metres.

d by a series of phte:ms

"l‘he plntemls are intersected in vnnous ways by numerous vnll:ys, these are the
" only slzenble areas of low altitude in the northern pAn of the Pemnsula since
cliffs are 300 to-500 metres high along most of the nonhern shore. Along Chn.lelui
Bay, a coastal phm (or’ fifst plateau level of less than 100,mntru) is almost
! llwny: pment' < g . 2 $

e
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Figure 1-1:  Location of the Gaspé Peninsula (stippled). -
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Sugar mt;ple forests cover only a small fraction of this area,.a narrow

discontinuous band along the pefphiery of the Peninsula (Figure 1-2). Since the.
.interior of the Peninsula has strong ;mbgical, tlin;nlic. and vegetational
differences with the peripheral regions, the following sections will deal primarily
with the latter area, to which sugar ma‘ple forests are restricted.
1.3. Geology. g PEE . -
T L-The geology of thi Gaspé Peninsula has been reviewed by Méceréigle
(isso) and Béland (1982) A geological map has:been pubhshed by McGemg!e &
. bkndmbre (1967). . 3 ' %

Thc whole awn is pnrl of the Appalnchmn orogeme syslem which | atends

rrum “Alabama to I\'oanundInnd The Peninsula strnddles two of three of tlle
.stmctural zones deﬁned by Wlllmms (1979): the H\lmher z0ne to the Torth, the
Dunnage zone to the south, and possibly the Ganider zone in lhe southeuttrn

* corner. of the area [Belm\d lﬂ82) : g

» . 2 Most of the bedrock in the Gaspé is of sedimentary origin, fnlded and
. faulted -along axes oriented in NE:SW direction. The Peninsula can be divided
into-seven geological regions, of which three ovexlap the general dlsmbuzwn of

sugar maple forests (Flg 1-3). Region I is made of Cambmn md Ordovman -
sedimentary rocks of the Québec Group, mostly shles with som sandstone and
qumme Region H, includes most of the rest of the Penlnsull and is made of
i various "younger sednmentory rocks (Silurian and Devonnn) llmestonm( .
. ' conglomerates, snndxlonu,—nnd sllhlones voleanic rocks are l!sa present 1oc:|ly,
) = ) espm:n:lly m lhe southern: pnrt of the reglon, Reglon IIT consists of Cnrbonll'broul
‘ lorerates and sandstones of the B formation; these are the
g, A ynungw rccks—ﬁi The Pemnsuln, and li¢ with little or no dip-over the trun¢ated

b 5 ¥ cdges of earlier l‘ormmons Reglons IV, V and VI ate rutncted to areas where
sngnr mnplb. loruls are not known to oceur.

. M - E -
. T'he Qulurnury g;olugy of the Gupé has been reviewed by David (1082).
B e g g " . . - .




: 8 anur! 1-2,, D:sl,nbnhon of sugar maple I‘orests in the Gaspé Peninsula,
L . - based on Grandtner (1950\)), Mn]ccn (1081), nnd personnl
% observatlans
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Figure 1-3:

Mnjbr geélogicnl regions of the Gaspé Penins‘uln'{ndlpte:j frofn
‘ambrian and Ordovician sediments,

* Williams 1978). 3
ilurian snd Devuman sediments (llmestonm,

mostly shales II:

an

k

te.); I: G
v: \Cambmn volcanics and clastic sediments (Maquereau g'roup), "
V: Mt. Albert oph:ohth (Ordovncmn). vI: McGemgle bnthollth

(Devonian).
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P ' Glacial deposits are locally very thick, but largesparts of. the Pedinsula are
virtually devojd of traces from the last glacial advance, except for the sporadic
~ occurfence of large erratic boulders. These areas Imv‘e probably been vpr Sepve
. /P Wlaoinl erosion by the'locall‘y [rozeﬁ base of the icecap. Recent botanical
evidence (Belland 1984) suggests that some areas might have been spared by the
last Wisconsinan’ mnxirgmm, but most of the Peninsula has ccrtninl); been
glaciatéd:» Deéaciatioq began. at some time between 14,000 and 13,500 years
o BP., and the icecap di ,‘, d etely from the hightands at some date.
i after 10600 BP. . " & v &

i ) « §
The cllrouology and extent of the postglncml marine |nvn.s|on hns been
.. revieed by Dionné (1977), and Lebuls & Davigl(1977). Marine tranigression..
began as soon as the coastnl are became lce~hee nnd progressed rapidly. - Along — .
the St. Lawrencé shore, it reached 2 maximum ol 68 to 112 metres above the
Vpresent sea-level nbout 11, 000 years ago. For the Cha]eur Bay area, data are
scarce but suggest a maxlmum ‘of 30 to 76 metres nhve the present sea Ievel
. = = & -
14 Climate
Climate normals are ava:lnb]e for many stations in the nrea of study und N
adjacent New Brunswick (Anonymous 1982a, l\?82h) The st tlons I selected for
this account ‘are all lccated in the general nrea where sugnr aple forests occur.
They are the smhons/nenrest each of iy study sites (see Flg 3-1, p. 26). 1 nlso
” used data from Montréal (Québec) and St. John's (Newl‘oun land), for

companson Chmntologxcal maps have been pubhshed in a regional atlas
(Anonymous 1966), and also in Wilson (1071).

- 3 " The sea-has some.effect on temperatures, but the climate is-basi¢ally:
. continental, with both summer and winter temperatures ‘slightly'lbwer than those
in Montréal (Table 1-1)., Summers are warm, .and 4 m tbs of the year: have

means sbove 10°C. Winters are cold and-4 or 5 mont}is have. means below 0°C:"

The nnnunl number of growmg degree days (above 59C) ranges from 1,156 in Val-

d'Espoir to 1,581 in Cainpbeliton (Anonymous 1982¢).




/
/
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/Table 1-1: Temperature normals for selected Gaspé localities, and for
Mbntréal and St. John's.

July mean January mean Annual mean
T temperature = .temperature . ‘température’

(degrees C) . (degrees C) (deg -C)

" 0‘ % . ‘v : : . .
Campbeliton, N.B. .19.0 -11.4 4.1
New Richmond . 17.7 . e
Port-Daniel 17.3 C-10.1 3.6
Val-d’Eépoir - 15.9 -11.3 24
Grinde-Vallée  17.4 D06 a4
Vont-Louis 17.4 oy -10.0 a.7
AVERAGE T “10.7 . G -
Montréal . 21.4 -9.7 - ‘ 8.6 !
St. John's, Kfld. 15.5 TR a:a"; .

Data from Anonynaul‘ (1982a, 1962b) .
A




Reporting on the influence of the sea on local temperatures in the Gaspé,
Hufty (1068) sut_c:i.tha't in the region, summgr temperatures increase rapidly
from the sea-towards the interior for a-few kilometres, thus reversing the effect of
¢ altitude. Further inland, this influence of the s:l:'diminisly.'s rapidly, and the

normal altitude gradient is resumed.
v

Dt b b

F itation is ) the year. Am:ounia vary from station

to station, but the average annual précipitation for my study sites is similar to

that in Montréal (Table 1-2). The nrga. réceives about the same amount of snow =
mber to Apnl j
According to the map in Wilson (1971), potential evapotranspwa ion ranges from

as St. John's, bnt’ the ground u'sually remains covered from Dec

. 475 mm to 525 mm. Fog is i requznt on the shore, but the area receweg ‘almost ds.
much bright sunshine uMontréaI (A.nnnymous 1982d).

According to the available climate normals, all of peripheral Gaspé falls inte .

the Dib zone of the Képpen system of climate classification, as outlined in "4

Strahler' (175). This is not surprising, since the zone corresponds to the-northern'——~
part of the deciduous forest in North America. The North American map in *
Ackermann (1941) puts the greater part of the Peninsula in zone Dfe, which
corresponds to the boreal forest, but local ¢limatological data show that only the
- interior of the Peninsula should bé. put in this zone. Scoggan (‘lﬂso)lcom_puled for
the Gaspé the climatic indexes used in the Thorntwaite system and reached = .-
Tusi all of peripheral Gaspé falls within Thorntwaite's *humid

mmrothermal climatic. province®, which similarly corresponds to the northern

segment of the Nonh American deciduous forest.

1.5. The Gaspé Penlnsuln lugnr maple foruu

The vegetation of the Gaspé Peninsula has been mlpped in great detail by K
Grandtner (1966b); and summarized by Grandtner (1072)." Scoggan (1950)
described the vascular flora of the Gaspé Peninsulg, but sugar maple forests are
mentioned only incidennlly The occurrelice and composition of the Gaspé sugar
=t mnple forests have been discussed by Dansereau (1944a), and in more. detail, but -
for Forillon Pnk only by Mljcen (1981).

0
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_ + Table 1-2: Precipitation normnls for selected Gaspe localitiés; and I'or E
* 'Montr al and St, John's.
- Total annual Total aznual Total ammual - . -
v E hiC rainfall snowfal precipitation : ——
) ; : ) . - (mm} o (em), (mm) ®
Camphellton, N:B. 664" 387 1050
New Richnond 738 262 1002
Port-Dantel 860 s’ 1229 P
Val-d’Espoir 917 400 \» - 1319
. i Grande-Vallée 593 33 - 987
" Mont-Louis 518 g0 843
AVERAGE 716 R 1072
\ .~ Montréal " aos 268 iory | "
M F e, Jdmts, el 167 ©oae9. . 154

3
' Data from Andnymous (1982a, 1982b).
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’
Most of the Penmsuh is, occnpled by comterous I’orests typically dommnled/

by Abies bulsamen Kﬁ Sugar maple forests nl'e restricted to the warmer
- areas of fhe Penmsuln, with an altitudinal hn-ur. of about 300 metres. They are
"thus entirely absent from th&céntrak patt of the Peninsula (Fig. I-, p. 5). They
i . are also lacking completely in :areas immediately ndjacent to the coast, probablyy
because of the depressing el'l'ect of the sea on locnl summer tem eratures (see p.
Ce) . g T e,
. ) : 1 ’ '
. " [ X . =
Within ¢ cllmahéally wfavourable areds, sugar map]e fon-sts are furu\cr
restricted to sites with modemte or guod drmnagc and slopes of less than 40-/a

Moreover, much of the land tha‘l ur:gmally supported sugar maple forests has

been cleared for sgnculture, and is now covered with meadows, pastutes, nnd

vanous successional communitics.

Because of these climatic, edaphlc and anthropogenic influences, sugar PR
maple forests occupy a somewhat conunuous area nnly in the southwestern corner
of the region. Elsewhere, they occur as a series of small discrete stands, umbcddod
_‘:\.: in the surroundmg coniferous forest,.or adjacent to areas cleared for agnculturc
' The stands are mostly located on hilltops in the southern porhcn of the
Gaspé (Fig. 1-4), while in the north, they are found onIy in vnllcys (Fig. 1- 5)

Accordmg to Danscreau (19443) and"Majcen (1081), the, l’h}csts are clearly

/| - dominated by Acer saccharum, but 9lher tree species are present, cspeqnlly
- Bf_luln lutéa Michx. f;,_ﬂ]d Abies balsamea. Fagus grandi folia Ebrh,a
characteristic tree of sugar maple forests in southern Québec, is present only in
.; + . the southwestern part of the Peninsula. The shrubby layer is very variable in i

,extent, but is usually do'minnled by Acer spicatum Lam,, Corylus co’muta
Marsh., and the Accr aacchamm regeneration; Tazus canadensia Marsh. Is
locally abundant. The miost common herbssgre boreal species such as m
pudicaulis L., Clintonia borealis (Ait.) Raf: and Dryopleris austriaca (‘lucq. 1
= Woynar, but many species of more southern affinity re also present. In fact,
many characteristic sugar maple forest species re chlere the northesn limit of




Figure 1-4:

Sugar maple stand, near St-Jules-de-Cascapédia (site SIC).



Figure 1-5:

Sugar maple stand, near Mont-St-Pierre (site MSP).



their distribition, as mapped by R (1974): Acer penaylvanicur L., Acer

saccharum Marsh., Dentaria diphyila Michx., Dicentra cucullaria (L.) Bernhi., -

Lonicera canadensis Bartr., and Viola erio:arpa Schwein. All of these species

show good vigour, both in gréwth and reproduction. Sugar maple xtsel! attains a
good helght and is present in every layer, which gives the commumty a strong
stability. I Forillon Park at least, sugar maple forests consmute the terminal

nssocnhon of mnny sutcessxonn].sejnes' JIn Grand&Vallée very fear-the northern 2 : 0
* limit of Acer aauharum, areas cleared of all trees are known to have pecn
recolomzed by sugabmple (E. Minville, pers. comm. 1982)

According to Msjcc'n (1981), the most ‘common soil type in Forilion Park
suga’r mnple stands is the Feno—l[umic Podzol, but various ypes of B‘ﬂisols are
:nlsn prcscnt These sm] l\ pes are widespread in- penphnml Gaspc (Anonymous , o

mus)

These nomposmon snd soil chnractensu‘g‘s fit well the concept of the

Betulo-Aceretum. iation!, which Grand (1966a) reports for many sites
across southern Québec, from nort\\western New'Brunswick to Algonquin l’t\k
LY . Ontario. The sugar maple stands in Forillon Pmk Kave been formally ascribed to
’ this association by Mzucen (IDSI) The assocnauon is-also present in, Lhr,Luc» )
Saimﬁlcnn region (Gémrdm lhlm)

Dansereau (19443, 1944b) has suggested that the Gaspé maple forests are. _
_remnants from an earlier and more wndespreamest which would ka\e invaded
the'Peninsula d\mng a warm, postglacial pefiod and become restricted under the
pressuru of subsequent coglmg of the climate. This hypothesis mlght stidl be
- . apphcable to all or part.of the forests located around, Chaleur Bay, but not in tht

'~ northern part of the Peninsula. Recent pnlynologlcnl evidenge (thelle & Richard %
1084) s_hows that in Mont-Saint-Pierre at least, uugnr maple forests never
occupied the plateaus, and appeared in the MoanaiqﬁPime valley only about

Ve

"The ful name for this ssociation Is Betulo lutcoe-Aceretum sacchgiemiens. . . -
. N * . 5 ‘




“is that of Grandtner '(1966a, 1972), who uses the Brnun-BInﬁquetjm.’{?) appro:

" edlaphic, hydrie, xeric, or'successional nature!

A\ .

4 .oo years B.P. They were thus ‘absent in lhe area chmng the climatic optimum,

= ek oecurred belore 5,000 years B.P. The aughors suggest that the postglacial ¥

migration of Acer ang?nmm alqng,lhe north c.oulaf the Gaspé must have been
slowed down by the discontinuity Ve favourable sites, since in that area the
\alleys are sepnuled by long stretches of high coastal plateaus, lnd the I.-ng!
propagules of lhn\ree have 1felmvely h’rpll-ed dispersal ability.

. .- .

