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subfossil seconds s in the sums geagraphic ares as exmnt seconds encept for ons in lowa
and ancther in Ohio, both of which lis south of ths cursent range.

Swface waser of foms in which Mecala Kiguates occurs gencrally has high: pH (6.5 -
7.5) and high caicium concentrations (30 - 60 mg-1-1) and veries significantly only in
difforonces in water quality ase ovident among fons along the gradient, alihough thess
differences may bs sesubis of yemstly clismtic veristion.

Overall morpholegy and individusl mosphological chasacesrs of Massis Kiguem
vary sigaificamly with lntissds and ths varistion is subsmantial encugh 1 allow
segions.

Aﬂﬁ_nmﬁ# E:_#
hu“ﬂ*iﬁﬂ“hﬁmi—m
scwuphesstically demscisble grnstic divessity in Massls Sigeatm

docsenses whh lnthade. gghﬁﬂ‘_ﬂh_d



@versity (0.151) and identity among populations (0.9 - 1.0), comparsbie 10 many vasculer
plants and anismal species. The genctic diversity of samples of a population is proponional
1 the diversity in the whols population and the genetic distance betweon samples and homs
populations decreases with Inticade.
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exhibits in morphology, growsh rate, and geactics. | suggest that if M. Kiguens evolves
M.hhmhhﬂ“»hmmwmumlh
poseatial for evolution.
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populations, or as Crum (1972) wrots: “snmoving Sphinxes of the past”, that have not
uadergone adaptive radistion or evea random geaetic drift 00 render disjunct populations
taxonomscally different from the rest of the species (Anderson 1963; Crem 1966
Cummins and Wyast 1981; Dewey 1989; Krzakowa and Szweykowski 1979; and
Szweykowski 1964). Fusthermore, many bryophytes of disjunct populations have
become non-sexual which decseases their chances for evolution (Loagion 1976).

Thisd, many bryologists belicve that the slow rase of evolution in mosses and
liverworts is chiefly due %0 the dominant haplophase in the bryophyss life cycle. Diploids
have the evolutionary advantages of incseased geastic variation due 10 hetesozygosity, the
ability 10 aquire sustations twice as fast, and the sbility $0 mask deloterions secessive alloles
(Innes 1990). Haploid organismes, on the other hand, ase believed 10 have low genstic
diversity becanss a slightly deleterious mutation will bs swongly selected aguinst in the
gametophyse stage, and since mustations that ase deleterious in one eavironment may be
advantageous in another, the chances of adapting 10 sew envisomments through mutation
alone are seduced (Crum 1972; Cumsming and Wyast 1981; Danicls 1962; Innes 1990;
Krzakowa and Sweykowski 1979; Loageon 1976; and Sweykowski 1964; Yaseazaki
1981). k is difficult 0 tet this theory in mosses becauss of the slow growth rats ,
however, Paguin and Adams (1983) found that diploid yeast evolved 1.6 times faster than
haploid yeast. Although mutations ass moss often deleterious, an advantageous mwtion
in a2 haploid organiem would bs selected for swongly, and any msutation thet was aot
selected against may sepsoduce mpidly i mosses though vegetative repsoduction
(Andersoa 1963).

Fowrth, becanss of their small stasuse and selatively seswriceed niche sangs,
bryophyts species ass thought © bs subjected 0 very fow asw selective pressases (Cum
1966; Cammins and Wyut 1981; Dowey 1905; and Longton 1976). Mossss can aveld
macso-envisenmentel chengs becauss they ass well sulted 10 specific micso-envisonments,



thus they avoid the pressures which ase emsried on larger plants though geologic time
(Anderson 1963; and Crum 1972) or presumesbly over lasge eavironmental gradisass such
as changes in latitede. Supposedly becawse bryopliytes are not subjected 10 new selective
mkybuuﬁp%hahywnhnamm
potential.

Finally, bryophytes have a particularty short geae flow distance which is thougit
10 increase inbreeding, reduce scxual recombinstion, and reduce the rate of evolwtion
(Anderson 1980; and Cummins and Wyast 1981). Sperm require a continuous film of
waser from antheridium 10 aschegoniam 0 achieve forilizstion. This provides a
mmmomwummmmn
dicicous and phyllodicicous species which ase, by defiaition, obligate owtcrossers
(Khanna 1964). Sc-m-.ﬂlmhm“-c-nvdbym
antheridia in splash cups, but even this mechaniem increasss gons flow only © & maxisem
of spproximately 15 cm (Wyast 1962). Potessially, sposes can welk into the upper
astmosphere and be carried for 19,200 kilometers or moss (Loagson 1976). Although long
range dispersal may bs hindared by the sizs of scms spoves (larger then 25 jam), poves
muwmmna—nmmm-ﬂmmn
M»mmnnmmmumw
d“Mhmpﬂy“dhm“ﬂm
dmaqnuvd“d“lﬂl:bml”;ﬂlhlmn
wummmwmummlm

wmtu.-m*d—ﬂndnm
-ahumpdbaﬁ.wb“n"m
1960). wdw#-mmhﬂ
wﬁm#hdb‘t-h-ﬂcﬂﬂ
(O-MbMI*MMMdﬂM Inboseding



and vegetative sepsoduction lead 10 seduced gone diversity which in tarn reduces the
spatial, or ecological seproductive isciating mechenisms can affect evolmionary raes
relative 90 moeses of lower lntitades, and possibly thet populstions of mosses in the north
will have lower genstic diversities relative %0 their conspecifics in the south. Geaetic
varistion, and varistion in growth responsss.

the bryophytes. Crum (1972) went as far a5 (0 say that m0eses ass "evolwtionary falluses”

Variation is the fusl thet drives all evolutionary processes (Swarns 1999), thessfors we
must investigass variation in sceal bryophyts populstions 10 determine whether or ot
bryophytes have ths potsatial ©© evoive. Varission dus ® nataral selection is most evident
along caviscamental gradisnts. For this stady I have chosen 2 long environmental gradient

The lstitudinal gradient
The eavisonmental gradient from tomperats 1 poler sagions hes long insssested plant
complexiey give ample eppertunity to study plant seeponses o covisonmental stlasll.




wu.mwmmmmuuu—mu
mnnmwmmﬂnﬂmwm Low
mm.unhwmddwdhﬁm
is an indirect offoct of the harsh climate. Low temnperatases, low sunient sveilebilicy, low
mum.unmmmnmuqum“
plant growth in the asciic (Billings 1967; Bliss 1962; Chapls 1983; Sevile 1972
Weilgolaski 1980; and Wasvea Wilson 1966). Sevese asctic conditions, however, may
mma-m»mnummmo-hm
uumamhqu’“muuuum
Mh-ﬂlﬂm'ﬂmwhwhwn
(Weilgolaski 1980). Mhmwmmm
mwnnuwwmaumﬂuﬂuu
uhm—wmm Tn addision, the asctic climas is mose
vﬂhnbﬂhiﬂ““d“lﬁl&l&lﬁ
et al. 1973 Savils 1972; and Warsen Wilson 1966).

Ecelegy and patterns of varistion

Ia addision % invessigating the petterns of varistion is Mensis tiguaa (Rickt.) Acagess.,
ﬂﬂbﬂm.“dﬁudb“hmm
and Gresniand. 1t is imporeant v undersand the fall biology of the stedy species befuss
setting out on explomsion of iss behavior sloag & letisedinal gradient. Oucs s ecology and
Gioutbution of ), siguasen has bosn cutlined in the first chapeer, petterns of vasistion i the
mde.—udbmﬂhwun
mduduwlhuunhuu-u-dnu-h

bryophytss.



1. Habitat.

concentration from oligovrophic bog 10 minesowophic extrome-rich fon (Schwintsor and
Tomberlin 1962; Sjors 1961; Slack et al. 1900; and Vist and Bayley 1984). Gorham and
Pearshall (1956) stated that conductivisies ase uwemally sbove 70 1S in fens and below 70
HS is bogs and thet autrient lovels are higher in fons than ia bogs, however Swintaer and
fons than i bogs and the lewer group have suggested that it is the waser flow which
water.

No specific iryophyws species distribusions have besa directly Naked ©
eavisonmentsl perametsrs (Bvown 1982), but various studies have been mads 0 determing
“qﬁﬂqﬁ—ﬂ_ﬂ-ﬂ—ﬁ sonments (Vie
and Mg concentsations as well as soil tensuse and water lovel (Viz et ol. 1906). The
species composition of peatiends in the Netherlands have changed dus t0 decvenses in Ca
in the surface water which indicates the senshivity of pestiand species ©© water chemierry
(Wassea et al. 1909).

Water chamisry can have substansial offoces on the mosphology and growth of
thasteginm tipacisides (Fledw.) C. Jons varies in sins, loof lengsh,

”“ﬂﬁﬂm(ﬁd“m Lhm



species dopsndont. mniﬂﬂm‘ﬂﬁhﬁlﬂ_ AOR
bogs in the Sowth Penines, U.K. and the failure of wansplants thess is dus 10 elovased
aicrogea and phosphores lovels in addision ©0 elovated sulphr lovels in precipisation.

In hor 1962 work on bryophytes in selation 10 siche theory, Slack defined the
realized niche as the ecological space in which a species can exist lmited by physiclogical
pH, Ca, and Mg ase imporeant in niche ssparstion in Sghagaum. Slack (1962) swted that
the realined niche can changs from locality o locality becanss of the changing demands on
variation in surfacs water chemslenry of fens in which Messis miguea occuss along sa
arctic-boves] gradient, 00 determing whether the chemical aspect of the nichs of this moss

2. Morphology

Morphologicel varistion in plasss, dus 10 genotypic vasistion and phenotypic plasticiey, cen
“ﬁ“ﬁ“ﬁyﬁ#ﬁﬁm
indicasor of evolusionary posential in the long-sanding debate on the tats of evolution in

mesphologice character in & plant is associessd with a plasicity chasscesr
which vasiss 83 & fanction of enviscamental signeis; the selationship betwesn cavisenment




1979%; and Schofield 1961). u-n‘-uh-uymm
muumdnmuhmﬂhﬁdq‘m-i
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mhummmuummmmn Glians and
un-—amu-wdmh-u-wnwu-
tcmpesatuss geadiont. denmumdehumh
ma-u-n-—-u_u-c-u-ow.)udu.
ﬁwnmﬂnum-m Thees
w.d-numn“.-h- 1009 60° S in Auswalia cad
New Zeslend. Schiusheisie -ﬂmﬂhmh‘-ﬂtt“
cuu&‘cuwuuup—n Bach of thess
hwes conganens enhibiied dffessat passems of morphological verison (Via 1969).
mwu—munawwh
bryophyws along laisadinel gradieass. ““M&m-ﬂb
mw*--—-wu Subepecies gigantasn
mﬂmumhﬂmd“”hﬁdmh
M“M“MM)P&.&-‘“J
wesline, lashs Gisuliiuses. mw*nmu_ﬂ
chansiialle in seany chasastess.
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#9°w 76° N. lﬁﬁi‘:m#—-ﬁcﬂﬂii—mﬂm
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Longson (1981) grew populasions of RXyum apantaum s Fladw. colleceed from
pﬁ __ﬂﬂhﬂnﬂiﬂﬁ-ﬁiﬁﬁﬂ-—ph

ﬂ“h*i#ﬂh__“-ﬂ
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3. Growth
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Andrews wes found 10 be move productive along sseam banks then on hill sides (Claske et
al. 1971). Finally, Hylocomaus splendens shows great morphological diversity from a
gigantic west coast form 10 & Sendrs from which lacks the chasacteristic stair-sicp fronds
(Viu 1991).
plasticity. Ouly thess sorss of experisscnts can be weed (0 interpet veriation. For instance,
in grecahouss experiments, Birss (1957) found that moss growth forms wess

ironmentally induced, not geassically consolled. Longson (1974) found thas
#ﬂthﬁhl“d mvisonments slong & lntitudingl
gradient lost morphological diffessnces when grown in & conmmon gesden . Similer resules
wers chiained with Brynm szpantenm (Longsoa 1981). Hs aleo found the antesceic
nﬂib_ﬂﬂ:pﬂnn*pi

and Racomsischums lesnginasus (ledw.) Beid. and found that photosynthesis incesased in
“U*‘ﬁ_gﬁﬂﬂﬁﬁﬂh
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h:ﬂ#ﬂi:““hﬁhhum
This moss is subject © a variety of cavisonment conditions over iss exmnsive rangs. The
uﬁﬂwdﬁmﬁ“miﬁ—bﬁbm-ﬁhh
is a resuk of a plastic response © an cavisonm al gradient or a resukt of gonstic varistion
due 90 natural seloction.