1.8. The BetultrAcerctum elim&x area 3 ” .

! Thun;)st widely used system of vegetation zc;nution, for southern Québec,

Each zone représents a elimax area (domaine climacique), or, as-defined by

) ¢

Richard (1978), an ar¢a where all mesic sites wig'zoml %oil bear the same
climatically-controlled vegetation series. 'The terminal assobiation of this series,

or climatic climax, gives its name to the climax area. Richard (1978) has shown

that most of these zones can be d with simple | data: mear

annual temperature afY total .nnull_p'recipi'utiom As a climax of mesic sites,
the Betulo-Aceretum dssociation gives its name to the Betulo-Aceretum climax

area, which is the most lhermophnlolls zone in the Gaspé. As in other parts of its

range, this climax area also includes non-cli ic and iations of an
»
+ 5 e
_To the north, or with altitude; the Befulo-Aceretum climax area is replaced
bysthe various climax nm(cr thé Boreal Forest.Biome, where the'climacic

vegetation is dominated by conifers. Ce ities domi d by decid trees

oceur as far north u‘the treelin’e (e.g. the alluvial balsam };oplar stnndi in

Comtois & Payette 1084), but these do not represent climatic climaxes. In’
southernmost Québec, thé Betulo-Aceretum climax area is'replued by more” .«
thormophllous vexatnu_oniones w:th climaxes also dommnted by lngnr mlple

(Fig. 1°6). il .

- 2 | : i

~~Since the area of study is located near the borders of New Brunswick and
Maine, it is desirable to examine the zonation of vegetation in those areas 2 well, y

e

B N




Flgure 1-8: .The cllmnx areas of southern Québec, with corresponding zones, *
.in the Maritime Provinces and New England. 1: Boreal climax- '
* areis. 2: Belulo-Acéretum climax area (m the Maritimes, Sugar
Maple - Hemlock + Pine and Stgst Maple - Yellow Birch - Fir
. ; -Zones; in the US.A., Nonhem')}lardwood Spruce Fdgest), 3: . e
i ' g T Aceretum sacchari cllmnx area’ (in the Manglmes Sugar Maple - e
L *Ash Zone; in thé U.S.A., Nerthern Hardwoods)., 4: Caryo-Ateretum 9
- climax grea (in the U.! SA »Beech - Maple Fcﬂzst) Adapted from ;

e %

i Grandtner (10668), Loucks (1962), and Kiichler (1964).. )
", ". . S w wifet
; p i ,
?: \ ® f * .




K However, the chmax aTeas are hud to follbw south f the Québed border, becmlse

different systems were used to déscnbe ‘the dlstnbuhon of vegetal on. Rowe

(1972) admm.edly did not use the cllma.x concept m his, clmmcauon of the Torests -
of Canada; in Québee, his units only very roughly correspond to the climax arens.

Braua (1950) used" the climax concept in her elmmcmon of the dcclduous' forests

& of Nonh America, but hér zones are too-broad m the north: Gaspé and Matitime*
o o suur maple forests are all wnhm the *New England Section® of her 'llcmlack -

w s \\ hite Pine - Northem Hardwoods Regnon' ' s * G . L

iits yompsmble to Gmndtnc s clnmax arcas (! zuré 1:0): Powoll (1984) po
out lhal. Louck's 'Sugar Maple < Yqllow, Birch = Fll’ Zone® julns at tite, (jn(iw
© 4T border with the Betlo:

ceretum climax area;

. ForNew Lnglnnd vegetation zones were proposed by Wesuc\d et at. {1956},

but lhey are too gcncraluzcd towards the north to allow-any compamun More
Luseful mfcrrrxauon is given in a map by. }\uchlcr (1964) that covers all of'the
.

& con!vrmmous Umled States. ll.s getati N based, on the dc

at-the Canadian border (Flg 1 6) - . .

A I'ew conbluslo‘hs can he dravin from Flg 1-6: L S TR
('l) Gaspe sugar maple forests are ‘chardeteristic a( a vugctnfmn zome that

extends across Quibec., This Betulo -Acéretum climax arca is also an cxtousmn of

Silie vegemtlon zoncs ;outh ol the\bordcr L v B8 .

(3) Comler-domi‘nated zones extend to Lhe sbubh nlong thc ccnst nnd in the
mountams &

-

s probbly

E goncra of natural Vnegctnhon and \§ry clcarly Jjoin Grandtner s and. Louck's.zones
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usually taken to be that of the highest stratum of vegetation, which has a .
v ¥

1. 7. The Declduous Forest Blome = . § T .

Accordmg to Odumtmﬂ), biomes are ‘the largmt land community units;
défined by the uniform life-form of its climatic climax vegetation. This hfe~l‘orm is
determining influence on the eéology of-the whole ecosystem. I the' case'of the . -
Dcclduous Forest Bmme und the Borenl Forest Blome the predominancé of " Tron
brond-lenved decnduou‘ Lrees or needle—leaved evergreen trees bas a dramauc

mfluence ‘on the chem ¢

nafure of Lhelntter and resultmg soil type, ahd on tho %,
scnsonnhty of the hght regime bc]ow thc canopy N 3 ot

h[e«l‘om\ is rcprcsonted by différent spumés nssemblmges, In Quebec he'

Betulo-Aceretum climax ires s the northernmost unit of the Deciduoé Forest
lhomc, wlu]c lhe Bclula pnpyn/emc -Abielelum climax ‘arca?, s to which b(‘]angﬂ
most of u;c Gnspe Pcmnsu,]:l is.the soushcrnmost unit of the Boreal Forest ,
l}nomc The limit: bctwecn these two chmax arcas may-be consldcred the lnnu

huhvucn the biomes. . R

At a contineral seale, the biomedimits are widely ing (Fig. 1.7). ..+ ..

cessional in:nature,

I castern Canady at ledst, truy mixed forésts are largely
_bnd do not dclorﬁiﬁo'cliinax areas. Thcvarea‘ol {;lomé ovcrl:ip is'a m:;snir of the, S
t\vo biomes, with pal.ches [Declduous Forest Blome pmgresswcly smallcr nnd
fmvcr as one..)mpronchcs the’ noﬁhern limit of-thé formauon In tthmtnd "al
Slntes Kuchlor 's(1064)- Northeastern Spruce - Fir Forest' has outliers.ds.far*
so\:th as West Virginia, and a similar 'Southeastem Spruce Fir Fomsl,' occurs

in the southcrn )\ppnlachxan& This cnnccpt of biome, overln

is cent;al to the .

geogrnphlcnl Annlysls that will be’ used in v.hm study 2 e




THE DEOiDUOUS FOREST BIOME

THE BOREAL FOREST BIOME

Yy, RHE'STUDY AREA

N T . w 4
% Figure 1-7: 'The overlapping ranges of the Boreal Forest Biome and the

Deciduous Forest Biome'in North America. Adapted from
Dansereau (1943), Kiichler (1754), and Angqnymous (1073).
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dls)unchvely m'enstern North Amqnca, in Europe, in eastern Asia, and in a few
sma]ler and floristically véty dftinct a nrens of the Southern” Hermsphere The three
Northern llem:spﬁlere segmenls have s‘.rong floristic similarities which poml tu
ancient connecuonS'(Kornas 1972); but whether there ever was a holaretic
Deciduous Forest Biome remaius an-open question; the exact sequence of
connections and separations is still much debated. Based on. paleobotarical

.- evidence, Hsil (1083) suggests that.there was a more or less continuous deciduous

“forest during the late Cretaceous s'pd early Paleocene, with plants migrating from *

China across Asia to Europe and eastern North America. According to McKenna

(1083), the Bering rcgiqn'\;-as a wide land bridge throu'ghoul'mostbof the Torliar;".

“but it was tao cold to'allow plant migration.until the Miocene, while a températe

Innd bridge existed between Europe’and North América at least until the Eocenc:

Davis (lﬂS‘(&)‘_suggcsts that, the severe Quaternary climalic conditions destroyed -
niost of the deciduous Torests of Europe and, o a lesser eéxtent, North- America;
present-day formiations would he tho result of incoinplete recolonization of

climatically favourable areas, from isolated refugia.

Although vegetation units and ditribution patterns ark indopendently
derived, many Cloristic clements’have been defined in terms-of their  * *
correspondence with a given biome, e.g. the circumboreal element, or the eastern
North American dcéiduous fo'r((‘st clement. Tn an essay_ on thc; relation between "
vegetational and l'lunsuc ann]yses Dansereau (1983) del’med the floristic elements
(Ins mutu jlorxsllques) as *...groups of taxa sharing 2 common history of

adaptation, compatibility, and mlgr

n*. The uniformity of biomes provide a
“perfect matrix for'the development of such elements, allowing the rei]uirements,
tolerance and compétitive abilil.y of the individual species to interact over a long

ptnod of time with each other and with av. aifgble resources. The ecological

between

apd d forests are critical in this respect.

¥ \'cgctnuon units and floristic elements must remnm aeparate concepts, but their

interrelationships are"obvious nnd Oen(mb\e At the Boreal Forest Bnome -
" Tundra. Biome hmlt of norlhom Qucbec—Labrador for Lnstnnce, there is a marked

. change in the vascnlar flora (Morisset et al..1983). Of course, as pointed out by
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Dansereau (1043 1083) many species appear to be equally mhpted to the

conditions i in more than one biomealfd have correspondingly widespread

dulnbnhons

. Fhrisiic elements cannot be discussed solely in terms of biome ecology.
They have been profoundly i d by the ical history of the blomes,
and part_.icularl)" by the disruptive effect of. Quaternary climates, which resulted®n

the disjunctive distributions of mm}; plant species. Most floristic studies of
bryophytes-have' been concemed with this aspect of their distribution (Cnlm

" 1072, Schllster 1083, und in the presenl area of study, Bellmd 1984)

The presenz sLudy wnll !ucus on the thé ecoluﬂml sspecl of dlstnbutlon 3

. pnt'.ems Since decnduous forests were ellmmnted from Qiuébec durmg the

y glaciati ;0 by this type of vegetation and its. ¢

) churncter\sm flora i isa recent event; which occurred. less than 5,000 years ago in

the nonhern part of the-! Gupe Temperate vascular plants are already an
important pnrt of the ﬂon of thse northernmost sugar maple forests. This 1ludy
will investigate the b phyte portion of this flora. Alfter an overview of the
bryophyte vegetation of the study sites, the bryophyte flora will be«inllyud in
terms of North Amer‘icm 'dis'.ribulign ﬁauerna, and local status of the species.




METHODS :

2.1. Field studies
.
The first field studies were made in the Gaspé-from May to July 1082

Sugar maple stands were easy to-disti ish from the ng

"types, even from a few kilometres away (see Figs. l‘-'i and 1-5, pp. 12 and 13)..

They could thus easily be located from Highway. 132, which encircles the
peninsula. The study sites were selected ucording to the !ollowil;g two criteria:

(1) Acer saccharum had to be clearly dommatmg the stand, present in all strata,

nnd constituting more than 50% of the tree cover; (2) u\e sites had to be
sufficiently far apart. wo give a good geographical reprmntntmn of the whole area
of study. All potential sites turned out to be at easy walking distance from a
rgad, so that the selection was in no way limited by accessibility.

At eath study site, noa were taken on the physical environment, the
vascular flora, and the vegetation. T_he bryophyte vegetation was described in
general terms, noting the most abundant species in each mi itat type. The

. bryopi:yte flora was investigated in great detail; an attempt was made to collect *

every bryophyte species present on each substrate type, using the following
classification: (1) bark of each tree species ({bcve 0.5 metre), (2) base of each tree
species; (3) rétting wood, (4) litter and humus, (5) mineral soil, and (6) rocky
outcrops and boulders; wet or unusual habitats were also given special attention.

r Trees were climbed as high as bryophytes could be found, using a rope ladder.

The following year (May 1983), the sites were revisited, to collect any

" overlooked speciés, and to complete ecological data on the sites. Overall, three to

six days were spent at each site.
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. 2.2. Analysis ¥ 4

More than' a thousand samples were collewﬁedfin this fashion. Every species
present in each sample was identirieq, whenever possible. For mosses, Crum &
Anderson (1981), and Ireland (1082) were used, as well as special treatments of a
few groups. For liverwon:s, the books By Schuster (1953, 1966-80) were used. The
Bryophyte Herbarium of Memorial University of Newfoundland (NFLD) was used

as a reference collection, and as a deposit for voucher specimens.

‘Based on‘ this data, the following characteristics were assessed for each
species: overall abundance, frequency among sites,: fenility, and main substrate.
Four abundance classes were derived from field experience, with limits based-: on

"

the number of samples containing the speciés? rare (1 or 2 collections), occnsmnal

N (3 to 8), common (10 to 19), and very common (more than 20). Freqdency was

taken as the number of study sites where a species was present (1 td 6). Fertility
was based on the presence or absence of sporophytes. Fﬁllly, main substrute was
defined as the substrate observed for more than half of the samples ofa gwen
specles

For each-species, the North American distribution was'mapped, using the
information in Crum & Anderson (1081), Ireland (1982), Schuster (1966-80), and
more than 200 taxonomic and floristic. papers; the indexes of the journals,

Lindbergl';x and The Bryologist were especially useful in this i'espect_. Special

*-attention was given to the detailed distribution of each species in eastern Canada,

using primarily Ireland & Cain (1975) for Ontario, Lepage (1044-45, 1945-46,
1960) for Quebec, Irelaﬁsl (1982) f~r the Maritime Provinces. Brassard & Weber
(1978) and Brassard & Williams (1975) for Labrador, the referencu in Brassard
(1983) for Newfoundland; this i jon was n lemented by the
collections at NFLD, o

Distribution in Eurasia was noted as presence or absence in Europe (Ural

.Mountains and west), central Eurasia (between the Urals and Lake Baikal), and

eastern Asia (Lake Baikal and east). The following references ‘were used: Abramov
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& Abramova (1983), Abramova ef al. (1961), Gao (1977, 1081), Iwatsuki &
Mizutani (1972), Koponen ef al. (1978), Koponen et al. (1983), Nyholm (1056-69),
_Schuster (ﬂﬁo-aq), Smith (1978), and*many papers concerning individual species.

The maps were used to separate the species into North American
distribution groups. Four latitudinal groups were used as a basis fot 4he
phy!.oge:)gnphicll mlly‘s&and were based on the ovérlapping lilpiu of the
Boreal Forest Biome and the Deciduous Forest Biome: (1)‘Azonal species, widel); s
distributed in both biomes; (2) Boreal species, with a wide distribution in the
Boreal Forest Biome, and a mutm'limit corresponding roughly to that of the
same bibm’e; (3) Temperate speﬁﬁ,’ wit’h a wide range in the Deciduous Fgrest
Biome, and a northern limit corresponding roﬁghly t that of the same biqme’;

.. and (4) Ecotonal species, restricted in eastern North America o the overlap area
of'the two biomes: The ipresence in other biomes was noted, but it was not used

in this classification, e

Three longitudinal groups were recognized: (1) Eastern species, with a
. western limit corresponding roughly {o that of the Deciduous Forest Biome, or
with local extensions into the central part of the continent; (2) Disjunct species,
with a similar eastern distribution, in addition to \‘disjnhct range in western
North America; and (3) Transcontinental species, which extend to the Pacific
Coast and have no i gap in their longitudinal distribution. Disj
was defined as a minimum 800 km disco‘ntinnily in the known North American

distribution. -

Using contingéncy tables and a chi-‘sqlure: method (Milton & Tsokos 1983),
1 looked for any significant nssocintion.between’_lhe distribution groups and the
lotal ch 7 ics of the species: abundance, freqy , fertility, and Tmain:

“strate. '




"THE STUDY SITES

1
Six sludy sites were selected. A]I are mature sug:‘ maple stands, nnd th% .
locations are spread over the genernl area of the Gaspé sugar maple forests. (Fig.
3-1). A

Site PQoigs05'10* N, 66°34'40° W, altitude'200-250 m, area- 8.4 haj is
located 2.8 km W of the cominunity of Pointe--la-Garde, near thie old road to
L‘Alve-rne.‘ It-occupies a.small basin perched betwee.n}hc summits 9{ two adjacent
hills. The slope is mo‘derat’e, and generally to the southeast. The éznnd.alsc
extends down a little g\lll)". through which th;.- basin is drained. The bedrock is
composed ‘mostly of green conglomerates and sandstones that probn.bly belong to
the Lower Devoman La Garde formation (Bourque & anhnmbre 1980) The

1 station is ip C: belll NAB,
* Site SJC (48°14'50* N, 65°58'20* W, alt. 150-300 m, area 6.9 ha) is located °
5 km W of St-Jules-de-Cascapédia, on the property of Mr. Jules Bernard. The .

nearest cll

stand is on a rather steep hillside , with the NE-orlented slope interrupte yn
few narrow terraces (see Fig. 1-4, p. 12). The hedrock could be obstrved- nly
near the bottom of the hill and consisted there ofa k}ecn voleanic rock probably
referable to the Silurian Black Cape formation (Bourqne & Lackiambre 1980)

The nearest climatological station is in New Richmond.

Site AG (48°12'30" N, 84°52'40* W, alt. 165-170gp, area 6.1 ha) is located
2.2 km NNW of Anse-aux-Gascons, near a micrqyave antenna on Route
Chrapados. The stand occupies a relatively flat hlllwp I could not locate sny
bedrock outerop at this site, but a detailed map in Bourque % Lachambre (1980)
. suggests a bedrock of caleareous rocks of the Chaleur group (Silurian). The
nearest climatological stati?n'is in'Port-Daniel.




'\. _ Figure 3.1:

Location of the study sites (bl:c.k dots) and other places
menhoned in the text. PG, Pointe-a-la-Garde; SJC, St-Jules-de-
G, A Gascons; Pe, Percé; GV, Grande-Yallé¢;

MSF, Mont-St-Pierre. Stippling represenls other sugar maple

forests, as in Fig. 1-2.

a
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Site Pe (48°33'50* N, 64°21'20* W, alt.*105-130 m, area 13.9 ha) is located’
just northwest of the Route & Lemieux, about 4.5 km W of Coin-du-Bane, in the
municipality of Percé. As in the case of site AG, the stand occupies a relatively
flat hilltop, but it also includes part of an adjacent valley. The flat-lying
caleareous cénglofnerate bedrock can be seen at many places and is very
characteristic of the Carboniferous Bonaventure l‘ormatmn The nearest

climatological station is in Val-d'l Espolr 2 o

Site GV (49°13'10* N, 65°11'10* W, alt. 60-80 m, arga 4.6 ha) is located
along Highway 132, ab_out 4.3 km W of @ade-Vallée, on the propérty of Mr.
Edelbert Minville. The stand grows on a NW-facing slope, at the upper end of.a

. hangmg velley The site is protected from northerly wmds by a.bend in the

valley. The bedrock is grey shale, probably be]ongmg to the Middle Ordov
Cloridorme formation (Hesse 1982). There is a climggological station in

.. Grande-Vallée™

Site MSP (49°11'10"N, 65°49'10* W, alt. 35:-80 m, area 4.9 ha) islocated

4.3 km south of the:commupnfty of Mont-St-Pierre, along and on both sides of the

road to Mt. Jncques- tier. The stand is on the flat bottom of a deep glacial

valley (see Fig. 1-5, p. 13) The bedrock is apparently the same as at the
precedmg sité, grey shale  probably belonging to the Middle Ordovician 4
Clondorme formation (Hesse 1982). The nearest chmatologlcnl station is in Mont-
Louls ) (R

The six sites constitute a good sampling of the topographjc and geologic

" diversity of G§spé sugar maple forests, since both hilltop and valle); situations are
‘represented, as well as thethree geological reglcns where sugar maple forests are ° .

known to occur (see Fig. 1-3, P 8).

The temperature and preclpltauon dnta in Fig. 1-1 (p. 8) and Flg 12 (p
10) are from the stations nearest each stndy s:te\IEey fall Wlthln the limits
determined by Richard (1978) for the Betulo-Aceretum, climax area (2.5%4.5%
A K o .

“ 2

/‘\ o .



"N\ ymean annual temperature, 800-1250 mm annual precipitation), except for Val-

d°Espoir (near site Pe), which is slightly cooler and rainier. This may be related to

local climate differences between the site and the elimatological station.

. The structure and composition of the stands agree very closely to the
t}:upé sugar maple forests described by Dansereau (1944a) and Majcen (1981) (see
pages 11-14). The tree Iayer is very homogeneous throughout the stands, with
Acer saccharum mnkm@up about 90% of the cover. The rest of the layer consists ¢
mostly of Betula lutea (5%) and Abics balsamea (5%). Atsite PG, Fagus
grnm!lfolm Ehrh, is also present, with an.importance comparable to that of A.
" balsamea and B. lutéa; however, in contrast to.these two. specles‘ 1ls dlsmbuuun
is very u-mgu]nr within the sl\und «
The unfie:stary ‘is.also in’ coﬁformity with the descriptions of Dansereau
"(19440) and Majcen (1981), with a mixture of boreal and deciduous forest species.
The stands Pe, GV, and MSP had a slightly distinct facies, in that the fern .
Matteucia struthiopteris (L.) Todaro completely covered large panYs of the forest
floor. At the other three sites, M. struthiopteris was absent, or very localized. A
few thermophilous species of herbaceous plants are present only at site PG: ,
Panaz trifolius, Trillium erectum, and T. undulatum. A complete list of
vascular plants observed at-each site is given in Appendix A. Sites:PG, AG, and
Pe showed little evidence of disturbance from human activity. The other sites
(SIC, GV, and MSP) were used for maple swmp production, which involved the

maintenance of access roads, and the selective cutting of trpes.
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., 4.1, Epiphytenv . =
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. THE BRYOPHYTE VEGETATION

. o R - I
The bryophyte vegetation was very uniform among the six study sites, in

= 5
structure as well as in genefal composition. The balk of the bryophyte vegetation

- was clearly copcel z}nled on the bark of living trees, and on rotting logs and X/\

stumps~ The forest. loor was almost" uniformly covered by a thick layer o( dry

Ienves whlch left little room ror the growth of bryophyles Erratic boulders were,

small and ganernlly few, and or en devoid of bryophytes. One seepy cliff and the

edges of a few ¢reeks bad a nch bryophyte végetation, but these habitats were '
very limited in extent.. There was no bog, marsh or other body of standing water-

at anyof lhe sites. ? . = é

Gaspé sugar maple forests have a strikingly abundant epigbyle vggetation
(Figs. 4-1 and 4-2). Most trees had at feast some epiphytes present, apd large tree®
trunks were often completely covered with epiphytes to a height of about two

metres. This ion was dominated by bryophytes, but lichens were also =
important. . g 7
Trunks of Acer sacch had a striki _{ her epiphyte vegetation than c
those of thé other-tree species. Between 0.5 and about 3 metres, the following )
spegies were most comiion and made up the bulk of the bryophyte vegenﬁo’!ﬁ 3
Leskeella nervosa o Pylaisiella polyantha
Leucodon brachypus Ulota coarctalfa
* Neckera pennala Ulota crispa
Ortholrichum obtusi folium « Frullania gborpdensis
Orthotrichum sordidum “Porella platyphylloidea 3
Platygyrium repens . Ptilidium pulcherrimum
Pylaisiella inlricala Radula cnmp’annlu .o
— » LS
‘ we. . .
i | - - «
e &




Figure 4-1:

Epiphytes on Acer saccharum (Site MSP, 12 June 1982). The
white tape measures 2.3 metres. At a 2 m height, dominating
species are N. pennata, Leucodon brachypus, Orthotrichum
obtusi folium, Porella platyphylla, and the lichen Lobaria
pulmonaria (L.) Hoffm.; at about 1 m height, dominating species
are Neckera pennata and Leskeella nervosa.
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Figure 4-2: Epiphytes on Acer saccharum (Site Pe, 21 May 1983). The
dominating species are: near top of photo, Leucodon brachypus and
Neckera pennata; near centre, N. pennata, Porella platyphylla,
Leskeella nervosa and Amblystegium sp.; on base of tree,
Plagi i uspidat and Brachytheci cf. salebrosum.




Higher up on the trunks, and on the branches, the bryophyte vegetation
became progressively sparscr, but Platygyrium repens, Ulota coarctata, U erispa
and Frullania eboracensis wére-rreqneuuy found as faf up as 10 metres. On
Betula lutea trunks, the ep)phyle vegetauon was generally sparse, and Frulldnia
eboragensis was the only cm{xmon bryophyte; a few very Iarge and old trees of

Betuila lutea had an abund.

bryophyte including most

" Leskeella nervosa, 'Orllllolrichlzm‘sordiditﬁ Ulota coarglata, U. crispa, and .

Frullapia eboracensis. No bryophytés were [onnd above 0.5 mon Abies
balsamea or anus q/andtjnlm Most of the specles found above 0:5 m on trees”
were excluslve epnphy_tcs in.the study sites. * - * .

The bnses of,all tree spec.\es (below 0.5 m) supported a nch bryophyte

végetation, consisung of many ol the’ spccles found-above 0.5 metres, together

. “with more chnmctensucally saxlmlous or terricolous specles (Figs. 4-2 and 4-3).

_p2. liryophyt;au of rotting logs lat‘gd:ut.umps ‘

The rollowmg species were most common:

* Léskeella nervosa
Plagiomnium cuspidatum
Platydictya subtile

. Brachythetium reflezunt *

. Brackythecium sglebrosum
Dicraniim montanum
“Hypnum pallescens’

At all sites, there was a abndance of fallen trees of various Size and

degree of decomppsmm\ (Flg 4-4) Recently fallen trees still had their ongmal

_cpiphyte* vogehman, but when the bark had begun to decompose, epiphytes ware

replaced by more dlstmct assumblnge' of mosses and liverworts. Rotting Iogs of

-all sizes and all tree spec.les were usyally completely covered with-a thick" mat of

mosses, wllh patches of lichens of the family Cladoniaceae. Livetworts wete also

well represemed especially on older logs remnmg more humndnty

The brybphyte vegctaudn of mmng Iogs consxsted mainly of the rollowmg

. specids:



Figure 4-3: Bryophytes on base of Acer saccharum (Site MSP, 15 June 1982)
The following species are present: Brachythecium reflexum,
Brachythecium sp., Leskeella nervosa, Platydictya subtile, and
Radula complanata



Figure 4-4: Bryophytes on a rotting log of Acer saccharum (Site MSP,
26 May 1983). The bryophyte species were not identified, but
Brachythecium reflexum seems to be the dominant species on
the photo.
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- E
hl;hhylhecium reflexrum Plagiothecium laetum
+ Callicladium haldanianum Tetraphis pellucida
Dicranum montanum Blepharostoma trickophyllum
Herzogiella turfacea Laphoculea heterophylla
\

Hypnum pallescens K “Prilidium pulcherrimum

i In those stands where some selective cutting had been done, rotting stumps
were nlso‘vmlable for bryophyte colonization: On these old stumps, the -
. vegetation was similar to that of rotting logs, but liverworts were fewer, :

Tetraphis pellucida was particularly abundant, and Pohlia nutans was common.

4.3. Terricolous bryophytes

* At all sites, the forest fldor was covered by a thick layer of dry dead leaves

(Fig. 4-5) which was easily shifted around by the wind and was entirely devoid of

bryophyte vegetation. A very small fraction of the forest floor area was covered

by bryophyte vegetation, where the leaf litter layer was broken: on a few stéep_

slopes, along roads maintained for miaple sap harvest, on eroded stream banics.
, and most characte;isu'cally on scars left by the uprooted bases ol’!nllen trees. On,

such sites, oranic and-mineral layers of -soil were exposed: W=

i H %
Organic layers included superficial mats of twigs and leaf _shreds held
toget:her by humidity, and deeper horizons of fully’decomposed humus. The most %

Brachuth

frequent bryophytes were: ‘reflezum, B. , and

Plagiomnium cuspidatum. Thi$ last species was particularly abundant at the

base of large maple trees, where dead bark material accumulates nnd is possibly //
damper because of rain runoff n,png the trunk. . //

. o
Bare mineral soil was less frequently available to bryophytes, dnd only one

species was common on this substrate, Polylrichastrum alpinum.



Figure 4-5:

Accumulation of dead leaves on the forest floor (Site AG). The
white string was placed above leaf litter in June 1982, and the
photo was taken 19 May 1983.



alpinum, and Conocephalum conicum.

4.4. Saxicolous bryophytes

Erratic boulders were present at all sites, but goncr:\fly small and poorly

vegetated by bryophytes. Monospecific clumps of Brachythecium reflezum,

Fissidens cristatus, and Paraleucobryum longi folium were frgquonl on boulders,
but overall, boulders were of very marg‘inal importance in the study sites, in
terms of bryophyte vegetation. . ' . H e
L

Bedrock outcrops were rare and very limited in extent, except at
Pointe-a-la-Garde, where I found a small seepy conglomerate cliff in the vicinity
of a creek. It was much wetter than the erratic boulders and carried an ‘nb\mdnnt
bryophyte vegetation, including Bartramia pomiformis, Dichodontium -

b Polutrich

Homalia trich noides, Mnium i F um
: g N 5

4.5, Wet. habitats

Drainage was very good at all sites, and there were no bogs or standing

water: ‘This was reflected in thu total ahsence of the genera Aulacomnium,

Calliergon, Philonotis, and: All staids (except AG) hid a. few small
“creeks that probably dried ou’c in the summer. In the vicinity of these, the”
bryophyte ion was Ily, more abundant for all joned
.above. The following species were collected only in the vicinity of creeks:

Brachythecium plumosum Mhnium marginatum

B. rivulare Plagiomnium medium

Bryum weigelii Rhizomnium appalachianurm

errxphyllﬁm p-hf:rum R magni folium

- Eurhynchium riparioides Thun{xum recognitum
Hygroamblystegium tenaz Conocephalum conicum

Hygrohypnum luridum--

- . . o .
Only two of these species were common: Brachythecium rivulare, which

was usually present in the vicinity of creeks, and Plagiomnium medium.
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4.8. Discussion

In their abund epiphyte veg d by bryophytes, and very
reduced terricolous bryophyte vegetation, Gaspé sugar maple forests are very
different from the coniferous forests typical of the Boreal Forest Biome. In 2
study of 60 stu&y sites across the North American taiga from Alaska to :
Newfoundland, La Roi & Stringer (1076) summarized the bryophyte vegetatmn ol‘

1. boreal spruce-fir forests as follows: p
bryophyte mi ities ‘are usually strongly

'
dominated by robust pl such as Pleurozium schreberi,
. Hyl i lendens, and Pilium crist 18, with large S
\ species of Dicranum important lous and xylicolous

bryophyte microcommunities near the gruund are physiognomically”
more diverse, much richer in species, mainly successional, and consist of
small mosses and llverwon.s such as Te!raplns pelluctda and
iella auts C ies on tree .
~. trunksand crowns are usually dominated by lichens, but species of
Orthotrichum, Ulota, and Ptilidium are often minor associates.®

These conclusions are consistent with the findings of Comeau (1966) and Majcen

(1981) for coniferous forests in the Gaspé Peninsula. '
|

In the Gaspé sugar map]e forests, as noted earlier, terricolous mosses have
an extremely limited eoverage Plaumzmm schreberi nev‘er dominates
microcommunities; it is restnctqd to decaying logs, and always mixed Wltil' other
mosses. Hylocomium splendens and Plilium crista-castrénsis are rare, while

' large Dicranum species (D. majus, D. polysetum and D. scoparium) are also of
marginal importance, mostly restricted to rotting’ wg‘od. Climacic sugar maple
forests in L'Islet Co. (Jean 1082) and in southern Québec (Grand¢ner 1966a) also
have a very fragmentary bryophyte cover onthe forest i‘lo:;r.(-n-:aximnm 5%,

prohn‘bly including rocks and rotting wood). - © . & .