Evolution is based on changes in geas fregqe acics and 90 it is st gene froquency that we
analysing the clactric mobility of sokuble protiens 10 compass the amino acid composision
of protiens 10 detarmine the degres of genetic diffesentis a between individual organie a
(Hofmen 1968; and Swbbins 1989). Isocymes and aliosymes ase expressed as bands on 8
Weeden 1989).
“mﬂnﬂshhﬂdpﬁiﬂh
mhﬁﬂ*ﬁ-ﬂjbhﬂﬁhﬂnﬁ
hn—ﬂ“#ﬁ—y.ﬂﬁiﬂp—i Soven of
llﬁn_-ﬂihﬁm_iﬂ-qh&#




of variasion is at the local level whess diversity was higher than at the world level because
d-ﬁymalh(!-;hﬂlﬂﬂa

pcwophossis has been used in taxonomic investigations of the genus Pellia.
ﬁﬂm(lﬂl)ﬁzﬂmhdgﬂd—)m-phiﬁa
mﬂa-m_imm). Possibly the descrepancy in
ﬁnﬂ--ﬂﬂm—m_ﬂqmnhﬁ-m
nonspecific enzymes which often produce many loci leaving these systems difficek 0
inserpret; also the activity of thess ensymes ass known 10 be affected by enviscamental
conditions (Wyast et al. 1909). N pesoxidass or esterass markers ass used in determining
sysoms. Mauch of the work done on genstic diversity in bryophyees has wiilised thess
questionshls enxymass. :_ﬁﬁhmgﬂmﬂm-ﬂ
thees pevoxidess loci (0 examing verission in Plagiochilis aspissicides (L.) Dem.. They
iﬂﬂmhhﬁmhm“ﬁhﬂﬂ
8 high lovel of varistion within coloniss cocuring within pepulations. k is saforemmate

12
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Climaciam amesicassn  Brid. and C kindhergii (Rew. et Casd.) Growt and concluded that
C. kindhergii was not a variety of C. amescasugs as hes long beea thought (Horwon and

come reproductivel hﬂﬂihﬁ.ﬂ-mﬂ:ﬁ-mﬁn“ﬁ
anhmﬁﬁ.hbﬁﬂ_nh_ﬂ De
Vries et al. (1989) found moderate 10 high levels of geaetic diversity in populations of
Racopilem species that wese comparable t0 phanesogam populations. Dewey (1968) wes
able 10 confirm the distinction betwesn Riccle dictyospora Howe and R. mcaliseri Hows
that other species in the genus have besa classified based on phenotypic diffessmtintion
wﬁhgﬂﬁ;ﬁﬂ—ﬁﬂhmm lInnes (1990) found high
ppulasionsl genotyps verission in Folyitichum jeniparinnms Hedw., alhough
ﬂﬂpﬂ_h indicating that mating cocurs primarily among
members of the same ases and that gens flow distances ase selasively shost compased

Cumssias end Wysst (1981) wass e flsst t» dosssmine the dogres of geastic

“““ﬂ_ﬁ*ﬂ!# _
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among populations and withia 5 X 5 cm samples. The degree of variability deseceed
withia and among populations was comparable 10 varishilitics in angiosperms and animals.
Meagher and Shaw (1990) found gonctic variation withia distinct clamps (ca < 60 cm?) of
Climacinm amesicasn, although the majority of variation in this moss was among
clumps. Probably the most intcresting study in this arca was dome by Wyat et al. (1987,
1989) in which levels of genetic diversity were detocted in populations of Plagiomainm
ciliage (C. Muell.) Kop. that were comparable 10 the vasculer plants with the most highly
high levels of varistion between and within populations, but they also found gonetic
heserogeneity in groups of five plants from 25 cm? semples of moss, akhough as of yet,
there is 00 wndersianding how the genetic diversity of samples of populations relass 10 the
genstic diversity of the populssion as a whole. Finally, Wyast et al. (1989) found that these
foscets indicasing that  genetic bostieneck had probably sken place 20t 100 distamly in the
hﬂﬁy-mi—tvﬂ;—h“ﬁﬁﬁm
studies of pvetically detectabls varistion, and yet the fossll recond suggeets that
I_hﬂﬂﬁﬂjﬂiﬁm What ass the explanssions for
this appasent discrepancy? & has beon suggested that the genes that ase detected and
gﬁ“mnm—udmmmw&;—;

i i _ whils ¢ sphosstically dstectable varistion is high,
hﬁﬂﬂ“hﬁﬁhhhnt 1909; ds Viles
«al mhlﬂehﬂlﬂﬁmmlﬁkfﬂlﬁk
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volution in bryophytes is quite low as the evidence suggests. We can also conclude that
hpﬂhcﬂwihﬁpi:ﬂhﬁhﬁnhmﬂm
lm-ﬂnmgﬂ.“hm nﬂﬂlﬂnhwﬁn

mﬂﬂ-hn pulation. I higl

-ﬂnmﬂg—nh_ﬂu—.n—:ﬁuﬂm
acutral traits may be somined in the population with 20 effect on the individual members.
If elocwophoresis detects only selectively newtral gene diversity, then & great deal of the
variation may be dus 10 mutation. Shew (1990) found 8 substantial amount of variation in
the morphology, germination pescentage, gametophysic growth, and copper tolerance in
that mutstion occurs ofen and at diffesent stages in the development of the moss plast.
Exwemoly high sustation rates have boen detected in some plants; ons ia every 80'Y
chromosomes per generation ssutates for censomere selocation in Rumex scatoss L
(Pasker snd Wilby 1989). mngmg_-ﬁqhh

Gﬂh!ﬂ:tﬂlﬂﬂlﬂnilﬂ Finally, sutations may bs
pﬁ“hﬁlﬂ'ﬂkﬂ-—qﬁgﬂﬂﬂ
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Alernatively, clectrophoretically detectable genctic variation may be indicative of
all genetic variation in the population or species. Some rescarchers suggest that
bryophytes and other clonal organisms show high degsoes of geaetic variation because
they have been natwrally selected for by a very fine grained micro-habitat mosasic, and
within each micro-habitat the genotypes ave selatively homogenous (Cemmins and Wysst
1981; Danicls 1982; Dewey 1989; Eliswand and Roocss 1967; Spicth 1975; and Wyast et al.
1989). Danicls found that populations of Sghaghumn SCHIIE ver. mECIAstER (Russ.)
Wamst. (19850) and $. compactum DC. ex Lam. &t DC. (19850) wese move gonotypicaily
complex in habitats that were variabls in terms of water level and chomistry then in habitas
that are relssively stable theough time, indicating that 2 connection may exist betwesa
eavironmontal selective pressuses and elsctrophosstically deteciable gonstic variation.
Genetic divorsity may bs caused tuwough diffesential astural ssleceion on diffesent
developmental stages; ths moss protonsms, 20 doubt, has diffesent selective pressuses
acting on it than has the moes sposophyts (Dewey 1909; ds Vries et al. 1963; and Zielineki
1986). Maravoio el (1967) found that the thallus and sk of Meschentia polymcrphe
expressed diffesent cacyms banding pasteras from the antheridaphore disks.

‘The bands that ass produced trough elsctsophosesis ass considesed phenotypes
which, theosstically, could bs plastic in their sesponss 10 ths envisonment. Zielineki
(1906) found that pescoxidass and esterass banding pasterns in Pallis sadivilfolis diffoved
among populations in the flsld, but whea the sams populstions wess cultused in e
lsboratory for two 0 six months the diffesences wess ot deteced. Cronberg (1999)
found alloxymes diffessnces in ons eazyms system betwesn Sphagaum capliiholinm (Sivh.)
Hedw. end § subalhun Wilks., but he could not conclude that they wess acially
geantically diffsent becauss the two speciss lis on elther end of the mise-margin gradiont
and e clsowophesstic phenstype diffssence may have boen enviscamentally induced.
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Also, high gonstic verishilitics in mosses could result from ancient or recent
polyploidy (de Vries et al. 1989; and Szweykowski 1964). Plagiomainm cillam is
suspected of wadergoing polyploidy loag im the past and has since been silonced st 8
-ﬂsdhﬁmqg 1909). mﬂmhﬂﬁh*ﬂ,ﬂ

ﬂmmﬂﬁmﬁﬂﬂﬂhﬁﬂdhﬁyﬂs
polyploidy allows for gonstic buffering.
Aﬂﬁﬁh—ﬁdiﬂbﬁﬂﬂ wtmogeneity in
» ’,jﬁﬁjbﬁﬁﬁhmqh_ﬁ“ Spure sumbers por
“nn“mmmﬁ-ﬂnm&q-ﬂm
ﬂmﬂﬂyhhﬂmhhpﬁiﬂﬁij
snother populstion (ds Viries ct al. 1963; and Wyast 1962). Moss fragments may also have
mhmﬂhqwnﬂm Such pantarns can provide
found a0 geogsaphic asmangument in thees genotypes of Riccls dicteapom, Inses (1990)
ﬁdn-ﬁﬁ“pﬁﬂﬂ“h#hgﬁ
juniparionms snd nelther did Wyast ot ol. (1909) ia Plagiomnings cillass. nor deViies ot
al.(1989) in Racopiinm species. ﬂ(l!ﬂ).h“ﬁ““h
;ﬂﬂﬁﬁﬂn“dﬂmﬁﬁh-ﬁh
sangs of his stediss. He concluded thet in & small avea the micsol s in which
__ﬁhiﬂhﬁ)ﬁ!-iﬁﬁﬂﬁﬁ-