" The tree base and rotting wood vegetation of the Gus'pé sugar maple [
forests, on the other hand, is more similak. to that of boreal forests. It is rlch in,
small mosses and hverworts, and its composition is similar to that of similar
habitats in Bonaventure Island balsam fir forests, as described in Comeau (1968).
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However, in the Gaspé sugar maple forests, large mosses are well represented on

the bases of sugar maples; on rotting maple trunks, the large pleurocarpous moss

Callicladium hald Fand

is always THIS species is not even reporled
fof deniferous forests by (‘omeau (1968), La Roi & Stringer (1976), an Mn,cen
. (1981), while it is an |mpor(:ml. mmngiag species in the southern Québec sugar

mnple forests studied by LeBl:mc (1962), and Muhle & anlnnc (1975).

anlly, the epiphyte vegetation of Gaspé sugar maple rorpsls is abundant
and clenrly dommated by bryophytes. It seems to be alme Y denmzl to that .
reported by Leblanc (1960) for Tive sugar maple lland/slgted in southern .
Québee, il ncludi cne;’" Aceretum and foup.¢]] ic stands-of a more
southern type. The dominating epiphytes ,M/he same, but a few species that ~
are common in the Gaspé seem to be ;&4(” absent in southern Québec sugar
maple stands: Neckera pennata, hotrich didum, and Pylaisiella . .
intricata. Also, the liverofis Porela wylloidea and Radula complanata ar.
characteristic of Y uthern Québec, while in my sl“rn they,
usually grow-fiigher up on jktmnks Dlﬂ‘erew

levels Tight .account for these differences. In the crowns and the upper part of the

in pollution and local humidity

trunks, the species ue the same in the two areas. In southern Québee, as in the
Gaspé, the epiphyte vegtuuon is much poorer on Betula lutea, and limited to
the bnses of Fagvu yrand-/alm Ablu balsamea is not present in southern Quebcc
stands. %

In the p account, I described the bryophyte ion only in

-general terms, | w:thonl having assessed the abundante or cuyemxe

of each speclea Comyanuve data lrom other regions-is equally !ngmenl.nry
Notwithstanding these limitations, it seems obvious that the bryophyte végetation
of the Gaspé Peninsula sugar maple forests has much more similaritics with thgt
of similar forests in southernmost Québec than with that of the surrounding
coni!e:ol‘xs forests.., N

s i 3



THE BRYOPHYTE FLORA
One hyndred and fourteen biyophyte species were identified ‘m.the samples
(Table 5-1). An annotated list of the species is given in Appendix B; with data on
16cal substrate, abundance, frequency, and fertility. The 96 rnoss species represent
24 farmhes and 55 genera, while the 18 liverwort species are from 14 families and
17 genera. The genera with most species in the flora are Brachythecium (8
species) and Dicranum (6 species). Many widespread genera are totally absent

from the flora (e.g., Calliergon, Sphagnum, lophozin) and the diverse family

Pottiaceae is d by few

of only two species.

Although it is probable that a few uncommon-species were overlooked
during the ﬁeld work, I be]leve the list is nearly complete for the s(tes
“investigated. The second ﬁeld season produced néw species | records for individual . -
sites, but added only five spemes to the general list. Only three of the species
mentioned by Majcen (1981) for sugar maple stands were not found in my. Study
sites. These[nre included nnd discussed in Appendix B.

5.1. The distribution groups

The flora does not.contain any species that c‘an be considered rare ift
eastern ﬁorth America. The distribution groups were defined p. 24.. The
separation into lnt‘ithdinal’g‘muﬂwas very clear in most cases. A few species were
clearly boreal in western. North Amenca, but tempernte or ecotonal in the East.
These will be dxscussed individually. /

. “ .
) Separition into eastern, d@sjunct and (nnscontinenﬁgg:e,cies was often less
clear! Mest castern species extended into some parts of central Norgh Am!ri_cn,
and sometimes those western extensions were such,tha;t differentiation was

il
\

A



.Table 5-1: Number of bryophyte species collected at each study site. T

- —
. T

STWDY SITE - . .- MOSSES - LIVERWORTS  TOTAL

Pointe-a-1a-Garde © BB i 68

Stliles-de-Cascapédia B4 13 87

Ange-aux-Gascons : 42 8 +» B0 -

Percé 62 14 68
s - B '

Grande-Vallée - 54, 11 65
Mont-3t-Pierre N ® a1 80 &

TOTAL FOR CQMBINED SITES £ 18 114

- s ¢ '

v ; -
) X o
—n L R
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difficult from t inental species. The di iation betwean .

transcontinental and disjunct species was also difficult; it was often not clear if
the minimal 800 km distribution gap was present, and Everx possible Intcrmedmte
was observed between rully transcontinental species and Orthotrichum

aardldum ‘the species with' Ll\e widest d:s;uncnon[ |

\ s
The number of bryophytes in each dnsmhuhonnl Lroup is g'(ven in Table
5-2. A list of the species in cach: group is given in Appendix C, with a summary of

their Eurasian distribution. Since this study is primarily.concerned with the

-

Deciduous Forest Biome - Boreal Forest Biome ecotone, | the latitudinal gro‘ p\ll
be used as a basis for ihilollowing analysis.” .
/ g

5.2. Azonal species

Azonal species, as defined earlier (p. 24), constitute the largest distribytion

. group in this study. A few of the azonal species (e.g., Barlramia pomi formis,

Fig. 5-1) are restricted in North America to the combined areas of the Boreal
Forest and Deciduous Forest Biomes, but most species have wider ranges that
cxtengmto the Archc and/or the tropics. The species are transcontinental in
North America, except for four disjunct species. The disjunction of
Plagiothecium cav.l’foh’um is limited to a narrow gap in centra Qam'ga, and the
species is widespread on both sides of the continent. The other disjunct species,
Diphyscium foliosum (Fig. 5-2), Pylaisiella selwynii, and Ozystequs
'leu_uiraai;‘is havea tempérnle distribution in eastern North America, but oceur ~
disjunctively in Greenland and/o.r arctic Alnsk.‘a and/or borehl western North
America. These d'!stribution patterng will be discussed togezl‘l‘er with the boreal
disjunct species.

: < '

All but two of the transcontinental species are also !rdn‘s‘cont_inentyal in
Efurui_a; except for a few truly cosmopolitan sﬁecies, these belong to the classical
circumpoinr element described for vascular plants by Hultén (1884).t-
corresponds to the nlmost_continuons circumpolar Boreal Forest Biome, with

extensions including the Deciduous Forest Biome.. Plagiomnium ciliare is
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5 Eastern Disjunct Trane TOTAL - %5
F] continental = o @
y =
Azonal - 4 4m 33 (20%) 3 (32% . >
Boreal - 9 (8R) 30 (26%) =39 (34%)
- > t @
‘Temperate 11 (10%) 12 (11%) 5 (4%) 28 (26%)
Ecotonal 6 (5%) 4 (4% oo 10 (9%) -8
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. Figure B-1: 'ynenlized distribution of Bartramia pomi formis in North
¢ America. ) i
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endemic to North America, but it is very closely related to P. tezukae (Snk )
Kop. from Japan and P. aj?ne (Funck) Kop from Europe (Koponen 1971); P.
ciliare is alsc 'much more widespread in the Deciduous Forest Biome than in the

_ Boreal Forest Biome, and Koponen (1971) considers it to belong to a deciduous

forest element. Similarly, Plngit_.vtlix'ln porel{oides is known from Europe and

vNortﬁ America only, but'it is closely allied to the Asiatic P. ovali folia Mitt.

(s:husce'r 1066-80). Arong the species tht aré disjunct.in North America, two

are transcontmental in Eurasia, while the othets oceur digjunctively in Europe

nnd easiern Asia. . o L
: : . ]

5.3. Boreal species -

My definition of boreal specics includes a southern limit corresporiding

roughly to that of the Boréal Forest Forest Biome (see p. 24). Most boreal species

; ™ had this limit in the southern Appalachian Mounta\ns In a few cases, this hmu.

was, not located that fat south, i.e. it was /here else along the A

Mountains, between Québec and West Virginia. A few species occur disjunctively

in the 'Qzark Mountains. n =

The northern limit of the boreal species'is most frequently located near the
tree-line, but many species are also widespread in-the Arctic. A few species are
somewhat restricted to the southern’portion of, the Boreal Forest Biome. Two
species, Plagiomnium dr dii ol Pylaisiella polyantha, could be-included

in the ccotonal group with respect to their eastern North Americair range, but are

included here because of their extensive boreal range in the west; some ecological
or historical cause 'might exblain‘ theil: appérent absence in‘the northeastern part
of the biome, but this may simply be due to undercollection. Herzogiella tur facea
has an unususl-diatribution in that this low-bureal dpeciés does not occur West of
the Rocky Mounu:in;, but has been found across the Prairies as far west s
western. Alberta and western Montana. It is apparently transcontmental in

Eurasia. B

The great majority of boreal species are transcontinental in North Ametica



-

. Figure 5-3:

Generallzed distribution of Drepanaclndus uncinalus m/
North America 1ndapted from Jansscns 1983).
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(Fig. 5-3). These form Avery homogeneous group of boreal and arctic-boreal
l)rybphyles. but a few of the taxa tend to be less common in central Canada.
Nine boreal species show strong disjunctions in their North American rapge. Five
of these have a regular pattern of wlidespread occurrence in both eastern and
western North' America; and a disjunction of variable width in the central part of
the continent (e.g., Hylocomium pyrenaicum, Fig. 5-4). The other four species,
Bruchythecium erythrorrhizon, Heteroclidium dimarphum, Isoplerygium
muellerianum, and Orthotrichum sordidum (Fig. 5-5), have more lrregul;r
dlstrlbutloé WIth their eastern and /or ‘xestem range :slncted in various ways.

All the transcontinental species and most of the disjunct species are also
transcontinental in Eurasia. "l‘hesc plants belong to the circumpolar element
deseribed by Hultén (lb64), as with most of the azonal transcontingntal species,
but their distribution does not extend significantly into the Deciduous Forest.
They correspond more striatly lo the circamboreal element mentioned for Québec
vascular plants (Rousseau 1074) and eastern Canadian lichens (Brodo & Gowan
1083). Their dls}nbuuon _can be correlnted with that of the almost continuous
circumpolar boreal forest.

Ti.c North American disjunctions can be explained in”various ways. The

three Brachythecium species may very well have been undercollected or
3 .
misidentified in ceptral Canada. This ggnus has a long history of taxonomic

confusion and it is hard to include most species in any analysis.

J' er (1072) hns discussed contingntality and ocenmty in European vascular

Various cli ical factors associated with distance from

plant
the oceans can also explain the disjunct distributions of many North American
plants, especially those with a wwlq latitudinal distribution on both sides of the.
¥ ’ idity and

restrict significantly the inentality of the conif forest, but many

across the i do not

. individual species characteristic of the Boreal Forest Biome show variations in

. this respect. These climatological ra‘cto}s_ can probably explain the diétyibntibn of



%o

b

alized distribution of HylocKnium pyrenaicuin in North
2. The black dot represents dn isolated group of locilities.

cB.SS

ST
523

Gen
Am
H:p
And

Figure 5-4: Gel

‘enaicum is also reported from the Aleutian Islands (Crym &

A

on 1081).



et

;" T
7

v A
i
8

Figure 5-6: Generalized distribution of Orthotrichum sordidum in North
America (expanded from Lewinsky 1977). Black dots represent
isolated localities. ¥
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most boreal disjuncts in this study, as well as that of the azonal Plagiothecium
cavi folium. Brodo & Gowan (1983) distinguish an oceanic element for Jichens,
and the species they mapped (Bryoria bicolor (Ehrh.) Brodo & Hawks.) would
be considercgg boreal and disjunct in my classification.

£ Orthotrichum sordidum (Fig, 5-5, p. 50) has the largest disjunctidn in this
analysis and its distribution cannot be related to Jager's (1912] oﬁ(::‘y areas®
alone, since it is also dlsjunct latitudinally, bemeen the Crnt Lakes<St. Lawrence
region and the Arctic; it is absent from true bnreal latitudes, Exwp\’%:w

?locality in coa;tnl Labrador. In the southern part of iu.: range, O. sordidum is a
common and obligate epiphyte; while in the Arctic it grows on rocks. The specics
has a similar amphizonal distribution ‘in gastern Asia, wit_h‘the same ecological

" difference. In European longitudes, it is only reported from Svalbard, Lewinsky
(1977) explained this pattern in terms of widespread preglacial distribution and
survival in rcfug}a during the last glaciation. The asetic populations are from
areas thought to have remained WLhneo.’fhe southern populations. would
have reinvaded part of their former range from regions south of the glacial himit.
Other species of epiphytes are kiiown to grow on rock in the northern part of _
their range (Piippo 1982). The azonal disjuncts Diphyscium. foliosum (Fig. 5-2,

p. 45), Pylaisiella selwynii, and Oryst irostris probably have similar
histories:

5.4. Temperate species

.

My definition of temperate species includes a northern limit corresponding
roughly to that of the Deciduous Forest Forest Biome (spe p. 24). Seven species
reach their eastern North American northern limiit in the area of study:

i lachnoide Dr di
Anomodon rugelii Fissidens crutatua
Atrichum altecristatum Porella platyphylla

Calll‘;h‘xdl'um haldanianum




‘The other species had a few localities north of the Gaspé, usually on the

island of Newfoundland. These outlying stations were not taken to indicate a
northern affinity, since they were very few, or located only slightly to the north
of my area of study. In a few cases, the decision was made with iuexitation, and
further research might move these species to the azonal group. This is notably the
case of Plalygyriv;m repens, which is clearly temperate in eastern North America,

- but has a more boreal.distribution in the western half of the continent, where it is
'found‘ along major rivers as far as Alberta, and near hot springs in northern ~ *
British Columbia; ~ '

"l:hc southern limit of the p specit;s is most in the

séutheastern United States, but many exténd into the tropical zone.

A large portion of the temperaté s;:ecies have ap eastern djstribution (Figs.
5-6.and 5-7). A fow of the species are also widespread in the American tropics,
but 6lhcrwise, this group is very homoEeneous, with most species distributed‘ over
the full range of the Deciduous Forest lBiome, frequently with a few outlying
stations ini the lower boreal zone and/or extensigns into the Prairies. This
distribution type basically corresponds to the eastern North American Deciduous
Forest Biome, and such a floristic element has been noted for vascular plants
(Rousseau 1974), mosses (Crum 1966), and lichens (Brodo & Gowan 1983).

Other temperate species have a similar range, but-also’occur disjunctively in
western North America (Fig. 5-8). This disjunction is very wide in most cases,
but the range in western North America is very variable: to mention extr;zme

. examples, Metzgéria Jurcata is known from a single western locality, in Oregon,
while Jungermannia leiantha has a broad cordilleran and coastal range in-
Western North- America. For species with a restricted range in western North
America, the western populations probably represent relicts from a Tertiary
transcontinental Deciduous Forest Biome. Rousseau (lﬂ74) mentions'a few
vascular plants of the deciduous forest element, with disjunct localities in western

North America. Disjunct species with a wider latitidinal n\nlge in the west usually

s L ! &
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Flgure 5-8: North Ameri t ion of Dr dia prorep

(expnnded from Vitt 1070).