There are theee objectives 10 the population genstics section of this ssedy: 1) ©
quantify gonesic diversity of M. iigues and 10 selate the degree of variability © genstic
diversity recosds in other mosses and organisms, 2) %0 determine whether goactic diversity
in M. xicuens is selsted 1 latisde, and 3) 10 dotermine ©0 what extont the gonctic diversity
of semples of M. Kiquetts represent the gonetic diversity of entise populations aad 10

High variation in & sussber of biological aspects, such as habitat, mosphology, growsh
seaponses, and genetics, along an ecotons indicases local adeptasion. Local adaptation, in
turn, implies a potsnsial 10 evoive. I Mossia Kiguata. 25  representisive moss, is highly
varisbis along an asceic-boveal gradient, it may have a high evolutionary flaxibilicy,
although significant evolution and specietion in this moss (and possibly others) may be
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1L The habitat and distributien of Massia triguatra in Nerth America and

American species of Mogsia by a distinct three-ranked loaf srangement, acute leaf apices,

Mecais sigueiea. is a rich fen indicator species of high fidelity. Ia the boreal region
Betals and Salix woods. I the Asceic, M. Kiguaia grows on calcassous seepage slopes
and ot the bases of hummeocks in wet meadows. This moss is considered sncommon and
swictly limited in its dissribunmion by hebieat svailebility (Odgaasd 1968 and Slack et al.
1980). I had ths oppormmaity © outlins the habltat and diswibution of this rare indicator
species in North America as part of & larger work on the population biclogy of M.
Warnst., D. yarnicomss (Mis.) Warset., snd Tomenthoyans sitens (Fledw.) Losske. k
rase. When present M. sriguates con b shundant, but is usnally found as stems

34
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acorpicides (Hledw.) Limge. Other indicator species of thess mises sse Calliargon xiCiciam
Sw. The most sbundant vasculer plants found in fens occupied by M. miguos e Bomla
Salix padicelieris Persh. (Chee 1988; Nicholson & Vi 1990; and Slack et al. 1960).

In osder 10 study the sufacs water chemistry of M. iiguesta habieats, water
samples wese takon from fifiocs fons in which Mossia Kigeatcs occurs from boresl wes-
methods of Bisrhuinsa and Prepas (1985). These data, data from Janssens (1981), and
unpublishod data from W.-L. Ches sad BJ. Nicholeon (Usiversity of Albera) ase
semmarised in Tabls B-1.

distiaguished from ane ancther on the basis of suface waser pi, caicium and magnssiom
concentrations, and elecarical conductivides. Surface weters in which M. Kiguama grows
ass typical of moderste- and exweme-rich fens, characterized by high pH fhem 5.5 197.5,
although M. Kiguesa hes besa found growing in weter with piH as low 88 4.7, and high
clectrical conductivities from 30 10 300 1S, however conductivisies heve been secosded as
high as 1035 and as low a8 12 4S. Caicim and magnesium concentrations ia surfhce
watess of fens in which M. siguess cocurs also ase typical of rich fons; they rangs fom
about 30 10 60 mg L1 and 6.0 10 20 mg L-! respeceively, shhough valuss as low 2s 0.8
mg L1 for calolem and 0.3 mg L"! for magnesium heve been secesded. Other element
smcentsmtisn ave mest ofhon found in the foliowing ranges: sodiam 0.5 10 W mg Lt
0.0 504474 mgL-1, whesens chiorids concenteasions avs lsmised betwesn 0.1 9 22.5
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pH 61 - - 47-81
Hydrogea ions per 1 (x109) 61 15 33  0.0001-190
' 34.4 25.9 08-117.0
10.5 A 0.3-344
5.6 8.7 0.1-428
1.7 29 01-58
160 74.8 0.0- 4474
42 61 0.1-225
] 85.6 1.6-3227

7.1 3.0 1.6-112
3 6 0.6- 263
183 214 0.1-665

166.7 6.6 415-399
194 22 12- 1038

279 18.9 7.5-600
104 71 03-280
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mg L-]. Total phosphores concentrations range from 1.3 1 322.7 jig ! with dissoived
phosphores at considersbly lower levels. Nissogen concentrations ueually rangs from 0.6
10 26.3 jig L-1for miersse and 0.1 10 66.5 jig L"1for smmonium. Alkalinity is high with a
mesa of 166.7 meq L1,
from Spein north twough Prance, the British lslcs, Sweden, northern Norway, and east 0
the central and novthern U.S.S.R. with the exception of the Kamchatka Poninsuls and
mm mtmﬂﬁ—mn—mﬂﬁ—
Mhﬁ*mdw““mhm
al. 1988; Odgaasd 1988; Podpera 1954; and Scoxt & Swns 1976).
specimens from ALA, ALTA, C, CAFB, CANM, OOLO, DUKE, F, Fi,, IA, MICH,
and WTU. Over 1200 specimens wess examined. In addition, Gresaland sites Srom
Holmen ot al. (1974), Conadian asceic siees fom Kac (1973), and ons Mains sits fom
Sossil secesds from the Quatsrnery was determined fom Baker ot al. (1967), Jenssens
of this apocies is Srem sevther Eiissmse lelsnd, south 10 nosthasn California and




ciscies repsesent specimens cited in Kuc, 1973 and Holmen et 2l ,1974.
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19,355 B.P. (Fig. II-2). Osher subfossils of rich fon bryophytes heve besa found beyond
sublossils of Dengenocledus hycopodioides (Brid) Warst. and . legponices (Norrl.)
hm-iﬂiﬁi_ﬁﬂg:mm“ However,
ﬁndﬁ-ﬂﬁ_m—lmuiﬁma—unﬁm



E;n—lmmﬂm:ihﬂmﬁdhmhm
ALTA.






41
uw&ummhmhhuﬁﬂﬂnﬁ:ﬂﬂ
heavily populssed. Iqﬂﬂﬁﬂmm“ﬂgmhﬁbﬂn
wm-ﬁuhﬂﬁhﬂhd’mhﬁﬂh
mmmimhhmn“ﬂmm
extinction in North America as it has in Esrope.
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IIL The chemical ecelogy of Messla trigustra in western and nerthern
Cansda.

Intreduction

In her 1982 work on bryophytes ia relation 10 niche theory, Slack defined the realized
“uuem”hﬁaﬂmﬂwnwm
mmmhmdamud-m”“m
the niches of mire species. For instance, Vist and Slack (1964) found that pH, and ceiciam
uwmawhmwhum
m(nmm-umm.mmuuﬂ
above the water wble wess also impormnt.

m-—muuu—m-ﬂhm»ﬁ
vegetation and classificsion. Bogs and fons lis 0a 2 gradient of incseasing pi,
Mummnmn»wm
rich foa (Schwintser and Tomberlia 1962; Sjors 1961; Slack et al. 1980; and Via and
Bayley 1984). Gorham and Pearshall (1956) stated that conductivities are usually shove
20 microsiemens in fons and below 70 microsisusens in bogs, and that nuwrient lovels sse
mhuuhmmmummmuwu.om
have found that surrient lovels (aisogen and phosphorus) ia fens can be lower or equal ©
”h”dbhnwwhhhhmhﬁ*
autrionts snd aot sscessasfly the concentration of sutrienss in the water.

h;ﬂhy”*“hhn““u
eavisonmental pusamestess (Bvowa 1982), but verious studies have besn mads 0 dsteming
“wd“m“ﬁﬁwm
and Slack 1904). n-uuw-—n—u-—auu-
mu—u—-m.—uuu*-uud
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calcium and magnesinm concontrations as well as soil iextwse and water lovel (Vitet al.
1986). The species compositions of peatiands in the Netherlands have changed dus ©
decreases in calcium concontrations i the surface water which indicases the sonsisivity of
mmnﬁﬂ-nv_ng.lm
moss species. Rhyachomegium siparicides (Hedw.) Cand. varies in sizc, loaf longih, leaf
shape, and denticulasion along & gradient from calcassous hoad waters and springs 1 large

Slack (1962) stated that the sealined niche can changs fiom locality 10 locality
(Richt.) Acagser. cocurs slong an asctic-boseal gradient, 10 determing whether the chemical

et
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ﬂmndh&ﬂhhﬂmﬂyﬂll¢8‘ﬂﬂi
$0'N 116°05' W). This is a wooded asoa of the Alberta plain at the eastera edgs of the
Rocky Mountain foothills. k is underiain by Tortiary sandetonss and shales, with & cover
ﬂmﬁﬂmnhm;ﬁﬁﬁqh

Visconsinen period. The till is seoncy with lisnestone blocks (Clayson et al. 1977a).
Elevations rise betwess 1200 and 1500 m sbove sea lovel (Drinkwaser ot al. 1969). This
ﬂhhﬁﬂlﬂﬁ“ﬂbﬂ&hﬂ:i 1980).

ﬁ:ﬁdh“ﬁh_ﬂﬂuﬁ-——ﬂy

&ﬂﬂﬂﬂpﬁﬂﬁﬁhhﬁmhﬁn
al 1977x; Deinkwater ot ol 1969; Slack ot al. 1980).
hpﬁ--ﬂhﬁﬁm-ﬂmi—l—ld—pﬁj
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141 and 197 (between 64° 30 and 63° 30N ot spproximasely 138° S0’ W). The
Dempeter Highway is the link betwosn Dawson City, YT. and Inwvik, NW.T. k rens

The section of Highway weed in this stady runs over the Poscupine Platoan which
Richasdeon moustaing 10 the northosst and the Ogilvie mountaing 10 the southwest.
Elevations sangs fsom 300 © 1000 m above sea level in solling hills. Soils are bumid,
stoney or sandy slevial deposits and glaciofievial till. This region remmined unglaciated
theoughout the Fleistocens (Clayton et al. 19770). -

ﬁﬂd&ﬂhmﬂhhdhmn
with mean monthly tsmmperatuses in the negative twenties in January and of approisess
lﬂhlﬂy Aﬂpﬂ—h“ﬂ- Tbu-ip_ihit-!ﬂ

g—mwnp@ﬁﬂg#ymun;mn_

wide-oy i:jﬁhﬁq-ﬁhnhﬁnﬁﬁiiiﬁm
the Dempater Highway, and e ether two wess located in smail basias adjasent to teed
asees (ons ot lam 173 en Demapeter Fighway (Flate 5-2), and the cther ot ki 183 on the




Plate ITI-2. Basin fon near the Dempeter |
 Yukon Terrisory, in which Mossia
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cither side by folded mountains of sodimentary | sandstones laid down in the
&amﬁhﬂsn:i-pﬂ mmm;ﬁumﬁm-ﬂ
substantial rase (Williams et al. 1980). All fons were located botwoen 135 and 50 M above

Soils in this sses are mainly poorty developod regosols of humid loamy glacial il
or fluvial deposits (Clayton et al. 19770).
f,,ﬂm‘ﬁhﬁhcﬂ.hhﬁﬁ.i’ﬂ

mmuﬁﬁﬂbh_g!- Vﬂm-ﬂk-ﬂ
Salix ascaice Pell., 10 slightly mose vegetated smble terraces which have in addision 10 the
mhhhﬁ*_hﬂi-ﬁn 15 km of each other. Two of the




Plase ITI-3. Extensive fen at Princess Marie Bay, N.-W.T., in which Meesia triguetra






53

along a gontly inclined ssepage slope on east sids of lowland, on a 10 m terrace, six km
from coast.