Figure 6-7¢ North Américan distribution of A don splachnoi

(expanded from Crum 1958, and Ireland 1084).
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Figure 5:8: ~Generalized distribution of Callicladium haldanianum in North
America, Open squares represent state records for which there was
no precise locality information. L 3

P
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have a narrower disjunction that can be explained by present-day climatological
factors, as for the boreal disjuncts (see p. 48).

- = ~
“Most eastern. and disjunct temperate species are endemic to North America
or have disjunct ranges in Europe and/or eastern Asia. This is consistent with the

present-day discontinuou@range of the Deciduous Forest Biome. At Iast two of
the North American endemics, D: ia prorepens and Leucodon: brakhypus,
have very close reln*wcs in eastern Asia: Drummondia sinensis C. Mill. (see

Vitt 1972), and Leucadon perdependens Okam. (see Crum & Anderscn 1071).

Finally, two moss and three liverwort species have a temperate *

transcontinental distribution (Fig. 5-8). They are recorded from most of the
Unitec States, and across southermost Canada. This type of distri
seldom mentioned'for vascular plants, but Brodo & Gowan (1983) mention it for

lichens. These species are alsg transcontinental lnﬁurssm and can be considered

to belong to a circumtemperate floristic element.

5.5. Ecotonal species N
Ecotonal species constitute the smallest group of taxa, lné the most
restricted distribution type in this study. My definition of ecotonal species
‘ includesrn northern limit corresfonding roughly to the narl.kem Ii(nil of the
Deciduous Forest Forest Biome, and a southern limit corresponding roughly to
« the southern limit of the Boreal Forest Forest Biome (see pg;e 24). All ecotonal
species have a few localities north of the Gaspé PBnini;l]l, mostly in central

Labrador or northern Ontario. These outlying stations-were not taken to indicate
- )

a northern affinity, since they were wery few, or located only sljghtly to the north
of my area of study. A few species might prove to bé more frequent in the Boreal

zone. All ecotonal species in this study have their southern limit in the southern

Appalachian Mg ins, except Pl i subtile, which'is not known from the

# soulheugern United States, but reaches a southern limit in Texas.
Most ecotonal eastern species (e.g. Rhizomnium appalacfiianum, Fig. 5-10)
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Flgure 5-10: , Generalized di’stributi;’m of Rhizomnium 'ﬂppnlﬂ:hi}l;luj'm

in North America (adapted from Koponen 1973)." -




A finer a.nalysls of Iocal ]labusl é’haruteﬂs ic

-them out in-part. Some of tln_

have & v‘ery uniform distribution ﬁsttnn, including,the Appshch\;‘nn Mountains,
the Great Lakes region, and the Gulf of St. Lawrerde. The four ecotonal disjunct
speéies have the same uniform distribution pniern in eastern North America,
with a similarly restricted range in the western part of the continent, in British.
Columbn and adjacent territories. Ulah: coarclata (Flg S-IIYB known in the
wst from a single loclhly, in northem ldahn -

| I

By thelr very definition, ccolmml speua are subject t tqrpmlqlibn

problems. P.nm dnstnbuuon map m:lysls at a continental scale, an extreme ..
southern boren{ specles and a northern lemperal.e species cannot be distinguished.
S, cspecmlly nlmude, m|glxt sort

pecies may be orlgmnl low-borenl spcuos lel

were ellmmn(ed from m os[’

e

Tl’ns may irly npply to most -

s am Eranszonhnenta in Eurasm (ex |)l

Appalachmn 'sz Lakes- 5( Lawreﬁee a;su.buuo.. paitern; was—menlmnml by

Rnusseau(lWl) for vascular plants and Brodo & Gowxn (1983] for lichens.
* These authors consn'ler Lhis pnuem asa sub—:lemenl of I.he dmduous rnml
s

e'lemen
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* Flgure 5-11: G lized distribution of Ulota| coar in North America
(adapted from Vitt 1070). The black dot represents an isolated
locality. E

\
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for mosses of all four distribution groups. These findings i;ndicste that on the
average, temperate and boreal sp‘ecics are equally successful vegetatively and
reproductively inXhe set of microhabitats provided by the study sites; neither the
temperate or the boreal species can be considered to be acKental or otherwise
atypical with respect to the Gaspé Peninsula sugar maple forests. However, the
threé species most common and widespread in the Boreal Forest Biome are
"ecologically restricted or rare in the study sites (see p. 38). The local status of
azonal species is not surprising, given their wide distribution Jpoth north and
south of the area of study. For the small ecotonal group, abundance.and ]
frequency could not be included in this analysis, but the proportion of fertile
species suggests that their loca) status does not differ from that of the other N
| groups. & : . T

“en species could not be assigned to one main substrate type:

Amblystejium varium, A don at Brachythecium erythrorrhizon,
B..reflezum, B. velutiy Eurhynchium riparioides, Oncophorus wahlenberyii,
Plagiothecium denti Conocephalum conicum, and Ptilidium

puleherrimum. On the other hanﬁ, the single collection of Leptobryum A}
pyriforme grew on.an unclassifiable substrate (ash in an abandoned boiler). For

the remaining 103 speies (Fig. 5-12), the main'subs classes are distributed

differently in the fo) pdfslribnti_on groups. The differences are significant, at Jeast
for the azonal, borei; and temperate groups (Appendix D, p. 104). More than
" half of the azonal species are from rock or mineral soil, about half of theszenl
species grow on dead organic substrates, and almost half of the temperate spegies
are epiphytes‘, '
Mineral substrates ate widespread in both the Boreal Forest and the
Deciduous.Forest Biomes. This is reflected in the large number of azonal specics
with this as a main substrate. o E .
.
It was n‘oted.enrligr that the inynphytc vegetation of rotting wood is similar.
in coniferous and, deciduous forests. On the other hand, the litter produced by
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Figure 5-12:

Proportion of, bryophyte species of each main substrate class, for
each distribution group. '1: bark of llvmg trees; 2: dead orgamc
substrates; 3: mineral substrates. i
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coniferous trees is a much better habitat for bryophytes than deciduous forest
litter, as shown by the important bryophyte cover of most boreal forest floors; in

sugar maple forests, boreal i mosses app ly find similar conditi

of acidity, humidity, and possibly stability on rotting logs or occasional expdsed
humus. These factors can explain the large proportion of species from dead ™\
organic substrates in the boreal group, as well as the large number of boreal

bryophytes in Gaspé sugar maple forests.

Finally, not surprisingly, epiphytes predominate among temperate
bryophytes. The bark of deciduous trees (except birches) is known to be more

“suitable.for the growth of epiphytic bryophytes than the bark of the-main boreal .

trees,i.e. birches and conifers (Barkman 1958).

5.7. Floristid syn(hesis

Grandtner (1966a, 1966b) and‘ Majcen (1081) have shown that the
Gaspé sugar maple forests belong to a vegetation type widespread across southern
Québec. T have shown in the preceeding chapter that the bryophyte vegetation of
my study sites is also similar to that of sugar maple forests in other-parts of

Québec.

Dansereau (1944a) mentioned that the vascular flora ob Gaspé sugar maple
ts consists of a.mixture of deciduous forest and boreal forest elements. The ,
vascular flora of my study sites (Appendix A) includes many spectesof both
decid forest and: cil boreal elements ioned by R: (1974) for the
Québec flora. :

Using Dangereau's (1983) definition (see p. 20), I would distinguish four .

" ﬂoristic‘ elements in the Gaspé sugar maple: forest bryophyte flora, based on

distribution patterns and, to a lesser extent, on the local status of the species.

The cosmopolitan element ir:cludes a few azonal transcontinental species

with particularly widespread distributions in all it e.g, Ceratodon
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mu;amu and Leptobryum pyriforme. These species are rare in the study sités,
and restricted to disturbed or man-made habitats.

The circumboreal element includes most of the azonal and boreal species.
This element corresponds to the holarctic Boreal Forest Biome, but many species
are arcto-boreal or boreo-temperate. In the study sites, it is represented by species
of habitats found equally in deciduous and coniferous forests (e.g., rocks and
rotting wood), and species with a shift of habitat between biomes, such as boreal
forest Toor mosses growing locally on sugar maple rotting logsi Disjunet npzciu‘

with s wide | dinal di can be distinguished as a boreal oceanic sub-

clement, while a true boreal dlsjunct sub-element would mclude the rest of the
azonal and boreal disjuncts, and smne of the ecotonwl dlsjnncu, in'which -
1 Quaternary g]acutlons have. hnd a strong restnctwe el’l‘ect on distribution.

The circumtemperate element is a small group including all temperate
transcontinental species, and two temperate, species that-are narrowly disjunct in
North America and transcontinental in Eurasia. The local habitats of these

species are diverse, and the clement is poorly documented in the literature.

The deciduous hxest element mainly mclud- my Lempence eastern and
ccotonal eastern species, as well as those Iempu te and ecotonal disjuncts whose
western populations might be relicts from a former western Notth American
@eciduous forest. The bulk of ‘this element consists of species with ecologies most
speciiically adapted to the -deciduous forest, e.g., epiphytes. The specis can be .
scparated into sub-elements+on the basis of their presence or absence in the other
sections of the Deciduous Forest Biome (i.e. in Europe and/or eastern Asia), but
the number of identical versus vicariant species in these regions depends much on.

taxoriomic opinion,

In conclusion, the bulk of the bryophyte flora of (Gaspé Penmsuln sugar .

maple forests belongs to the ci b | and decid!

{orest el ts, as for

vascular plants, _Tize present flora is a result of recent recolonization from regions
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south of the glacial limit, but the floristic elements originated from ancient and
prolonged coevolution in pre-Quaternary biomes. The differences in main’
T substrate are suggestive in this respect, but more studies are nceded on the
ecology of deciduous forests bryophytes, especially in relation to the seasonality of
the light and moisture regimes. The floristic analysis of non-mesic and non-
climacic végetation types within the climax areas could also lead to a better S~

understanding of the dynamic relationships between flora and vegetatiof.

b
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* Abies balsamea (L.) Mill.

Appendix A
List of the vascular plants found at the
study sites

Nomenclature follows Scoggan (1978-79), This list includes the first records *
of Panaz trifolius and Viburnum alnifolium from the Gaspé Peninsula.

\’ PG SIC AG Pe GV MsP
PTERIDOPHYTES

2
4
&
&

Botrychium virginiarfum (L.) Sw.
Cystopteris bulbi fera (L.) Bernh.
Dryopteris austriaca (Jacq.) Woynar
Gymnocarpium dryopteris (L) Newm.
I‘ycopadmm lucidilum Michx.
l,ycapadmm obscurum L.

Malteucia struthiopleris (L.) Todaro
Osmunda clagtoniana L." .
Polystichum braunii (Spenner) Fée
Thelypteris phegopleris (L.) Slosson

b F
skl
4+ o+

Rkt

PR
£

+

.
++
e
&
+
T+
%

SPERMATOPHYTES

++
++

Acer pensylvanicum L.

Acer, rubrum L.

Acer saccharum Marsh.

Acer spicatum Lam.

Actaea rubra (Ait.) Willd.

Amelanchier sp.

Anaphalis margaritacea (L.) Clnrke
Aralia nudmmlla L.

Arclium lappa 4
Arisaema alroruhenu (Ait. ) Blume
Belula lutea Michx. . +
Belula papyrifera Marsh.

+ 4+
++

+ T+
++
+4+

+ ++ o+ ++ ++
++
+

++



A PG SIC AG Pe GV
Chrysosplenium americanum Schwein. 425
Circaea alpina L. -
Claylonia caroliniana Michx.
Clintonia borealis (Ait.) Raf. . +
Cornus alterni folia-L. 4. :
Cornus canadensis L
Corylus cornuta Marsh.
Dentaria diphylla Michx.
. Dicentra cucullaria (L.) Bernh... +
& Erythronium americanum Ker
Eupatorium rugosum Houtt.
Fagus grandi folia Ehrh. +. .
Frazinus nigra Marsh. -
Galium triflorum Michx. + o+ .+
> Habenaria viridis (L) R.Br. °

Heracleum landtum Michx. ' i %
Impatiens capensis Meerb.. ‘
Lonicera canadensis Bartr. » +
Maianthemum canadense Desf. + o4
Medeola virginiana L. +

e Miliym effusum L.
Mile?l’: nuda’L.

q Osmorhiza sp. .
N : Ozalis mnnln({ Raf. ) +

+ ¥+

+
+ O+ +
O S

++
+ +H+ e+t

o
4+ Attt 4+ B
<

s

+% .

+ 44+

Panaz trifolivg L. = +
Picea glauca (Moench) Voss
Prenanthes cf. altissima L. +
Prunus cf. pensylvanica L.I. -
Prunus virginiana L. o+
Ranunculus abortivus L.
Ribes lacustre (Pers.) Poir.
Ribes trite Pallas
Rubus idaeus L. *
Rubus pubescens Raf. . N4
Sambucus racemosa L. f
Sanicula marilandica L. v
‘+Smilacina racemosa (L.) Desf.
Sglidago macrophylia Pursh .
ug decora (Sarg.) Schneid. g & Ak
Streptopus roseug Michx. - .
Tarazacum’officinale Weber
Tazus canadensis Marsh,
" Thalictrum cf. dioicum L. : ¥

++
+ ++
++ +

++ +

+ 4+

+ -+
+° o+
+ 4+
¥ ok L
o
++++ &
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% g v PG SJC AG Pe " GV MSP Y
5 Thuja occidentalis L. ® = *
iy Trientalis borealis Raf. +
Trillium cernuum L. . ) +
Trillium erectum L. g +
Trillium yndulatum Willd, +
Tussilaga farfara L. -
Viburnum pilni folium Marsh.
Viola eriocfirpa Schwein.
. Viola incognita Brajnerd | + p %
— Viola reni folia Gray X . + +
: Viola selkirkii Pursh *

.

+ o+ o+ o+
+ ik

+4
)
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S Appendxx B

Annotated list of the bryopl"ytes of Gaspé
Peninsula sugar maple forests

- The following list is based on collections.at the six study sites, but other
reports aré also included. Alwgether the known bryophyte flora of the
Gaspé sugar maple forests includes 97 moss and 20 liverwort specics. Mel:gma
Jurcata is reported here for the first'time from.the Gaspé Peninsula.
For mosses, I followed the nomienclature of Ireland (1082), except for

Brachythecium oedipodium; Fissidens bryoides,

graelle and the
genus Pnlylnchaalrum For ]|verworts l rollowed Stotler & Crandall-Stotler
(1977) .

Collection numbers 101 to 2144 are by M. Fayreau, ond numbers 3601 to
4304 are by M. anrcnu and Z. Brabant. Collection numbers followed b);am
nstgriék (*) represent specimens with sporophytes. Abbreviations PG, SJC‘,.AG, =
Pe, GV, and MSP‘repr?ese:n! the study sites, as_per Fig. 1:2 (p. 5). *Fo* indicates
u}cpurt‘hy Majcen (1081) from sugar mnple stands in Forillon National Park. '

In most c{:es, I h:ve cited only oﬁn specimen of each specms ror each -
locality, but abjindance and substrnte data is based on my entire collections. ’l‘he
epithets 'occmonnl" “comwon®, nnd *very common® refer to the-abundance . ,
classes defined on p. 23. Al specnmens cited .are deposited in the Bryophyte )
Herbarium of Mernorial-Uni Y, of Newf dland (NFLD). A sccond almost .,
complete set of%eclmens is kept in my personal herbarium,
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CLASS MUSCI

-,
vAmMyslcymm serpenis (Hedw.) BSG GV 1509’ MSP 1811*, Occaslonal on

bases of Acer saccharum, usually on damper parts of bark . .