Waser collecsion

Swurface water was collected at the 15 fens. Two 250 ml polystyvens bosties and ons 250
mi nalgens boule wese filled at cach fon excopt on the ssepags slops at Princess Marie Bay
anslysed dusing the summer of 1969. Ths water was coliecesd as closs as possible  the
dases whea water quality analysis could bs done. Samples wess bept ia cool stiorags

and 23 and analysed from July 27 w0 July 31, 1989. Ths samples from ths ssbasciic wese
August 25. Sampies from thess two aseas wess analyesd betwesn August 28 and

Septomber 2.

Waser quality analysis
Fifison water quality varishiss wers messused in the surfacs water collected feom each of

the 15 fens after the methods of Bischuisen and Prepas (1985). Toml phosphores and
afier acid digestion. Asamonium and altsats concensmtions wess measwed on & Techaicon
autoansiyesr . Catien concentsations of sedium, potassium, calciam, and magassium,
cencentutions wess meanued with & Disnex cheomatograph. pi was meanwed in the
field with s pestsbis Btech pi meter. Allnlinkty was messused in the lnbostary, as wess
water colew, twbidity and condustiviy.

~




54
Tﬂh_d;ﬂ sod with uaiverisss and mukivariese -ﬁ;— wes 10 determing whather

rogion. Second, Kruskal-Wallis analyses of variance wese performed on each of the water
quality variehles 0 determing whather any of the varishies vary significamly among
be accepeed without & cerain degres of caution.

Thisd, o meultiveriass analysls of variance (MANOVA) was performed 10 detenmins
_ﬂ*ﬂﬁ—_n—ﬂh_-_l-lﬁb
ﬁﬂh“ﬂﬂiﬁﬂdlﬂ papectively]
ﬁﬂﬂ-ﬁﬂﬂjﬂ-—h“ﬂn
dﬂ—ﬂﬂ“hhmq_-q-—hﬁﬁh

- ppe sats anslysis was ueed 0o eadinats linear comblassions
dguﬂgﬂhﬂhh“ pensiensl qpace. The endinasion of
hﬂ_ﬂhﬂiﬂﬂﬁ-ﬁﬁﬂﬂ




5SS
principal components. ﬁhﬁmmﬂ#ﬁbnﬁ—ﬂn
w-wﬂﬂnﬁpﬁﬁﬁh_iﬁnni
they wese 10 incssass or decveass insarly along a gradient, suther than in a Geussion
fashion, which is what | would expect of chemical dats along & lntitudinel gradiont. Water

highest cosfficient of veristion st 2.92, whils weal phosphorus, sitrate, ammoniam, e
at 0.04.
sulphass, and chiesids concentmti ,;_ﬁﬂhhmhgbm
Hm“ﬁhmﬂﬁﬂﬁn

Ths MANOVA indicans significant diffessnces among reglons oaly in ol
thess ase significant diissences in ths ovenll swthos water chomisyy ameng the theve
segions, Wilks' Cilsssien (Rao 1973) is net significant.




triquetsa occurs from theee ecoclimatic regicas: 1) High Asciic, 2) Yukon, 3)
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Maessia xiqueta grows. Coefficienss of variation ase expressed as parcents.

Varisble a Mo Sundesd Coefficient of

Totwal Phorphores agL’l) 15 77.19 5.6 111

phosphorus (ugL-l) 14 7.1 3.0 0.42
NO3-N (ugL-1) 4 5.3 6.5 123
NHg-N (ugL1) 4 183 21.4 1.16
Na (mgL-1) 15 1.8 1.3 0.72
K (mgl-)) 15 0.6 0.4 0.67
Ca(mgl)) _ 1S 453 26.1 0.58
Mg (mgl'1) 15 122 8.1 0.66
S04 (mg'L-)) 4 403 1183 2.92
Q(mglL)) " 42 6.1 143
pH 15 74 0.3 0.04
Alkalinity (megL-D) 15 1667 €5.6 0.5

srbidicy unit) “ 189
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NH4-N (gL')) 4 0025 NS NS NS
Na (mg'L"1) 1S 0080 NS NS NS
K (mgl)) 1S 0146 NS NS -
Ca (mgl-!) 1S 0019 NS NS NS
Mg (mgL-1) 1S 0026 NS NS -

pH 1S 003 ° NS .

Conductivity («5) 15 00M NS NS NS
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DORCORISSLIC *dmmwmﬂmm—mﬂ
gﬁdy)ﬂhmmﬂhﬂﬁjgf’ atrations and
Mﬂnﬁmmﬂmﬂiﬂmm
1-2). Arctic and Boreal sites lis closer 10 the right but thess is overiap with the subasciic
siess. Subasctic sisss have a largs rangs over the second principal component; wheress, the
Asctic and Boresl sites ave well separated and lis in very narsow ranges. Nelther first nor
second priacipal component sits scoves ase significandy selated (0 latiseds.

Aﬂﬁmﬂ;ﬂﬂﬂhmﬂﬁ“qﬂ-ﬂhh
%0 the point of comsordon. Doubdiess this had an offoct on the water chemistry in the asse.
I“ﬂﬁhhﬂiﬁﬁ#ﬂﬂb“ﬂﬁh
Ln—yﬂi—pﬂ_t-ﬂ. ﬁ:ﬂh—wﬁ—lh_ﬁ-
ﬂﬁﬂcﬁiﬂnhhﬁiﬁh_ﬂﬂnhnﬂ
(Nicholeon 1987). This cormaponds 10 Vixt and Siack’s comment (1984) hat M. signatn
sactwised by pH grester hen 7.0 Alhough this moss appears ¢ be shls 10 swvive I




chemiswry of fons in which Mesals sigueta occurs.

g;ggzog:onzgg
:
B




Fig. II}-2. wWﬂﬂd-ﬁamvsﬂhﬂmhiﬁ
Mecsia IigEEtIa occurs.
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waters with high nittogen, suiphate, and chioride concentrations for at least one season
(Hg.m-l).khllm'“u'kwhﬂnmbm&liuﬂ
such concentrations for many consecutive years.

The regression analysis sesults should be examined with some caution because
dympﬂmduuwvd“ﬂ Phosphorus concentrations,
turbidity, and pH varied significantly with latisade in the regression analysis; the first two
varisbles decreasing and the laster increasing over the gradisnt. The souwscs waser for fens
at Princess Marie Bay comes disecily from glaciers 8o move than 15 kmn away. This short
mmuumuwuwmnuhu
Asctic cxplsing why the waser there is clear and has low phosphorus concentrations. This
mmﬁo_wbmﬁwﬂmhm*q
aﬂdﬁvﬁiﬂ.ﬂ“bﬂhﬁldhmmqh
fact raise the pH slightly sbove nsutral. This also explains the significant differences
found in sarbitidy and pH in ths MANOVA and Kreskall-Wallis analysis.

WMB“M“WM“
mwwdﬂﬂymﬂh“ou—b“
levels in the subssctic sites dus 10 the drought. The MANOVA sppears © bs less sensltive
10 outlior values than the Kruskall-Waills analysis. For example, in sulphats and nitcate
Mﬂmvﬁndhmnmwhvh*
from the asctic and boseal samples in the Krusiall-Wallis anslysis (Fig. IlI-1). These
oulisrs ass not sufficient 1 lead 1 significant differences i the MANOVA. However, a
wmuﬂﬂmnmwhbWAﬂn
a0t detectad in the Kruskal-Wallis anslysis. Bisher test would be mose beliovebls if the
sample sizss wevs larger. 'What can be gained from thess analyess is that the majority of
hn-phmb-nm&t-h-h“--b

boreal gradient.

62
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differences in water chemistry among the regions, it is evident that the Yukon waser
samples are substantially different in tarms of variation and range from the arctic and
boreal samples. | suggest that the muitivarisse differences detected by the MANOVA are

muﬁahnvuﬂunh“ﬂyﬂm A compreheasive study of
water Quality among fens should be done over several years 10 limit the varistion dus ©
rc ansual events. kt would also be advantageous 0 sample several times over the season
at each region 10 determine scasonal variation among mires.

triquetes occurs have been recosded and now can be compared 10 those of other mire
species 10 discuss nichs beeadth and indicator species characteristics. Simce the majority of
waser quality variables do act substantially differ from fen 10 fon, the chemical aspect of
the realised niche of M. Kiguaa many be fairly constant over an ssctic-boreal gradiont
despise the chenging demands on the p  siology of this moss throughout its range.
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Morphological varistion in plants, due 10 genotypic varistion aad phesotypic plasticity, can
ﬂhﬁhﬁﬁﬂ:nmmmmnﬁﬂﬂn
pressures (Longton 1979 and Swcarns 1989). These acw sclective pressures can lead o)
farther variation and possibly speciation. Each morphological character in & plant is
dhﬂﬂh*nﬂmmﬂ-ﬂmﬂm
1999). hmw-ﬂ-_;ﬂn-_-ipﬁﬁlﬂﬂym

A plast not physiclogically buffered against environms sl stresees will respond in & non-

pﬂnmm lmniw;gnﬂ. l;ﬁ!). Wvﬂlqh
pﬂhhﬁ—ﬁﬂnﬁﬁﬂiﬁﬁibm

-1 Aﬂ_dﬁeﬁp—m_-ﬁ—ihlﬁ—. Monmgnes and ViR
1991. Sysmmatic Botany.




k is well known that some bryophytes exhibic morphological variat
lm.dWIQl)- mmmkmmm
The Macmcoms icanc-M. sullivastii complex varios in leaf and cell leagth throughout its
mmm)ﬂmmhﬂhum:ﬂﬁ
degree of leaf domiculation along & gradient from head waters with low setriont
M»hﬁﬁmﬂiﬁ:ﬂh“ﬁgﬂ“lm
Glime and Racymackers (1967) found that species of Fontinalis varied in branch
production along a temperasuse gradient. Vist sad Horoa (1976) found patserns of
variation in lcaf shepe in North Americes Climecius smericansm Brid. and C. dendmides
muu)au-ﬁm.,, réhwest-southeast gradient from Alaska
Floride. Three Schicthaimia species varied along & lesisadinal gradient fiom 10° 10 60° S
ia Australia and Now Zesland. Schictheimis heownii Scirwasgs. varied in cusp lengsh,
whils 3. knightii C. Moull. and S. camphallisns C. Moull. varied in coll longsh paramsters.
1909).