Amblyal:g-‘z)m varx'um (Hedw.) Lindb. PG: 10“ Pe:2141a. - . &
" Only two collections, from the base of an Acer aaccharum and from

conglomerate rock, with other mosses.

Anacamptédon splachnoides (Frohl. ez Brid.) Brid GV: 1427a.
- Only one collection, from a knothole in the upper part of an Acer saccharum L3

- trunk. This is the northernmost record for this species (Fig. 5-7, p. 54).

Anomodon attenuatus (Hedw.) Hiib, PG: 3708, Pe:’Z’H’I; MSP: 4304a.
Occasionnl; in large mats over rock, rotting wood, or the base of Acer
saccharum. :

Anomodon roptratus (Hedw.) Schimp. Pe: 1715a. Only one collection, from -

conglomerate rock.

Anomodon rugelii (C. Miill.) Keissl. PG: 8702a. Only one collection, forming a
" large mat on the base of an Acer saccharum. Thisis the northernmost record
for this species in North America. An earlier record from Rimousi(i Co.
& (Lepnge 1945-46), is A: altenuatus (Lepnge 1768, QFA, seen).

Alrichum allacnala(um (Ren & Card. ) lrel SJC: 721‘1, AG: 618*. Occasionai,
. on mmernl soll ' . Ce

. . w
’ L ) ’ 31" - o : ) x . -
. Bartramia P""‘Ifa"""ﬂ Hedw: PG: Eﬂld‘ Only ope éollection, from & -
[ * conglomerate cliff ledge. L8 Vot

= i Brachythumm-erythmrmzan Bs»(‘ SJC: wer AG: 541,~0v 4115«* Ms’P , M
)4210 Fo. Occasionil, on diverse sub te \ruu\,.l)&!ﬂ of Acer- Mcchnrum,

or minel;_n] ‘soil, rotgink log).
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Brachythecium oedipodium (Mitt.) Jaeg. GV: 1584a; Fo. Only one collection,
over humus near rock.*My specimen corrqpnnds'clenly to B. oedipodium
(B. curtum (Lindb.) Limpr.), as distinguished from B. starkei (Brid.) B.S.G.
by Piippo (1983). .

BracAythecium plumosum (Hedw.) BS.G. * SIC: 836a*. Only one collection,

, from arock near a creek. i
Y - & .

Brachythecium populeum (Hedw.) BS.G. PG: 261; SIC: 80% AG: 651; GV:
1542, MSP: 1305*; Fo. Common, usually on fock; a few.collections from

routing wood and a piece of detached bark. P .

Brachythecium ‘r_eﬂezum (Starke ez Web.. & Mohr) BS.G. PG: 308*; SIC:
868*; AG: 548‘;'}’::‘18.95‘ & 212%; GV: 1504 & 1512, MSP: 1009*; Fo.
Very commoi:, on diverse substrates (base of trees, rotting wood, rocks,

mineral soil, litter). 4

Brachythecium rivulare BS.G. PG: 212%; S‘C: 3809, Pe: 2186, GV: 1545.
Common, near creeks, on various substrates (rocks, mud, dead wood, scrap

metal).

j Brachythecium salebrosum (Web. & Mohr) BS.G. PG: 828, SIC: 716*; AG:
_507‘; P;:: 1852, GV: 1508*; MSP: 1312*, Very common, mostly on tree bases,
humus, rotting bark, and rotting wood near tree bases; isolated collections

> from Belula lutea trunks, mineral soil, and a rock near a creek.

- .
"Brachythecium starkei (Brid.) BS.G. s.s» SIC: 715% AG: 505*; MSP: 1211*.
o Occas—iy on humus, thin litter over rock, and mineral soil.

* Brachythecium velutinum (Hedw.) BS.G.” SJC: 875a*; AG: 550a*; Pe: 2100*;
MSP: 1801*. Occasional, on various substrates (thin humus over rock, partly
mineralized soil, birch bark on a rotting log, pebbleg in mineral soil).
3§ : : ) - .
. ) R ¥

P “
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il Brotherella recurvans (Michx.) Fleisch. PG: 401a; SIC: 845b. Only two
) collections, from rotting logs. - . .
: . S
?Bryhnia graminicolor (Brid.) Grout. "This species is mentioned by Majcen
(losxj for a sugar maple stand in Forillon National Park. 1  have examined
the specimen in CANM: it consists mostly of Brdchythecium erythrorrhizon, .
‘ but some'stems belong to the genus f;ryhma The small size of the plants,
. and the coarse,papxl!ne suggest B. graménicolor, but the ovate leaves with
plane margins and twisted apices point to B. novae-angliae. I have not

found B. graminicolor in my study sites. \

Bryhnia nouazvanylme (Su]l R, Lesq. ez Sull.) Grout. PG: 204; SIC: 834; AG:
536; Pe: 214.9‘ GV: 1580. Fo: see B. graminicolor. Common, on mineral soil
or rotting wood usually near stregms.

Bryum caespilicium Hedw. SJC 850c. O/Iy one, collecncn, I'rom rccently

disturbed mineral soil. e

Bryum capiilare Hedw. . MSP: 1825b. Only one collection, from the mlneml soil

of a shaded, eroding strcam' bank.

Bryum weigelii Spreng. PG: 3705a. Only one collection, from wet soil,"near a.

creck, | 2 \

Callltladlum Ixaléamanum (Grev.) Crum. PG: 245%; SJCTJM AG 618 Pe 3
1704*; GV: 1502; MSP: 1222, Fo. Very common, mostly on rolting wood; one . 5
collection from the base of & large Belula lutéa. The GV collection
constitutes the northern limit for this species in Nogh "America, but it ‘is,
known.from nearly the same Iatitude in Newfoundland (Fig. 5-8, p. 55). ol b

H) Campyluqm chrysophyllum (Brid.) J. Lange> Pe: 2144% MSP: 1320, Only two

collectmns, from conglomerate rock and from Lhe eroded bnnk of a stream.




" Campylium hispidulum (Bnd)M.u PG: 310a; SIC: 8§9*; GV: 1507; MSP:

1808. Common, on rotting wood, \rock one collecuon, lrom humus on &
slope.

Ceratodon purpureus (Hedw.) Brid. SJC: 850*. Only. one callectioﬁ, from
recently disturbed mineral sqil.

Cirriphyllum pili ferum (Hedw.) Grout. SJC: 895b. Only one ¢ollection, from

‘ soil near a stregm, mixed with other mosses. "

Dichadantiur’n pellucidum (Hedw.) Schimp. _PG: 2260, 228, GV: 1546.

Occasional, on rocks near streams, usually very close to the waer.

b -
Drltrnnell_n heteromalla (Hedw.) Schimp. PG: 246*; AG: 3908*. Only two

collections, from mineral soil and rotting wood adjacent to mineral soil.

Dicranum fuscescens Turn: PG: 243, SIC: 709*; AG: 615, Pe: 1820%; GV:
4109b*; MSP: 1008*; Fo. Common, & rotting logs.

Dicranum majus Sm. GV: 1555a; Fo. Only one collection, from humus on a

slope, near a stream. . ¥

Dicranum montanum Hedw. PG: 257*; SIC: 706*; AG: 697*; Pe: 2105*; GV.
1563, MSP: 1025, Fo. Very common, on rotting \\ood and tree bafls; a few
colléttions from trunks of Acer. sactharuin.

Dicranum polyulum Sw. Pe: 2118a; MSP: 1027, Occasional, on rotting Betula

lutea logs., %
P 1

Dicranum scoparium Hedw. PG: 2592; SIC: 806a*; AG: 654*; Pe: 1708, GV:
157f; MSP: 1231; Fo. Common; usually on rotting wood, but occagionally on

, . rock or mineral soil.

'Dicranum yiride (Sull. & Lesq. ez Sqli,) Lindb, P(_l..”d; SIC: 3805; AG: 560,




C Pe 1893, GV:_1417 MSE:- l!01 Common mostly as an eplphyte of Acer
N i Imrum, also a few-: cbllcchons from basés of Betula lulm and Acer
rubrum,-and from mm‘ng wood. e .\ ¢ /.
P g

/ Dxphynmm jnlmsum(Hedw)Mahr PG 252%*. Only ond collcton, from soff.

Dlh‘u‘lh/lﬁ\ puullum (Hedw.) Hempe 'PG: '247a*. Only one collecuon, from’
mmcrnl soil.”
Drepanocladus uncnmlus (Hedy.) Warnsl PG: 220a*; SIC: 720*; AG: 3909;
" Pe: '»‘4{27-1‘ GV 1540. Common, mostly on roltmg wood; a few collections
v _ “from tree bases, from a gravelly shore, and from seepy conglomerate.
7 " »
SJC: 809; MSP: 1104*. Ocgasional, on

Drummondia prorepens (Hedw.) Britt.
Acer saccharum trunks. The MSP specimen is the porthernmost record for

this species (Fig. 5-6, p. 53).
SJC: 89ia*; GV: 4114; MSP: 1219.

Eurhgnchium puichellum (Hedw.) Jenn.
Occasional, mostly on rock or mineral soil; one collection from humus at the

base of Acer saccharum.

Eurhynchium riparioides (Hedw.) Rich. - SJC: 825a. Only one collection,
submerged in a creck. ' R )
GV: 4117a*. Only one collection, from rock.

Fiasidena cristalug Wils. ez Mitt. SJC: 895a; AG: 659, Pb: 1716a; GV: 1535,
+ MSP: 1280. Corhmon, onvertical sides of boulders; one collection from

” ‘humus adjacent | IA a bouldar The GV specimen |s the }onhemmcst record
for this species in eastern North Ax?onos, but lc w repfmed frem Alnskn, and

/
/

Fissidens bryoides Hedw. a.l.

3 lcelnnd e
Ilcr:ugulla hn-/acea (Lindb.) Iwats.” PG: 242% SIC: 853‘ AG $906*; Pe:

4
. SN
T ‘




g . & | “ ey Lo

, L8
5 ?11‘0?‘;. GV: 1562*; MSP: Iﬂl'l‘t&ommon. on rotting logs, pnllicu‘lnrly thoke .
* of Betula lutea. E o~ 3 ;
Heterocladium, wdimorphum (Brid: ) BSG. GV: 1595, MSP# 15220; St
. “ w g ' Occasional, on itter or humus : ' s
. L e
v “ ; ‘' Homalia trichomanoides (Hodw ) B S.G. PG: 227a*; Fo}r\&ollecuons fiom a 5 o s
I :
single sne, ona conglomemte cliff. g
-

- Hygroamblys_lzyiur_n tenaz medw,) Jenn. Pe: 2137a*. Only one collection, from
a stream bed, with Brachythecium ‘rivulare.

Hygrohyprum lufidum (Hedw.) Jean. GV: 1548, Only one collection, from a ™

' ' & rock on the shore of a stream.
RS it . N & ” & - -
Hylocomium pyrenaicim (Spruce) Lindb. SIC: 803, Pe: 2119, GV: 1554; MSP
4218, Fo. Occasional, r?ost frequently on roumg wood; also on *ree bases,
N
. rocks, and litter. .
N
. @ylocomium splendens (Hedw.) BS.G. PG: 2905; MSP: 1926a. Only tivs”
P e colleqmns from a rogk near a stream, and from an eroded stream bunk &
both mixed w;th other mosses. T~ @ L .
Hylocomium umbratum (H&iw,) B.SG. SIC: 701 Pe. 21220; GV: 1550, Fo. .
L, Occasional, on mck romng wood, of humus.” 1y i
» et B .
o W
Hypnum lxmibergu Mitt. Pe: EIHIaA Only one, collecuoﬂ fram:the top ofa ,
i mmng  stump, ‘among other mosses, -, o < w ! .
; P ; " E N

.ﬂ num palleuena (Hedw.) P. Beauv: PG 297%; SJC 290% B: 870“9(1 550
Pe; 1830%; GV 1560*; MSP: 1221%. At least one specimin (870) i .s,m

! 3/ 29 - prnlubzmm (Br’ .) Aust, Very commun, mostly on rotting” wood or thv.- huc .
* “of treps, afew colleenons frqm tree trunks, and rock. * - ; )
. i .
P VO

[, 8




lsoplcrygwm muellermmLm (Schlmp ) Jueg. & Saucrb PG: 3719a. in}xmo

"> % collectwns\'fom the same site, n»seepy‘conglomernte rockl‘nce e
. % EENeN § e

Lep!obryurn pyn'/ot'mz (Hedw)wils Pe: 212& Only one collecl n, from lhe. et l‘,

oy charcanl and ashes of ai abandoned maple sugar “boi

R h«LeakuHu nervosa (Bnd ) Loeske -PG: 927,'SIC: 865, AG: 508, Pew&. GV:
s, B. o ¥ 1559‘ MSP 1007: Very common, 311 treg bases, and as, an'e

sacchnmm, two co]]echens from mnmg ‘wood. .

2 5 N -~

Leurodnn bmchy Bnd var anﬂrcwa! us Crum&Andv.-rs PG .970&\9.16
720, AG: 511; Pe: 1849 GV"lvb‘ MSP: . 1225, Fo. Very common "2 an

ﬂ eplphyte of Acer aucchurum -and occasionally Betula Iuleu

¢ 7 Mnium gmbiguum H. Mul] PG %2.9‘ SIC: 89*; GV 1544 MSP: 1321,
Common, on dwerse substmtes (rock, mmernl soil, humus, roumg wood base -

. of Acer saccharumy); often near streams N

Mmum margmalum (With:) Brid. ez P. B‘enuv Pet 2141b" GV 15766*. Only - oy

two eollechons, both near sprmg, on rock and on scra.p metal.

Neckeru penndﬁHedw PG: 3610u" SJC 728a*; AG 542a*; Pe: 1851; GV
IJIfMS&IWH* Fo. Common ok\bnses and trunks of trees. : £

\: Om:oplmrua wahlenb:rgu Bnd PG: .9494‘ MSP: 1824')‘ Only two collectmnq, s
from a rottmg log, and’ from mmerul soil, on an eroded bank -

o 2k »

LR Oﬂhotnchum oblum/olmm Brld PG' 844 AGH .9910, Pe! 4004‘ Qv: uoﬂa
:MSP: 1011, Copmon, on Acer sacchirum tmnks 1 hnve seen another »
Zspe@;men l‘rom a-locality very near my stand 'sic: Bellaud 6818a (N[‘LD),

édi

in packet, wlth Zygodon viridissimus,.*on muple, p
® ¥ > " “maple stand on’ Hwy 200, ca lﬂ km N of ﬁew Richmond.®
3, . - b .
* ’ ! T e
5 v



; T : Tow
& 2 o s
Orlholnchum sordidum Sull & Lesq. gAu:t PG: . 918%; SIC: 3805" AG
) ’51.9‘ 'Pe: J00IPGV: 1401%; MSP: 4211' Very common, as an eplph\te of
Aur Jattharum and ocnslona!]y Betula lutea. .~ '

\

Orlllo(mhum lpecwmm Nees ex Sturm (inel. m elegans (S:hwaegr er Hook
. ‘& Grev.) Warnst.) AG: 3916%; Pe: wsw hosq- Geeasional,on ™ -
2. Acer aaé‘:hammmka;— X A #, o= A o \
P Ceen Y T = s L

% : ) 3

Bt e
- Ozydlegus lenunr&gtru (Hook. & Tayl. ) Slee . .
; 0 J,\vc egllections, from rock. L

S \
§ g Y
/i . I’arnlem'obryum longi fo
Pé: 1836a; MSP: 12.

collcguons from bases of Betula lulm and Fnyua grandcjolm

m(lledw eske. . PG: 291%; SIC: 702>AG‘664a‘; *

Common, mostly on errnuc boulders; a few

& I’lngl'om)limﬁ ciliare (C. Mﬁll.) Kop, MSPE 1925«

3 Occnslonnl nsunl)y on -

i ~N 5 mineral soil; one collection fronfrotting wood. >~
es Y \
.. . ] |- TN ; b
Plagiomnium cuspidatum, (Hedw.) Kop.. PG: £58*; si&:-gor¥; AG: 534?;'?91 Ta.
o 17 1721% GV:'1501*; MSP: 1109*; Fo. Very common, usually on’humius oy NI Y
at bases of Acer saccharum, sometimes on humus in cncks of bark, as h|gl| up ‘

as 2 m; a few coﬂecuons I‘;om roumg wood mlnernl soll nﬂ rock

I l’lagmmn(um drummondii (Bruch & Schlmp ) Kop ‘Pe: 1724:1‘ Only one

: \cellecuon {mm the bark of a tottmg Iog

§ iy 4 I’lqgwmnmm medwm (B S.G! ) Kop. PG: .9710 SJC: .9811*

4120‘ Ccmmon, nelr atrennﬂ usually ‘on uoll one collection from reek and
one from dead wood, v . =




Plugw)l:ccm?wnmjohum (Bndﬂlwnts PG: .‘J‘mb‘ GV: 1528* Occnslolml on

‘e rock or mineral soil, near streams, - ©

i

Pluymtheclum denhculntum (Hedw.) BS.G. PG: 107" ‘AG: 3905‘ GV 1566‘17
MSP 1205; Fo. Occunﬂ;st I‘reqlleutly on mmng wood, u’nd somcumes

“on mmera] soil or bases of Ace? saccharim.

Plagmlhecmm laelumBS% "PG: 241* SIC: 854*; AG 6‘24" Pu 170.’,)‘, GV
" 1514*; MSP: 1216" Fo. Very commnn, mostly on rotting wood; o rew

" *collections from rocks. . .
eluyd:‘ézyh ‘subtile (Hedw.)-Crum. PG: 3518%;'SIC: 72}4 'AG: 520%; Be: elqm’ﬁ
- Gv: .1:5_11‘;-M5P_: 1024*. Common, on bases and trunks ofécer saccharum;

oo fe;w collec!.i:)ns from huri;us,, rock, and the base of a Tﬁuju'uccidenlﬁlis4

" Platygyrium repens (Brid. ) B.S. G PG 333 SIC: 823, AG 516‘ Pe: 1825; GV:
1434a; MSP: 1102 Very common, most]y on trunks of A.cer Mu‘hamm a K

/ew collections from bases of A. s;uculum, A.rubrum, and Betula lutea,

“+ Pleuroziun schreberi-(Byid.) Mitt. ' PG: 94.95, AG: 656b; Pe: ’1706 GV: 1524, Y

MSP: 1928, Fo. Common, mostly on rotting Ables balaameu and Eclula Iulea

logs, a few. coll_echons ‘from unidentified rotting logs, and one from-mineral
soil.. ’ : O 4 . ' )

A

Pohlia cruda (Hedw.) Lindb. PG: 2.’.’5b.'0nly two collections, froma | (8

canglomernle rockface.

.“-,

Ly Pohlla nutans (Hedw ) Lmdb PG 357 SJC 722‘ AG: 620*; h&ﬂ?{ GV

" §109a%; MSP:

" stumps; a few collecnbns frum mmeral soil.

06" Fo. Common, usunlly on mumg wood, especmlly nld

N -
Polytnchnalrum alpmum (Hedw\GL Smith. PG: 230d*; sic: 89241 AG:
.9925 Pe: 2139; GV‘ 15.79' MSP 214 Common mostly on mineral wn] a
few collections from rock, rotting .wodd\ nd humius;’
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Polylr’fchgllmm longisetum (l*iedw.) G.L.Smith. PG: 8701; GV: 1527a%. Onlg

two collections. from rotting wood. ' i

Polylnclmolnlm pﬂllduclum (Funck) G L. Smh SIC: 3803; AG: 3926; Pe:
2123a*., Occasional, mostly.on mmeul soil; one collection from rotting wood,
This species has not been reported previously from the Gaspé Peninsula or
the Maritime Provin\cn. Snt ‘most of the reports of Polyln'chum ohiosnse
Ren.' & Card. (lrelnnd 1982; La Rol & Slrmgvr 1078; Lepage 1944-43 'Ml]ceu '

1081) probably belong here. . Y
g s

Palylnc(mm ]umpermum Hedw. SJC 8925; AG: 516‘ P
Occasmnnl mostly on mineral soll one collectlon from r

5, - \-

A.vPh'l:'um m'sla-'culrenal'a (Hedw.) De Not. Pe: 2117 MSP 120. Fo.” -

{

Occasional, on rouiné logs, usually of Betula lutea.

Pylaisi¢lla 'l'ntn'cata {Hedw.) Grout. PG: 118% SIC: 806" AG 3901' Pe
. ©1855%. Common, on Acer aad’:hamm.hunks o Z \— ,‘ i

Pylaulc"a polynnllm (HJ‘W ) Grout. PG: 316*%; SIC: 807*; AG: 535‘ Pe:
A
1818*; GV: 1421*; MSP: 42024' Very common, usu:.lly on Acer aacclmrum
trunks; one collection from the trunk of a large Betila lutea, and one from

the base of Acer spicalum.

Pylmqnellu selwynii. (Kmdb ) Crum, Sleere & Anders.  AG: 530*; Pe: 184&1'

MSP: 4201a*. Oeculonnl on Acer aaccllarum trunks. - - ¥

o ’ -

R Rh]zammum appalachmnum'Kop PG: .9705‘ Only two collecuons, from wet

mﬂ and rock both near'streams. .. . 3 ,— 0

Rlnzommum mnpmfollum (Horik.) Kop.. GV: 1575. Only two collectlons, from

soil and rock, both in streams.
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- L L,
Rhizomniup punclatum (Hedw.) i(op. "PG: 214‘.; sIc: m!."o:é&ion;fon i -
Yo e L0 the mrgin ol stream¥on rotting wood or mineral soil. * -

" gmlu(le (R&HL) immia apocarpa Hedw. var. gmnlu
SJC: 826‘; GV: n\(Snl.v_swo collechons, lrom rock SN /

Tetraphis pellucida Hedw. PG: m' SIC: 34.9- AG: 625%; Pe: 1804*; cv )
1518*; MSP:.1220*; Fo. Very common, on rotting wood {especially abundant -
.;on old stumps). one collection from a rock ;d]acent to rottj ig wood. . ._ g /

= . % Thmdmm recagmlum (HevaLmdb ) (et 895a; Fo Only ol coll}mhcm !mm -
) “soil near” a'stream. Majcen (1981) reports the species. as an epnphyle in l.wo
Forillon National Park sugar maple stnnds

5 T 2 + 5
. * Tortella torluola (Hedw.) Limpr. SJC: 827, AG: 650; lse: 1718*. Common, ;rn L

“rock.
" “ Ulota coarctata (P. Beauv.) Hamry, PG: 3604a*; sJﬂ 821*; AG: 3908*; Pe: / Wr

~1848*; GV: 1426*; MSP: 1105%; Fo. Common, og Acer saccharum, mostly
. ‘above a height of 5 m; one collection from the tru of s large Betula lutea. o
e gt . . oty » 2 : i
> Ulota crispa (Hedw:) Brid. PG: 9504b*; SIC: 819%; AG: 518*; Pe: 1819*; GV:
1425%; MSP: 1106‘ Fo. Common, on Acem saccharum, mostly above a hught'
of 5m;a Tew collectmns from Belula lutea trunks, and one !rom Acer

splculum . ' & A 5 ¥ ] %

Zygndan viridissitnua (Dicks. ) Brid. I'havé n6tfound this s;ﬂ:\es in any of my
study sl!”,\ﬂlﬂ I have seen a specimen from' *Cascapédi /z aner vnlley, maple -1
stand on Hwy 209, ca 10 km N of New Rmhmond on mnple * Belland 6818a
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o CLASS HEPATICAE

Ariastrophyllum helleranum (Nee)Schuster.  SIC: 711a.\Quly one collection,

o ‘ . . g
o ﬁ-om a rot'ting log of Abies balsamea, S /->\\

o '4-
\‘A & B ' Rarbtlaphozla 8p. l hnve not found any lxverwon belongmg bo.tlus ge\;us inmy -
' A ' s su;dy sites, but Majcen (1981) reports B ha(chm (Evans) Loeske from two
sugar maple stands in Forillon National Park: “Lwas Ilnab]e to see the

spegimens, but most of the material collected by. Ma;cen in other forest typm;v

of the Park and labeled *B. halcheri* i is in‘my oplnwu B. chqpadwxdes
(Wallr) Loeske (specumens in CANM; ‘) Lt

an.anm lrtlabala (L.) ‘3 Gray. Majcen (1081) reports this specms from two
sugar ple stands in Fonllul\‘\l\atmnal Pnrk’l“hau _not-been able to sec the

specimens, but there is no reason to doubt the ldenmy of sich a *
. characteristic and widcspréad species.
= \ . ~
~—Ble ,.,‘. tri () Durfort.—F PG 2017 SIC: 7194; Au bssn Pe

2129 GV: 1568a; MSP:" 1204a*. Common mostly 'on rottmrwwd*a fow

collections l‘mm rpck, one from humus, and one from mineral soil.

A T .
Cephalozia lunull ,ral-a (Dumort ) Dumort Pe: 1813. Only two collections, from ,
Ne e, roumglogs “ 5 +

\+ Conocephalum conicum (L) Lindb; PG:'218; SIC: 9810, GV: 1576a, Occasional, '

near streams, on various substrates (raumg wood, rock, mineral sml ‘truck”

wreck)

" N Frullania eboracensis Gﬁtt PG"W SJC: 808*%; AG: 520, Pe: 182)*; GV:
: 1428%; MSP: 1038*, Very common, e trunk of trees. The species'is '
usually reglrd\ed as an eastérn’ & Y

+ from the Mongolian Repubhc by Abramov & Abrali\ovs (1083).
- % oz

¢

erican endemic, but it was reported
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poe - ;
i ® 4g 2" r o L g a
. Geocam'grauenlena (Schrad.) Nees.. Pe: 1705b; GV: 1568b. Only two
; _colleétiggs, from fottjng logs of Betula lutea. .
- e - & Fug . . Y ‘
g Jameaame!la autuninalisADC.) Sleph PG: 402\€JC 710 AG: 692 MSPx .,
I 12‘04(: Common, on rotting wodd. / ) | N =..

Jungemmmua Ieumtlm Grolle. Pe 2130, GV: 1564a‘ MSPl 199‘0

}nmernl so:l
13

sty .

o] gion usunlly tt Bwrmd,,nne

e
. '

chldozxa reptans (L. ) Dumorz SJ(J 8“, Pe 180311 GV
T i _on rottmgwood V ;

525, Fp. Oceasional, - _'{

N . N v . o
Lophacalen helcrﬂphyllu (Sz-hrad b Dumcrt PG: 321 SIC: 876" AG: 304, Pe;’s AN
1711*%, GV: 1557, MS#’IUM Very common usua!ly'on roM.lng wood; some /- :

collections from mmeral soil, humus, dend bark, and an expuscd root of Acdr

: ancchdxum . : o : ) &

z N 5 \ YO s P
;‘“—x—mﬁanﬁmﬁm SJC851; Pe: 2126a Only two collecllons one from
R ) 1 wet freshly disturbed mmeml soil, and the other l‘rom the nshes and chm‘conl

of an ahandoncd mnple sugar bol]er " A L '_

‘ - o |
. Mel:gen’a furca 3%L.) Dumort, Pe: 2101b; MSP: 1008. Occasional:.two

collections from Acer saccharum bases, and one from the vertical side of a

boulder. : o o Lo

. o | ' >
Nouwellia cutvifolia (Dicks.) Mitt. PG: 922, SJC: 711a;-Pe: 1705a. Occasional,

o R on rotting-wood.
-

: ' . . 58
" Playwchtln parellmdza (Tom-.y\u Nees) Lindenb. PG: 205b; SJC 832 Pe 2149 ' e
. G 1543 MSP: 1319. Common, usually nenﬁtrenms on vafious substmu.-s

> (rocks; mineral soil, humus, base of trees). )

" .Porella platyphylla (L) Pfeiff. PG:"820% SIC: 7286*; AG: 3025, Pe: 1831; GV:



collection from tX ﬂnk o[ a Iargg Belula lutea. The GV.collecuon is the P ¥,
.. =
R northernﬂost record for chxs species in' enster!i‘North America, In Western™ . N

North Ame}r}ca, this transyontlnentnl species occurs as far north as sou_thm

" 1700 8V 1515% MSP:
. . " . trunks and/or bases of all tree species. gt v

.Radula'cnmpl&nnla (L.) Dumort. PG: 260, SIC: 820%AG: 510%; Pe: 1859,'QV:

i " 1404% MSP: 1012*. Very common, on Acer sacchnrumzfu'uks; one collection

from a Betula lutea trunk, and one from the base of a

uja-occidentalis.




List of Gaspe sugar ma.ple forest R
N bryophytes’m each distribution group,
; }' .- with a ‘summary ‘of their Eurasian’ 7

: i dlstrl tlon
: /

The distribution gl&\ups are defined p. 24 Eumsmn !)li’tion is derivid

0
l‘rom the literature (see paﬁe 23). The l'ollowmg abbreviations are used: Eu,

A

g Europe CE, central Eurasia; EA, éastern Asm Greenland is considered pnrt of

North America, and Svalbsrd is considered pnrt of Europe. Species prcceded by
b
:m asjensk are endemic.to Nor\th Awrlca Xn each group, the species are in

alphabenca] order, but.| hvevwdrts are llsted separately after the mosses.¢

: f A’ZONAL SPECIES - ] z e R
¢ © . . Transcontinental: " \ . B ] .
. | Amblystegiuri-serpens | Eu cts' EA V(r \\\ -
W Amblystegium varium "_ Eu. CE Ejf . . -
L Barlrumla pamx{urmw “ E£u . ' CE EA ' g ‘ ~ '
‘;) . Brachylhecmm plu;noanm, ., Eu v CE - EA’
. ‘Brnchylhzc(um '{zu!arc < Eu CE . EA
; & e / \Brnchylhe:mm ealebraaum # £ 8 Eu‘ ‘ CE F EA :
" ‘éryum caespiticium ' i;:u 5 CE EA v |
/ ’um capillare I Ed- (3;7 i El\ g y s % ~




D:lcrnnum.ucopﬂ‘riuni | Eu
it 3 "

Ditrichum pusillum / .. Euw

"' EurRynchium pul:hellumz . Eu

" Fissidens b;—ﬁidea | . Eu

’ Hypnum. lfadbergii Eu

Hyprium palﬂﬁ-dcena. B < Eu

o .

Leptobryum pyri forme _"Eu "

g t X .