The lesieudinal gradiont
mM*nﬁﬁﬁpﬁﬁ-hmﬂﬁ
complexity give ampls opporwnity to stedy plant 50eponRsss 00 Savir montal soimsull.
1985 Carbet 1969; Love snd Love 1974; and Savils 1972). The arcilc climats is
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precipitation, sad the long arctic day couplod with the equally long ssctic aight. Low
sutrient availability, mﬂhhwﬂdMﬂﬁﬁgm
is an indirect effect of the harsh climase. Despise low temporatures, arctic envisonms
wmmmwﬂ“mnﬁﬁ“dhky
photoperiod, which heips 10 ametiorate the climase (Corbet 1969). In addition, the arctic
Climase is m' e varisble with respect 10 precipitation, mean semmer tomperatures, and
ﬂﬂhmnmhwum—imlmlk
1962; Bliss et al. 1973; Savile 1972; and Warven Wilson 1966).

species. Weilgolaski (1980) suggestad that smalier leaves have less risk of frost damags.
Wasron Wilson (1966) found that the net assimilation rass, relative growth raes, and the
muﬁ-ﬂumﬂh“dmmﬂﬁ-ﬁhg
Mdmv&hhm“h.iﬂﬁiﬂ

Sevile 1972). Bryophysss have probably aot adepted thelr growth form 10 the Asciic
Mumnmn&hﬁﬂbﬁﬂﬁ_m
1968%).
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possesses the characeeristic "stair-step” frond; whereas variety ghsusifolia (Geh.) Par.,
found north of trecline, lacks this character. The variety spleadens is intermediate 10
gigansmus snd ghausifiolis in many characters.

Longton (1974) found that Polytrichen ssrictums Brid. decreased in its annual
growth increment leagth and weight, the sumber of leaves per annual growth increment,
and leaf length along latisedinal gradicnts from the wopics 10 the extreme polar locations of
Galindez Island (65° 15’ S) and Rankin Inlet, N.W.T. (620 45’ N). He determined
cxperimentally that these differences were controlled both cadogeacusly aad exogenously.
Longson (1979) suggested that P. airicium is widespread becanse of its abillity t adapt
morphologically © & variety of eavisonments both geaceically and through pheaotypic
plasticity. Viat (1991), on the cther hand, found 20 significant correlation betwesn annual
growth incroment length and lasiende in P. sizictum along 2 gradient from 499 10 76° N.
Loagon's southern specimens wese collected from Manisoba, while Vie's southern
specimons wese collected from Alberta. & has bosn suggested that the discsepancy
between thess two studies exists becauss the mean sumamer tomperature in Alberta is lower
than thet of Manitoba (Vi pers. comm.).

Loageon (1981) grew populations of Rrym scpsntanms Hedw. coliected from
polar, ssmperase, and wopical localisios and found thet morphological varistion among the
populssions, in particuler in the antasctic population in contast with the others, decreased
sebsantially in a common gasden experiment.

Sesdy species
Manssls sigueses (Riche.) Acngatr. wes considered an excelient subject for a detalied ssedy

on pasterns of varistion slong an Asciic-Boseal gradient becanss it putatively possesses
innats snnual growth mashers and hes & wids disuibution in Nevth Americe saging fiom
scsthern Alasks and assthern Bilcamers Island, N.W.T. in the high asceic south 0
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The gradieat covers 44 degrees of latitude and a continuum of macroctimess. This brown
moss is an indicator species of moderate 90 extreme rich fens. k grows erect in carpets of
Drepanociadus revolvens (Sw.) Warnset. and Scorpidiam acorpicides (Schimp.) Limgr.
The object of this study is 10 quantify the morphological varistion in M. iiquetia over aa
asctic-boreal gradient aad 10 relate the degree of morphological variation i this moes 10 its
potential for evolution.

Materials and Methods

Morphometics

thros years of age wese taken from cach specimon. The stems were rehrydrated in boiling
Mﬂyﬁudb’“pﬂmﬂmﬂﬂ
calipers 10 the neasest tenth of & millimeter. The aumber of leaf whorls per growth

cut fom the stem and drisd at 299C for at loast 24 hours. Dry weight of the growth
n“dpﬂnmhnﬂdum:—ﬁﬁh

stom and mounted in Hoyer's solution (Anderson 1954) as penmancnt mounts. Bach
mount contained leaves from oaly one stem. I all the lsoves in the final growth incesmment
mounted.




Fig. IV-1. Ecoclimatic region boundries and collection locations of Mecsia triguesa
specimens used in the morphometric analysis.
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Two leaves per stom were chosen randomly for leaf soasurcasents. The following
wmm.-dhm-uamww
Vit and Marsh, 1968): loaf loagsh, loaf apex 10 the widest point of the leaf along the coma
(partial longsh), and half leaf width at the widest poiat of the leaf (Fig. IV-2). Half leof
@mmmnuwwmmuwmdun—
do not lic flat on micsoscope slides. ‘This cheracter will be seferved 10 as leaf widih
heveafior. wnumumunﬂmuum

ﬂh‘ddvﬂm“hhﬂuﬂdmhﬁ
from each of the three stems cxamined per horbarium specimen. Five non-surginal colls,
ham#nhmu“b-—-ﬁuhwﬁ.b
leaf is 15 0 20 cells wids.

Data Anslysis
mmaam--uummuuum
m*mm-w*whuﬂuc
nsnral logarithe wansformation.

Four ssatistical analysss wese performed on the das: segeession analysis, principal
m“““d-ﬂyﬁim 1 considesed all
h”mndhwﬂl-ﬂudb“ Asingle
“thﬂl—hﬂ.“hmhm
analyses can bs compased ©© peovide & moss definkive intesprenation.

Regression Anslysis
The lasiuds of each of he 109 colisction localiies was convertsd fom degress and

minutes 90 & singls value. mtﬂumwhhhmc-‘



hﬂ@ﬂﬂdﬁﬂvﬁﬂpﬂhdhhﬂhhm
(TTS).






The last two digits were a score of 00 10 99 sepresenting the pescent of the degrees
measured by the misutes (L.e. 57° 30’ would be conversed to 5730).
Bach of the 11 morphological cheracters was rogressod againet lationde 10 determine

The means and veriences of each character at each of the 109 collection sises wese wsed a8
mmmhﬁnhﬁﬁmlﬂn I morphological charact
mﬁulﬂmﬁnmmc—hmmdﬁ

A discrimingnt anslysis (BAS lagioms lac. 1962) was performesd ©0 examing the
Asciic, fom wes line novéh 00 the coast of the comtinent; and High Asctic, all of the lslands
in the Asctic Aschipslage (Mg. IV-1).



79

leaves, loaves within plants, plants within sites, and sites within ecoclimatic sgions. A
““d““hw»“ﬁﬂiﬁiﬁii
amount of varistion occurs. In 8 MANOVA the rescascher can also determing which
varisbies contribute the most 10 differonces among groups. Thwee nested MANOVAs wess
pﬁ—ln“mumwmﬁ—lﬁﬂﬁ
mummwou—-ﬁnnggg—nﬂm
levels of nesting.

A*MMMunﬁﬂuhﬂ:iﬁn

messusred sve summarised in Tabls IV-1 (saw duta avs liswed in Appendix 2). Leaf
WMMhmdvﬂub_hnhy_ﬂ
coll measusoments. Mn-"‘hhwﬁﬂQimﬂﬂn
ml.‘l-lahm*d“”haﬁhiv-ﬁﬁq
other chasaoter.

Regression Anslysis

All of the msasuved mesphelogioal chassters of Massls tiguatm very sigaificnntly with
lasiouds with the enceptions of the samber of lsef whesls por cm and ooll loagh (Tuble IV-
y X Howover, very lils of the mesphologionl vasianse found in M. Siquetin is sscounted
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0.99% in coll width 10 16.00% in leaf shape. Growth incroment length, sumber of leaves
incoeases with latisude. m“bqhhﬂﬁhhﬂnm
ﬂﬂhhﬁﬁ_w—aﬁﬁiﬁﬂ-ﬂﬁﬂ

z“miﬁhﬂnﬁ.:hﬁnﬁi-ﬁgh_i
variasion i thess s00ves accounted Sor by lstissds is low: 8.6% and 16.9% sepestively
sendering the components imposaible © interpret.

This analyels dlecriminates among specimens of Massls xigueam coliected Sem diffewent
' eciassified by the anslysis and of thess caly 5% ws ast




Smere 63071914 (ALTA); D) Northwest Tervisories 67° 47N, Sicess 10747
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s4

Muhivasioss Analysis of Variance
Plant Level
WWAWWMHDMJu_
mwwun#wdwmmo Pusthermose, he
smehiple comparieon t-iest incicates that all throe ecoclimanic segions are significamdy
diffevent from one another (p < 0.017). The characters that contribute most greatly ©
WM“w“shﬂwdm-c
ﬂwmmwn—amumuumn
indicassd by high significance lovels shown in Tabls IV-4.

Mhh”“vﬂam“nh#hﬂd
seplicasion (Tabls IV-4). Al characeors contribute significassly 1 differences among sites
-‘mm“mhvﬁﬁﬁhmdh‘ﬂﬁ.u“
ool longsh, and coll widsh (Tuble IV-3).

Leaf Level
nnuma.u-.ummu“w“-u
ecoclimasic saghmms (Tubis IV-6). The muhipls comparisoa +tsst indicemss that thess is %0
ﬂ-w“h#aﬁu‘ﬁ-bm“d
lﬂ“*b-%dﬁ#“hhlﬂ“
*-m“hﬁmhhmm-‘-o<
0Nne. M&—--Ay“.*huﬂdun
-u—nuuﬂ—uuhummhmm& Al
m*.*“—uuﬂvﬂ.d
Mddﬂm-ﬂhhnb“ﬁmwﬂl
wm-qn—a“-u-‘u—nuu



Tabls IV4. Summary of MANOVA sesults at plant level of seplication. Sigaificance of
vasistion morphological characeors.

Chasaceer Booclimatic Siee
Region
Growsh increment lengsh . ooe
Whorls per growth increment hand hand
Whoels percm NS haad
Growth incrment weight NS hand
Woight por mm growth - o
Leaf longh NS hand
Postial loaf length NS hans
Leof widh L ] e
Ooll longsh NS o
Gl widh NS hand

s, p <00S; *°, p <0.005; *** p >0.0001



mw—;s_yﬂml\uﬂgphhdd# :
mv-ﬁ-m—ﬂnﬂmm Cell measwements 1 1 S refer 0
hm_dﬂmﬁﬂhﬁm-bﬁ

Plants

Whorls per e 0.107 0.025
Leoaf longth 26.505 8.617

Loaf shaps 1978 0.017

Ooll widh 1 0.073 0.113
Ol widh 2 007 0.126
Ooll widh 3 0.076 0.112
Coll widh 4 0.087 0.148



Table I[V-6. Summary of MANOVA results at leaf level. Significance of variation in
morphological cheracters.

Chanacler Booclimatic  Sise Plant
Region
Mubivaris o haad o
Loaf longh NS 8 sse
Purtiel loaflengh NS and soe
Loof width aad soe ooe
Leaf sheps ooe soe soe
Ol length NS soe soe
Coll width NS oo NS

o, p <005; **, p <0.005; *** p >0.0001



Table IV-7. Summary of MANOVA results at the leaf level of replication. Characeer
variance between sites, between plants, and between leaves.