Mnium ambiguum. - . ‘Eu

i ‘ L o= .
s M}u‘ﬂ’r’n marginatum .Eu

L4
. - | .
Cumpylium chrysophyllum =~ Eit
= 3 I
Campylium hispidulum Eu .
s N \ .
Ceratodon purpureus T - Eu

-
_Dicranum montanum = =/ .~ Eu

*Plagiomnium ciliare

Plags'omniumcu;wl'dalum A \Ek

ol Plagiominium medium . Eu

/ . Pohlia nutans J y Eu

inum . Eu

Polytrichum jﬂnl")y
. Tebaphia pellucide ' . Eu
. t

Thuidium I;GCDWHHM Eu

szﬁhuh‘:zia‘ lun}l:ifolia - Gn ‘_ K

'Jamgsom';llb autumnalis . . Eu

CE~~FA
‘CE ER
CE  EA
CE EA
CE EA’

“GE EA
CE " EA

"CE EA
CE  FA
cE EA
CE. . EA
CE EA -
CE EA

. -
CE EA
CE . EA

' CE  EA
CE - f;A
CE. EA
CE ™ EA,
CE EA
CE EA




5 : 5
Marchantia polymorpha -
Plagiochila porelloides

Radula complanata .

Disjunct;” *

Diphyscium fPliosum . .

O/‘:;js tegus. tenuirostris

. Plggi&lhecium cavi follum
.-

Pylaisiella selwyriii
/ Pylaisiclla ac

A

/ ' BOREAL SPECIES

Transcontinental:
¥ Brachythecium reflezum
" Brachijthecium velutinum

Bryun‘l weigelii

Dicranum fuscescens '

. Dicranum paly‘az)u‘m

] ’ Herzogiella Iur[ﬂcea
Hygrohypnum Iun'dug’n
Hy]acﬂmiym apl‘zngg‘na .

ng_keella nervosa

‘Dichodqatium pellucidim

Drupan‘acludua'qncl'natua.‘ .

-Eu

- Eu

Eu

Eu

Eu

Eu

_Eu

i' Eu

‘ Eur

Eu

Eu ,

Eu
Eu

Eu

.Eu

CE

CE

CE

oe

GE
CE
CE
CE

-CE

eE

CE

EA

EA

6




i TALY . e LT ] o 8 . 07",
7 Neckera pennata . "Bu CE EA' . R
) Oncophorus wach‘knbzrgii . Eu € EA - . o=
) Orthotrichum obtusi folium Eu © CE EA i
Y &\ Orthotrichum speciosun . Eu CE EA:
s S . - e Yo
A ) ﬂf’arulzu;tfbryum lfmgc[ollum ,.Eu CE EA « -
e " Plagiomnium dru_mmondii— Eu JGE- EAy . 7 T S
e Plagiafh_e‘c;'um d:ﬁh’culal_um‘_' _Eu ..;E EA ,
: Plfgiothecium lactugn. . . Eu CE = EA. . P )
Pleurozium gcﬁrebeﬁ : Eu CE ° EA' .
Polilia eruda . Eu ‘CE EA  *
- 5 . . . k ~
( .. Polytrichastrum alpinum . Eu CE  EA :
S Polytrichastrum longisetum Eu CE  EA- - *
-Ptilium crisla-castrensis ~ Eu CE " EA % b
Pylaisiella polyantha - ‘En CE. EA-~ ) T
T i . P -
Schistidium gracile ‘Ew CE EA e - 2 :
Tortella tortuosa . Eu - CE .EA s 3
a ;i .
qu‘;;mraaloma chhop)lg}llum Eu 'CE 'EA ( . ' e
. Lepidozia reptans™ . .- ~ Bu  CE . BA - s '
_ Piidium pulcherrimum - Bu CE EA .
Y * 2 ’ » X = —
. 4 v g
‘: R N Disjunct:

L B'm’cﬁﬁlu;:x‘u_m eryllimrrh;'zgq-‘: Eu _CE._ ‘EA

: Brachythecium ud;'po}i{um




. ,_\I “
o e = 3 . B ¥ &
Brachythecium qlquci Eu
5 N k ~ x B
D-'tmnum.ma{m s Eu *
»” szlemcladmm dxmorphum ~. 7 Eu

B Hylocumxum pyrmnl:nm 7 Ea .

laap!crygwm muellenanum . Eu

Orthotrichum a.'mi-'&u;n <" Ea
b,

Rh-zommum Ma fnl-‘um & ‘.E}u

A L}
e Tswmz;ﬁ'spscms s B
s uustern
v
Aﬂacgm-ptodon nplachnmdu o Eu
i Anamodap attenuatur : Eu
> . g 3w T E a &
Amvmodon rostralus < Eu N S &
G - Anomodon rugelii-, : Eu , +« «EA - - .
- i R b i N : . K " d o« ¥
i * "Alnch‘r:n allzvl'nlnlum Y i~ e o J .
A * R v &g * il s
" Brotherella recurians ' fa - .
'Drummondw prorepeng , 2, S5 v - & o %
Or!!mlrichum slellatum ::'1 Eu’, Lo ok W ke N
» .,Elalygvﬁurf- repens: ° A Eu? CE EA e \
B G, .. - =Y W
| Frillania eboracensis - * . . . ° EAM*.. N
i Nouellia uri folia CBu @' BA S, - L7
t, . e 8 . 5 o * g .
g 2 = 3 ’ i
% 2N : - . 3 W
: § . h ¥
*3 2 oy . - .
B . - -




. - e ' ¢ '}..", a 9
bagjuneg: T “
-
; Br][’lﬂ.l'll novae-angliae ' ‘Eu <> EA
- Clallicladiifm haldanianum Eu ' CE FEA, B fy
el ‘»;lrhynthium 'ré'par'.'aide:s v Eu. CE BA . L -
e M e cribtate - _EA -
Homulm trichomarioides EA © N * X
_‘ N :..‘Leucndan bmchypua R ; . ’
| - Pylnwulla mmcala #a o EA
i, s lIIu.Dmmum pun:lalum "Eu ’ . “ ’ «
o Gebqalg}z g;aueoiuna E _‘ Eu 'EA
\‘: % Junyerﬁlr;nnia leiuntﬁa . . © Ew ~ ,
‘:' yetzgzrf‘z"fu(caiu d o En CoEA .
Porella platyphylioidea i E\l
- v e . 3} . )
- Transcontinental: : e
N “‘ ) . chmiullu heteromalla Iv . Eu CE ¢ EA'V: ..,; /-'4
Hygroamblystegium ténaz - R OB EA
:\ ] 3 : c : v :
anocep{mlum conicum ° Eu " CE : EA r

Lophocolea hiterophylli, ... Bu: ' CE EA

Porella platyphylia " Bu . CETEA




ECOTONAL SPECIES - % v . ;T

Eastern: ' CE i . .
b Lo :

5 . Cirriphyllum pili ferum - Eu CE " EA
Dicranum viride . - Eu EA
.Platydictya sublile - . _Eu 4 EA .

. myu@f;:mm}amdmmm \Eu., | BA.

S WRhizomniumtippalac

" Ulota crispa-

.« Disjunct:- ¢ BEEYS oo 5 ¥ 5 o

* Brachythecium populewm ** -~ Bu  GE - EA [,
Hylocomitum'umbratum  * Bu CE - EA- =" o o
Ulota coarctata . Eu’ ,__/{ ol s $0 _, o

Anastrophyllum helleranum, - Bu’~ CE .. EA’
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*° . Appendix D~
Statistical testg o

* For the: following' contmgency tablcs, I used the chi-square method descnbed 5
in Mlltun & 'I‘sakos (1983). and 'a levél.of sxgmﬁcance a= 5%

D.l. ;Assui:iation l;etweén distiiliutlon 'groupb and abuudpﬁce

B o " Both nfosses and Iwerworts were used'in ¢his test, but ecotonal specles had

to be excluded, because their smali,number causéd more. than 209 of.the
. expected frequencies to be less than five. _The abundance ‘classes were defined
% 5 i pB i : 2 ' )
Null hypothesls The propoﬂmn of rare, m:casmnul common, and very
' common bryophytes is the same in azonnl boreal and temperate graups

Rafe .Occ. Common V. C. TOTAL

. Azomsl, 17 8 Cie 8 a7 "
. —_ . Pt . 4 A -
w0 .+ . .Boreal - 12° 71 10 8 39 -
g Xy sk .. Temperate 9 9 5 5. 8 " )
/ i L e e % i
§ T % . “ e 5 i z
: . TOTAL .: 38 - 28 23 a7 104
. \ % The marg‘mal taluls are used to campute the freq\xenqes expected under the
g e . null hypolhes Nt .
4" 4 - Y
S et . gl
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Rare Occ. - tommon (V. C.  TOTAL

Azonal - . 13.52 9.26.. 8.18 ,8.06 37
. —
Boreal 1425 9.75 8.63 .38 . 39
Temperate 10.23 7.00 6.19° 4.58 . 28 *
TOTAL, - 38 28 23 17 104

L An "obse}vaéio'nnl c’hl—squarc" value of'3.784 1) obtained, which is luw'cr

tha xi,s(sj = 12.592; The n'u'll hypothesis cannot bé rejected, at a si
levfl of 5%. ot % SeE N

’D 2 ,Assocmtlon between dlstnbumon groups and l‘requency
W, Both mosses and hverworv,s were. used bitt in order to make' the expcctod
frequenues Iurge enough I'or this test, ecotqnal species were excluded, and only
thu-e I‘requency classes were used: specll'g!ound atonly 1 or 2 sites, species found
at 3ord sites, and specles found at 57 or !l 16 sltns "

Null hypothesis; Thclpropmtion of species found in 1 or 2 sites, in 3ord
sites, or in 5 or 6 sites is-the same for the azonal, boreal and temperate . *

distribution groups.

12 3-4 56 TOTAL 4
Azona 20 8 9 a7 :
Boreal 16 8 15 39 -

. . A -, 5
.

13 7 8 28 ~

TOTAL 49 23 32 104
¥ & - .
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* ge marginal totals are used to compute the frequencies expected under lile
+nill

ypothesis: . ‘ : "‘\

1-2° 3-4 5-6 TOTAL
-
Azonal 17.43 8.18 -11.38 37 t
Bogeal 18.38 8.3~ 12.00 ' 39
e . Temperate 13.19 6:19 ,8.62 ) 28 . e
: L momaL 19 \32 . 'mL PSR g B
: .An 'obsurvnuonsl ch!-square' value of 2.14 s obtaitied, which is lower ihnd
) xosld) = 0.488, TM] hypothes:s cannot bv.- rejected at aslg‘mﬁcnnce level of 4
) 5%, . !
D'.S., ‘, § jon b - distributi groups And feruhty J : k
. 3 4 4
=t ., - Only. mosses were used in thu test, since liverwort ‘sporophytes are very

short-lived. Most moss sporophytes will remain on the glmetophyle year-round.. .
and would-be noled dnrmg the field" seasons. . °

Null hypothem The proporuon of stenle l‘d sporophybeprodncmg mosses

is the-same in all distribution groups.

P Sterile - Fertile . TOTAL
- Azbmal e .8 : 28 _ 32
‘Boreal ' i 13 _’ ) 23 C . ¥ i ‘\‘ 5
. Temper: . ’.‘ [} | (— 13. ‘." 19 i / 2
e & Ecsbeml ) & g . .8
o R e s B s o
¢ Y TOTAL - 0 - .66 g8



' including tree bases; (X) dead orgamc sitbstrates, i.e. rotting we

& o 104

‘

The marginal total (;re used Lo?mnpute.‘lhe frequencies expected \md_‘er the

null hypothesis:

)

Sterile ~ Fertiley . TOML
. el 4

Azonal 10.00 22.00 2
Boreal .. . 1i.26 24.76 38
Temperate '\ 5.94 . - 13.08 19,

Ecotonal N F _2‘-,5,1 r GAN 9

L TOTAL . ta . oesc . es

% ﬁ.nibservmoml chi-square®
x%5(3) == A815. The null hypothesis canhot be'rejected, at a significance level of

5% )

n
.y ¥ -
D.4 Asmcxaﬁon between \dlutrlbutlon groups nnd mam substrabe

Both mosses and Ilverworts were used in this test, but in order to make the

e‘(pected frequencies large enough for this test ecotonal spec\es were excludéd

_and main substrates were grouped in three classes: (E) bark of ln’mg trees,

d,- humus, and

litter; and (M) mineral substrates, i.e. rock or mineral soil. Specl S wnhmn a clear
: mni‘n substrate were excluded.

groups. =

._alue 6( 78 s’obiniueq, which is lower llvm‘n‘ g




E X M TOTAL
| Azonal [ 8 - 21 ‘3
Boreal 6 18 -1i 3 ’
T 1 7 7 26 o y
-mp-n: : & . » i —
1 o -4 —_— —
3 L
TOTAL . - 23 3t 39 93 =

The marginal totals are used to compute the frequenciés expected under the 3

onull hypothesi;: o 1 g ;
; ' JEX v o
Y Azonal 8.68 11.87 14.68 36
Bon‘.l ) é.l_ﬂ 41.00 13.54‘ \ 33

Temperate -6.18 8.33 10.48 N\ 25

5 . Sl

TOTAL 23" 3t 39 03

An *observational chi-équ'are"vnlue of 13.25 is obtained, which'is higher :
than ".206“) = 0.488. The null hypothesis is rejected, With a significance Ie\‘{el_o{ \

5%. R ”
















	001_Cover
	002_Inside Cover
	003_Blank Page
	004_Blank Page
	005_Title Page
	006_Copyright Information
	007_Abstract
	008_Resume
	009_Acknowledgements
	010_Table of Contents
	011_Table of Contents vi
	012_List of Figures
	013_List of Figures viii
	014_List of Tables
	015_Chapter 1 - Page 1
	016_Page 2
	017_Page 3
	018_Page 4
	019_Page 5
	020_Page 6
	021_Page 7
	022_Page 8
	023_Page 9
	024_Page 10
	025_Page 11
	026_Page 12
	027_Page 13
	028_Page 14
	029_Page 15
	030_Page 16
	031_Page 17
	032_Page 18
	033_Page 19
	034_Page 20
	035_Page 21
	036_Chapter 2 - Page 22
	037_Page 23
	038_Page 24
	039_Chapter 3 - Page 25
	040_Page 26
	041_Page 27
	042_Page 28
	043_Chapter 4 - Page 29
	044_Page 30
	045_Page 31
	046_Page 32
	047_Page 33
	048_Page 34
	049_Page 35
	050_Page 36
	051_Page 37
	052_Page 38
	053_Page 39
	054_Chapter 5 - Page 40
	055_Page 41
	056_Page 42
	057_Page 43
	058_Page 44
	059_Page 45
	060_Page 46
	061_Page 47
	062_Page 48
	063_Page 49
	064_Page 50
	065_Page 51
	066_Page 52
	067_Page 53
	068_Page 54
	069_Page 55
	070_Page 56
	071_Page 57
	072_Page 58
	073_Page 59
	074_Page 60
	075_Page 61
	076_Page 62
	077_Page 63
	078_Page 64
	079_Page 65
	080_References
	081_Page 67
	082_Page 68
	083_Page 69
	084_Page 70
	085_Page 71
	086_Page 72
	087_Page 73
	088_Page 74
	089_Page 75
	090_Appendix A
	091_Page 77
	092_Page 78
	093_Appendix B
	094_Page 80
	095_Page 81
	096_Page 82
	097_Page 83
	098_Page 84
	099_Page 85
	100_Page 86
	101_Page 87
	102_Page 88
	103_Page 89
	104_Page 90
	105_Page 91
	106_Page 92
	107_Page 93
	108_Appendix C
	109_Page 95
	110_Page 96
	111_Page 97
	112_Page 98
	113_Page 99
	114_Page 100
	115_Appendix D
	116_Page 102
	117_Page 103
	118_Page 104
	119_Page 105
	120_Blank Page
	121_Blank Page
	122_Inside Back Cover
	123_Back Cover