Charscter Sites Plants Leaves
Leaf longth 15.644 6.647 3.947
Partial loof length 11955 5.361 4.078
Leaf width 2472 1.842 1.353
Leaf shape 0.033 0.009 0.18
Coll longsh 1 0.074 0.002 0.224
Coll longsh 2 0.078 0.004 0.224
Coll longth 3 0.076 0.001 023
Coll longrh 4 0.068 0.028 0.243
Coll longh S 0.061 0.018 0217
Ooll width. 1 0.045 0.006 0.107
Ooll widh 2 0.047 0.00S 0.108
Ooll widh 3 0.045 0.012 0.1
Ooll widh 4 0.051 0.003 0.106
Ooll widh S 0.042 0.019 0.088
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cation, there is a significant level of variation among ecoclisnatic

gﬁ_undyﬂ:nep-:ﬁm-uﬁmnn.ﬁyng
width ot coll lengsh (Tubls IV-5). The results of the t-teet at this lovel of seplicasion sse
mnnﬂnumnmﬂﬁ—hnmm-nm

stinguishable (p = 0.29) and specimens in the High Arceic
-ﬁ-:mﬂnmmmnnmﬁz—@emﬁ There
ave significant differences among both coll widsh and coll longsh which comribuse © highly
e p <0.5% lovel s & sesult of varietion in coll lengsh, slthough borh cell widsh snd cell
length vary move within plants than betwesn plants. Leaves vary significamtly dus ©
veriesion in both coll widih and ooll lengsh, although both coll widkh and cell length vary
mose within leaves than they do betwesn leaves.

Al four smtistical analysss indicass that the morphology of Massis Kiquatea veries over s
insiondingl gradiont is possible.

R is unlihely that the high cosfiicient of vasistiun in the weight por mm growth
(mesn of 0.7 mg) and ascwsecy in messusement can b difficult 0o cbnin. Waight pormm
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Table IV-9. Summary of MANOVA reuits at the cell level of replication. Character

Coll longth 0.046 0.01 0.029 0.073
Gull widh 0.07 0.009 0.055 0.178

91
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Alhough all of the individual characters meossured in this stady exhibic 8 high
significant, but they are ROt SWORG.

MhW“gﬂiiﬂidﬂmﬂ
sicguesa plants grow less in the North than in the Sowth. Assual sem growth is decssased
-ul-vhlm.-lm.hﬁﬁdmﬂh—p—-
W*-hﬂ‘“_m-ﬂpﬂﬂﬂ
based the Mssntuse. hdh—-nﬁhd!p—i-l—._-ﬁ
W”hﬂmdmh“ﬂ*h
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(Savile 1972). Perhaps the compact growth form of M. Kiguata in the north is
Ahernstively, the compact growth form may simply be a non-adapive plastic sesponse 0
M xiquexs.
segions at the leaf and cell levels of seplicasion. Evidensly temperass climases and possibly
peovids protection againet wind and its associased effects, and provids shade at certain
times of the day.

The MANOVA has provided informstion 10 justify the malys
hh-ﬂy*mmﬁxﬂﬁi#-ﬂ
sufficient mensusements wevs taken per specimen 10 conduct the analysss. Chasacters
which ars mest wssful in determining paserns of varission in M. xiguates e the loagsh of

In conchusion, Mansla stiumams vesies in s mesphelogy both slong & lnisadinal
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ﬂnﬂﬁbﬁ;ﬁihhwhiiﬁﬂi
analyses. A high degres of morphological varistion was deteceed theoughout the rangs of

among collection Jocalises. Morphological varistion due 1 cither genetic variation or
phonotypic plasicity may be wsed as an indicator of evolutionsry  faxibilty and of the
pﬂﬁa—tpmm 1974). The mosphology of M. miguats vesies

gq-hi_pi-mnﬁmﬁ—m
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V. Growth of arctic and boreal populstions of the brown moss Massia
trignatra wnder controlied conditions. 1

Introduction
For decades bryologists have debated whether mosses have boea avested at 8 prismitive
stage in their evolution or whether they possess high evolutionary potential .
Tradisionally, views have paralisied those of Swoere (1958) who wrots "Bryophytes ase an
ancient phylogenstic lins or series of lines that have come 10 & doad end, evolutionarily
speaking.” His also stated that mosses are characteristic of primitive plant forms in that
they lack a cuticle and exhidit clonal growth. Since most mosses have & dominant haploid
stage, slightly deleterious mutations are swrongly selected against, becanss they ase asver
masked in the hetssouygotic stms. Also bryophytes ase expected 10 demonsteats & high
deges of inbeseding theough monocecy which would also reduce genstic veriability
(Longeon 1979). Evolmion of asciic bryophytes is thought 10 bs particulerly slow
becanse sexual seproduction in mosses is oven mose seduced at high lasisedes (Kallio and
Ssamio 1906; and Sevile 1972). Loagon (1968) suggested that bryophyws ass more
dependent on phenctypic plassicky for varission than genssic adepmation.

Contsary © thess ideas, cther bryologists have found that m0sees say posssss &
high potsasial 10 evoive. For instance Wyas et al. (1969) have found exsraondinarily high
dageess of elecwophossically detscmbis ganceic veriation in Pagiomninms clllam (C. Mell)
Kop., and I have found similer resuhs in Monsls miguanca (Ricke.) Aongaes. (chapter VI).
Alss, Beassasd (1974) suggested that soms asciic iryephytes may have ovolved whhin the
lass 23,000 yeass. All vasinticn, whether dus to phenstypic plasticky or gensiic
diffesontission, allows spevies 0 expand their disutbutions thansby exposing plants © asw
“m These selective pressuwes can lead ©0 fasther vesistion and somatimes

Aﬁhhﬂﬁh‘w 9.
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speciation (Stcarns 1989). m.wm:.—dﬂyeﬂﬂﬂ
WIMWuilelMﬂMlmﬂ
W-nu—mouwmmmwmn

Several authors have examined variation in bryophytes. Longton (1972, 1979%)
”m.“Mmh“mhhmmllﬁi@A&
(Murray ot al. 1909). WﬁdM(lmuhMﬂ
M.)Mv“hmum-dw.dh*iﬁ
mmmumm»nm-&ﬁﬂg
ammonium, and phosphate concentrations. htyai(lmuﬁp-ii
m-hm.)mﬂmwmnﬂ—-lﬂ
n-l—haﬂﬂm”ﬂwhnﬂﬁ Exhiia
M(’lﬁulﬁh)mﬂunhmwgﬁ—;
h-ht-uiluilnm«d.lwl). Hylocombem splendans shows great
wmu—n”mmﬁuoa“hiﬁhﬁh
chasacteristic stais-step fronds. Goowth in this moss is conwolied by eavisonmenal factors
-a-w-lmwhlm
“htﬁ*ﬂm—hw«w:ﬂﬂﬁ
““hwha-‘d#w«ﬁﬁy#
plassicky. M“uiwuh-ﬂomnﬂ;n For insunce,
h*#h(ﬂﬂ)u-ﬂﬂﬁm
#d*-_nauﬁ-hnni ponImse
“o“*uwm-h”h:_-
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gasden. Similer sosuits were obtained with Bryum acgcatcnss Hodw. (Loagion 1981). He

Mesaia wiquesa is a rich fen indicasor specics of high fidelity occwrring in North
Amsrica from northernmost Elicamere Island south 10 California and Montana in the west
and Peansylvania and Wisconsia in the cast, and from westorn Alaska east %
doveloped anmual growth increment markers in M. Kicaa 00 cstimats snsmal production
of ths bryophyts layer in sedge meadows at Treslove Lowland, Devon Islend in the
Canadian High Asctic. This moss is subject 10 & wids variety of eavisonmsatal condisions
over iss extensive rangs. Asaual growth increment weights and leagshs in M. siquama
howe 2z, may poss mose of an cbetacls 10 vascular plants than bryophytes (Brassand
“pﬂhh“pﬁnﬂhﬂlﬁhlﬁgﬂ”; golaskd 1980).
The chjective of this study was 10 determing whether varistion in anaual growsh incvement
longh of ). siiquat is genstically contolied or s sesuk of phenotyplc sesponses
genstic delfh, elther of which ass indicators of & posessial © evolve.




104

In lase July and onrly Angust of 1989 collections of live plants in their peat substrate 0 2
placed in plastic bags and kept cool until their use in the fall
hiﬂﬂﬂhﬂ(&?ﬁ'ﬂll@ﬁ")(ﬁﬁ—l) The sies is locased in
--ﬂndﬁhl&nhmﬁdhﬁmﬁﬂﬂ
with Eimestons blocks (Clayton et al. 19772). Elevations riss betweea 1200 and 1300 m
above sea level (Drinkwaser ot al. 1969). ‘This area is also past of & sand dune complex

The climate of the Edson-Novdegg ares is temperats with 8 July mesn sonthly
Q‘uﬂhhﬁhhmﬂwﬂﬂmﬂ—ﬁ_nm
jpﬁtﬁ:dﬁa—.ﬁﬂs—ﬂ-ﬁqnﬁhﬁum
Bavisonment 1968; and Deinkwaser ot al. 1969).

ﬁﬂi“ﬂhgmﬁnz—gﬂqu
ﬂhgm_ﬂ-ﬂhﬂdﬂmﬂ
ﬂtﬁgMIﬂmm:i 196D; Slack et al. 1980).

ﬁ*ﬂﬁbﬁhﬁﬂlhﬂ“&hhn
hﬁﬂhnﬂhﬁlwﬁﬂ:ﬂ?bﬂh!iﬂ-ﬁ
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the Plsistocene and experioaced postgiacial mesine submergence. Isostatic wplift is sill
cocurring (Williams et ol. 1980). Soils in this asea ase regosols of humid, loassy glacial
ot al.1977).
mesn monthly July tempecatares of 6.69C, a frost free period of 37 days (Williams et al.
1980) and the tomi precipitation for the monhs of July aad August of 26.1 mm (G. Heary

‘The vegeeation of Princess Marie Bay is consrolied for the most part by soil
scees accasionally colonized by Dryas issagriflis M. Vahi, Saxiftage comositifolia L., snd
ﬂﬂ&h“nﬂﬂmﬁ“iﬂnﬁh
sbove species, species of Cassx, Laaquemeile. snd Rnya. Species richan el vegettive
cover is highest along ssepags slopes sad in wet sedgs meadows (Williams et al. 1900).

Forty Nwes of weter wess collscted from the high asciic and the bovenl sles in acid
washed plastic casboys. In addision 10 the carboys, two 250 mi polystyvens bosles and
betwesa collection and snalysis. Fifteen water quality vasishies wese susaswed in the
Mm—u-n&-m.ﬂ—ﬁﬂ“
Asunsnium and aitats concentstions were msaswsed on & Technicen anteanslyesr I
Consentsntions of “*“d*mﬂ_
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Mﬁﬂhﬁm.nm_uh.-ﬂmdm
after the methods of Bierhuizon and Prepes (1985).
-ﬁlhﬁpﬂsﬁﬂdﬂ*bbmﬂd‘:ﬂ At
unpﬂnﬂmnuﬁiﬁ—:ﬂﬁhﬁ-—
ﬁdﬂﬂym_nﬂﬂh-ﬂm

i branched, swerile Mossia Kiqueta sems wese placed between 10

ﬁiﬁvﬁ-‘bﬁhl;—b!t:ipﬂqiﬁ_hq*d:
sip. fﬁqmqﬁ-dmﬁnmﬁ_ﬁﬂm—sdhmgﬂn
(640 secmns in toml). m#ﬂmhmdﬂ“hﬂﬂ
plassic subs that wess Gem @it and 12 cm in dlemoter. Halff of the seplicasss from each
pﬂ_mhﬁﬁﬁﬁﬁﬁhﬂﬂﬂﬁﬂﬁ--—
growa in water frova the boreal fen. Also half of the seplicasss wess feriiliaed with
asmemoniums alery* ,gnﬂ;nﬁpﬂm-‘wﬂ--ﬁﬁ

overy wesk 0 seducs any © contolied effects dus §

e chamber. The tubs wese st in & 4 om desp water bath © smelicents Smpentuss
@thuences dus 10 lighting on the growsh beach. The lighting was held consmnt with 16
hours of lght ot an intenslty of 300 s mol 5°1 a2 por 24 hour pasiod. The water bath had
ﬁﬂdlﬁéﬂﬁﬁ_ﬁdﬂ Relasive humidiy
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so-fonsllined. At the end of the growing period the amount of growth in each stem, beyond
h_ﬂhﬂ!dﬁh(ﬂ—)ﬂwlﬁﬂﬁhﬂh
westment + aitsogen estment + population x water westment + populstion x nitoges

mp—n—* _ )
_-_‘_&'“ﬁ.ﬂ*ff” sations
—mﬂhﬁﬁﬂ“ﬂﬂmiﬁﬁ“

The pii is 8.1 in the high ssciic water and 7.6 in the boreal water, whils alkalinky is

The evernge annusl growth inceement leagih for the high avotic pepulation is 7.6
+/- 2.8 wam and that of s boveal population was 8.6 +/4 3.3 mm. Thess is no significant
d&fhsace i snaual growh inssement hagth besness ths two papulations ( =0.18). 1
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Totel phosphores (ug-L-1) 13 328
Totl dissoived phosphores (ug-L!) 1.6 8.8
NO3-N (ugt-?) 68 0.0
NHg¢-N gt 31 43
Na (mgt)) 0.3 1.5
K(mgl)) 0.1 0.9
Ca(mgt)) 37.4 40.2
Mg (mgt)) 64 7.6
904 (mgt-1) 24 0.0
Q (mgt)) 09 33
; 8.1 76
1542 1739

713 60.0
0.9 100
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ecoclimatic rogions. Alhough these is a significant wead of decseasing ansual growth
incyoment longth with Iatisude (chageer IV), the average snnual growsh increment lengshs of
stams Som the two ends of the latitedinal gradient ase not significandy different.

Noas of the growth dama in any of the eatments is diswributed normally, in fact the
majouiey is bimodally distributed, with & largs number of stems having 80 growth at all.
Sums which exhibisd growth foll inee fhisly ncemal diswibutions. This led t0 soms
diificuly ia anslysis. b'ﬂﬁﬁ—ﬁlﬂh$h
thoy wevs seal values cansed in soms way by the eatment or characsissic of the
pepulntions. lh-”hﬁ-ﬂhﬁdﬂﬁ*d
scsmal dissibmion is vislated, and ne appeapricts nsnpasametsic st is avallabils for such
vislations in mind.
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ﬂﬂ@ﬁ&ﬂ)“hpﬁm—hﬂﬁﬂgﬂbmﬂ
ﬂhhmmmiﬂlﬁnﬂ_nﬁpzm
ﬂhﬁMAiﬂ—*ﬁﬁﬁﬂﬁﬂ
growth dass points. mpﬁﬁyd“ﬂﬁﬂnhﬁhﬂpi
Mﬂi:ﬁﬁ-Hi-ﬁh-— s, and is not supporeed

__Mﬁﬂﬂbﬁ#ﬁ_h-ﬁh“
i—_ﬁhﬁﬂ:cm#ﬂﬁ—i_hlﬁi

high ssceic water. Ahhﬂdﬁiﬂﬂhdﬂhﬁﬂﬂﬁﬁh
ﬂg_m-ﬁ-ﬁﬁﬁﬂﬂﬁ:ﬁgh“?

h_lﬂ—-——undﬂg—-ﬁnnﬁﬁd
Massle nignatn. At similer lovels of alagen feriiisstion, Austin and Weider (1967)
ﬁh;_hﬂ;—'—.md——t Rudelf snd Veigt



Fig. V-1. Results of growth experiment under controlied conditions. Effects of faceors ass
averaged over teatments. V-1-A means of growth data from high asctic and
boreal populations of Masals sigusica. V-1-B means of growth in plants growa
with and wishout sisrogen fentilization, V-1-C means of growth in plants grown
in waser takon from an asctic fon and weter taken from a boseal fen, from fowr
data seis: 1) primary s growsh with 36r0 growsh data points included, 2)
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Tabls V-2. Resuks of Messis xiguctza growth experient. Probability of significance
valuss of westment and inseracsion effects for analyses of variance of four data sets: 1)
primary stom growth with 2050 growth data poines included, 2) primary stem growth with
2070 growth points exciuded, 3) sccondary stem growth with 2610 growth points included,
4) secondary stem growth with 2610 growth points excluded. A * represeats interaction.

Dama Set

Bifect 1 2 3 4

Population < 0.0001 < 0.0001 < 0.0001 < 0.0001
Wasr 0.2793 0.33%0 0.1591 0.2663
Nisoge 0.0872 0.1199 0.0606 0.110
Populntion®*Water 0.4113 0.3219 0.2477 04120
Population*Nisogm 0.0920 0.0767 0.0493 0.1197
Water*Nisogea 0.5501 0.7460 0.7318 09110
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high levels of amamoniem. Pross et al. (1986) found decreased growth in 3. caspldenn
ﬂwhhﬁdﬁnﬁhﬂﬂn(ﬂm-ﬂw Evidently the seaction
mﬂiﬁﬂhﬁmmkwhﬂnm
ﬂhﬁﬁsﬁ-muﬂhﬂﬂynmimm—bgu

ﬂﬁcmhmhim;_.“n—ﬂymu

asctic populasion. mmh:ﬂ-mnmﬂ_nﬁhﬂ
ﬂﬁ#ﬁﬁﬁﬁnﬁ_ﬂwhﬁ#ﬂ Nelther e
ﬁ“mmmhhmﬂmhﬁmﬁ. The diffesence
h-ﬁim—hmnm-yhhbﬂﬁsn

-tp-hln—;_-ii—ﬁ-ﬁshﬁﬂﬁﬂh-_hﬁ-
b“ﬂﬁ#nﬂphﬁ—h:ﬁ_ﬁﬂgh
*Dﬂhﬂ—ﬂgbﬁ#i_
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mmn.._u:gﬂm-_m-)m-d
f ! nthes pead in the plants which were moved south. They also
hﬂﬂﬁc_phi, sweynthesis was not in fact a genctic diffeventiation between
the high asctic and boreal plants, but a plastic response 10 light levels; sfier two years the
photwsynthetic apperatus had changed and the phososynthetic rates decroased % normal
ranges for boseal plants. Decsesssd growth in high asctic Mocsia iquotta plants in boseal
condidons may be a plastic sesponse 1 & change in environments rather than & gonstic
ﬂin_p—iﬂbhdﬁ-uﬂapﬂd” ~{ .
) mtively, the diffesonce may indoed be a result of genctic differentios!

mhmngmnh, visonmen
ﬂ#“w%ﬂﬂuﬂ:ﬁﬂﬂb
expand, thereby exposing the plants 10 ncw sclective pressures. The sew selective
posesuses may, in tumn, load 00 further differentiation among populations or even

growth respones 10 eavisonmental conditions, thus demonsirates & solatively high potentiel
w0 evalve. “l_b:mﬂmmmm&n
is sppesently uasesricesd in its diswribution by other envisommental factors such as
“ﬂﬁi_ihﬂanﬁlnhﬂa-ﬂ-
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VL. Isscyme varistion in the brown mess, Masaia trigueatra, slong an

comparison 10 tracheopirytes, as they ass phylogsnsticall clder than thess plant groups but
Deaniels 1982). ﬁﬁ.ﬁ—(mhﬂ:ﬁﬂwﬂﬁﬁluﬁﬂ
lovel appears ©© bs at & standeill.
a.ﬁ-dlﬂﬁi—:ﬁpﬁ.iﬁ.“jﬁhﬂm
“dmlﬂkm lﬂ;tﬂnﬂw Mﬂﬁ-ﬁ
nuhﬂ:iﬁ:nﬁihﬁﬁﬁﬁﬁniaﬁ;hﬁﬁ-
Mlﬁk:ﬁjlﬂlﬂ*ﬂlﬁm

i‘_ - ,i'—r M T R “——— -
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Second, some bryophyte species occur as digjunct populetions as far apart as the
two poles. Tracheophytes, with similer diswribwmtions, have wadergone specistion 50 that
qnﬂlnﬂ_nhﬁecﬂﬂﬂ.ﬂﬁ:ﬂf ppulations of
deifk 0 sender disjunct popuistions taxonomically diffesent from the rest of the species
mlmﬂmlm In soms bryophyts species, the digjunct
populations have becoms asexual which further seduces their chances for evolwionan
changes (Longion 1976). Disjusct populations may have established selatively secansly
“_ﬁ““ﬁnﬂ—ﬁnﬂnﬂnb
disjunct popuistions of vascular plants; mossover, Cusrsent ua ng of iryophys
disufbutions indicates that long rangs dispersal is far lees impormat thes siow step by sep
dispersal aceoes wide svess (van Zanten snd Pocs 1981; and Wyest et al. 19850).

Thisd, many bryclogion bellove that the slow sass of evolution in mosees snd
have ths ovelutionary advantages of incosased geastic vasiation dus 10 hetssoxygosiey, e
ahily 0o aquise mutations twics as fast, and the ability 0 mask deleterious secessive alleles
(lnnes 1990). Hapleld erxganisms, on the cther hand, ase belioved 10 have low geas
adventageeus in ansther, the chanees of adapting o aow cavirenments dovugh mutation
1981). Ris diifiouk 0o st this theery in slow growing exganisms, howover, Paguin and
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W”n“nhﬂ:ﬂnﬁyhﬁﬂﬁlp—:(ﬁ—
W““n—ﬂﬂinﬂ Rics0-envisg :
h"“.”-ﬁﬂﬁmﬁﬁ#h
(Andsrson 1963; and Crem 1972) or presumssbly over large padie
changes in lntionds. Mtﬂm—mﬂin—“

posssuses, they o a0t undergo adagtasion, hence they appear 10 have & low ¢ phusionery

potential.
u“”““ﬂﬂmh_dcﬂﬁ
(Anderson 1960; Camming and Wyatt 1961; and Wysst ot al. 199%). Sporm soquiss &
continmous fiim of water from sntheridium ©© aschegonium 1 achiove forilinntic A This
”lwmmﬁﬁ“#ﬂn_dl
“.“c“ﬂﬂ:bﬂl#“
“h#mhmﬁiﬂﬁ—lpl—bql-ﬁ—
*dh“hl’.ﬂﬁﬁnﬁn@_m Alhough long
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of ssxual sepsoduction in mosses, presumably becanss of the costs associated with long
dissance sperm wavel (Comming and Wyatt 1981; Dewey 1909; and Khanna 1964), s
“u“““%hﬁﬁwm&ulﬂ

Fragmentstion can bscome an important mods of roproduction and gons dispersal
s almost every part of the moss plant, encept the antheridia, can segencease (Anderson
1980). Fragmontation and vegemtive seproduction are particularly important in poler
segions whess sposophyte production is much lower thas in tomperate or wopical sogions
(Crum 1972; Holmen 1960; Longson 1976 Schofield 1985; and Smith 1987). Inbresding
and vegetive sepsoduction lsad 10 seduced geae diversity which in ters seduces the
evolmionary fisxibility of a species; prior gene diversity is sequised befovs semporal,
spasial, or ecological sepsoductive isciating mechanisms can affect evolwtionary rases
MMMM-IWM Therefore, we con expect hat gens
diversity will bs seduced in asceic mossss selative 10 moeses of lower Insisudes, and
possibly that populasions of mosess in the acrth will have lower genstic diversities slative
10 their conspecifics ia the south.

Thess five lines of ovidence hawve lod bryclogiss © beliove thas evolution is slow in
the bryophytss. Crum (1972) went as far a8 $0 say that mosses ase “ovolutionary fallwses”
and that “Sor ecolegical success they have peid in genssic uniformity and slow specistion”,
however, all of the shove hypethesss ass based on infessncs and not on empeisical deta.
Bvelutien is based en changss in gens Sequencies and 20 it is at gens frequency that we
should loak for informmtion oa the s of evolution in bryaphytss (Krsshows and
Seweyboweki 197%; and Wyen 1962).

Sovenl clsstaphesutic stadies indicats that the lovel of gens divenslty in
Seyophytes &s mush higher than enpested and is in soms epecies compasshie 0o gone
divenly in englospesums. Fov instanse, the Bverwert Oansosphelun ssnioum () Dum.
hes & gonstls vasiebilhy compansbis © most diploid species. Soven of 11 cnpms gyetems
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cxamined in this Everwort wese found 10 vary in their elecwophosstic phenotypes at two
lovels (Yamazaki 1981). At the world level, these are two isolased forms which wess laser
discovesed 10 have diffesent morphology, growsh rates, and produced diffesent phenolic
betwesn the two types was found (Sweykowski 1962). The second level of variation is &t
alleles (Sweykowski 1984).

Krakowa (1981) found P. sadiviifolia Dum. and P. cpighyilis (1) Cosds 0 bs distinct
whils Zislinski (1967) found that populstions of P. eadiviifolia in Polend snd Jepen wess
-#’y“-mww He aleo found that . pansises
sngioupesm species (H; = 0.025 and 0.045 respectively). Possibly the discepancy in
m*ﬁnmmumwukm
o“hh“dhm-“hhﬂﬁiﬁﬂ
conditions (Wyes ot al. 1985a). lmc“-ﬁﬁ-ﬂhﬂ
hﬁbu—tmumh“m-ﬂq—. In
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-_ﬁ-)uﬂ.im-ﬂhwm&ﬁﬁm
sphic. Shaw et al. (1987) found gonctic differonces between
g“ﬂﬂﬂ“hﬂﬁ)h-jwﬁ
f;mﬁﬁlwmﬂg’ nhhhﬂ“ﬁnd
C kindhargli plants from ancther site, then like C. smcricassss plants ot the sams siss. De
ﬁdi(!mﬁmﬁ#ﬁdﬁ&ﬂiiﬁﬂ

ﬂuuﬁﬁmmﬁmhﬂlﬁh
with elsctrophoses m-&mhug—i—gﬁh He suggosted
-:-i——is_ m—:nﬁumﬁ—nﬁ

stic dem in Maschansis pobenerphe L. They
ﬁgﬁﬁhﬂﬂﬂm*m—ﬁﬁdﬁ
hﬂﬂnﬂ-t—-—iﬁmm Innes (1990) found high

lational genstic verission in Polvirichuss jusipasianms Hedw., slthough varission
vﬁnﬂ—-ﬁlﬁv indicsting thet mating cocurs primarily among sembers of
the sams aven and that gens flow distances ass selatively shost compased 10 other moses
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c—-umam)muuuwumd.w
varisbility among individual plants within samples of a popuelation. Axichums sgusatum

m)uanu»ummwwuum
deﬁSXSGm The degree of varisbility detected within and
mw-w»mawu-u Moagher
and Shaw (1990) found genctic variation within distinct chemps (ca. < 60 cw?) of
m““thMhﬂ“m“
clumps. Mhﬂ“ﬁyhﬁmm“h“ﬂ&(lﬂ?
dlﬂ’)hvﬁﬂ“dpdmﬁym“hpﬂnd“
“@M)mumwnmwumumuu
mwmmdammmm:m Not oaly did thess
muumammuwmumum
ﬂmhndnnmmzsdnqudmm-
dm”hn“hhmdﬁd*d#*n
ths gone diveraity of the populstion as & whole. Finally, Wyatt ot al. (1905a) found that
Mmmp‘dﬂhmﬁmdﬂ.ﬂ“hhm
mewﬂchaﬂmuﬂyﬁnu
00 distamaly in the past.
mnubhthMMmdm
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evolution may be low (Brown et al. 1989; de Vries et al. 1989; Dewey 1989; Eancs 1990;
low as the evidence suggests. We can also conclude that the potential 10 evolve in
bryophytes is high evinced by high variation in some traits (Ziclinski 1986), and we can
concluds, although less secusely, that natural selection is working 10 meintaia bryophyte
waits controlling flanees rasher than 10 change them. Natural sclection will sslect srongly
ﬁnﬁh“hihﬂmnmﬂﬁyﬂﬂi

ﬁgﬁ-. l’iﬂ plecesophoretically d

would be swongly selected againet in haploid organisms, but mutesions of selectivel

N electr mﬂmﬁﬂﬁm then a great deal of the
vﬁqhhnﬂ. Shaw (1990) found a substantial amount of varistion in
the morphology, germinstion pescentags, gamotophytic growth, and copper tolerance in
that msation cocurs ofien and at diffasent stages in the development of the moss plant.
chremsssmes por genevation mutates for contromers selooation in Rumex saatass L.

bs bislogionl seaponses 19 envirenmental stimull, sather than simply sandom ovents
(lohhandk -Schupp 1900; Lanski 1900; and Roth ot al. 1989). Finally, smmsions may bs
pesticulerly impestant in loug-Sved peseanials, ke sems moss species, as eash apisal bud
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lﬂtl’ﬂlﬂ‘dﬂiﬂﬂl:ﬂﬂiﬂﬂm

ively, clecrophoretically desectable geactic variation mary be indicative of
i#vﬁiﬁhhp#ﬂcmﬂ An obvious explanasion for high gene
m&-#igﬂwkﬂqﬁ“ﬁl
aumber of difforont spores. Assxual reproductic maintains genotypes in the populstion
—imﬁshﬁ-hﬂd_-ﬂﬂmmh
domisating the populstion (During and ven Tooren 1967). Sosms ressaschers suggest that
ﬁﬂﬂhmm““«ﬁﬂm
198%). nﬂﬁﬁ—innﬂ_dhgu_M)
mossnd;-ﬂm:mnmum)_:nﬁm
#h“mmﬂhmdﬂﬁdﬂﬁﬂhﬂn
ﬂ—ﬂﬂnﬁﬁ-ﬁﬁ“b:mqﬁhm
ﬁ-hﬁhﬁﬁ-q—ﬁiMIH-ﬁﬁnilﬁﬂzﬂ
1906). _ﬁnd.(ﬂﬂ)l—iﬁﬁnﬁldﬂd_—
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wese cultured in the laboratory for two 10 six months the differences wese aot detected.

cnvisonmentally induced.

(de Vries et al. 1909; and Szweykowski 1984). Plagiomains cilisss is sespeceed of
undergoing polyploidy long ia the past and hes since beea silenced at & aumber of loci
(Wyast &t al. 19850). Longton (1976) has suggested that the majority of mosses &s
frequencies becauss of their dominent haploid stats can be discesded in many cases 88
polyploidy allows for geaseic buffsing.
“-o”muﬂhﬁdiﬂnmﬂ_:ﬁm
longer diapessal sates then we aow know.,

infosmation en ths hissery or ovelution of & apecies (Crousn-Rey 1900a). Dewey (1909)
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found 0 geographic asrangement ia throe genotypes of Riccis dictyosposs. Innes (1990)
Sound 20 selationship betwooa gonetic and spetisl distances in popelstions in Polyirichum
”d*ﬁ“ai(lﬂh““nh\lﬂnu
2l.(1909) in Racopilem specics. w(msxm.ummu
mdwuuumaqﬂmqmuwu
range of his studies. He conchuded that in a small ares the microhsbitats in which
u_‘uwhﬂ)manhmhm
mw”thmm-&wm

hﬁﬁy“mamﬂhmmd“lﬁﬁnh
cxamined for its gons diversity. Gons diversity may be weed 28 an indicator of
Mpﬂﬁnwh“u”“ﬂx ‘Thess ass wes
chjectives 10 this smady: 1) ¥ quassify gens diversicy of M. iguata and © elats the
d'ndv“o—nm-hho&md“bu
w*”MEluh“D“dDO“
oﬂmhp“ﬂud“ﬂ*dh“bp&
mdﬂhd*du“hb“mﬂd
Son veriss with insiende.

M*h-‘-dnﬂum““- 3000 kum Ascilc-
wﬂum-m-ﬁu—uﬂhummd
h““a““l&l‘l’. The Yulon sagion is appeenimately helf way
Setwesa ths boseal and asciic sglons.
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35 N 116° 26 W aad 52° 30 N 116° 05’ W). This is s wooded area of ths Alberta
plain ot the eastern edge of the Rocky Mountain foohille. k is anderisin by Tertiery
blocks (Clayton et al. 1977a). Elevations rise between 1200 and 1800 m sbove sea level
(Drinkwater ¢t al. 1969). This area is also part of & sead dune complex formed by glacial
Lake Edeon (Slack et al. 1980).

The climats of the boseal segion is cool temperate with 2 July mean sonthly
samporatuss of 14.49C. & has & frost free period (sumber of days between the last fiost in
the spring and the first Srost in the fall) of approxismately 50 days and mosives an avesage
Miche_, stands ahemess with shundant ponds and open mises in low lylng sseas (Clayton
ot ol 1977x; Drinkwater ot ol. 1965; Slack et al. 1980).
wers in sl basin fens (ons on the west sids of the Fosserry Tywnk Road, five kom south
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The ssbasciic segion is locasd slong the Dempeter Highway betweon km 96 and
mmwwuwm.lewm The Dempeter
Highway is the link botweea Dewson Clty, YT. and lawvik, NW.T. & reas slong river
valicys and hill crests of wamanaged crown land.

mmamuhummnummm
eﬂd““ﬂ““hhhmﬁ
M“DﬂMdhOﬂ*“nhm
w-'h-uolm-ﬁnmhdhnh&ﬂ-ﬂ
mc”““d%ﬂ‘. This segion semsined unglacissed
M~WMQ1 197TM).

The climats of this segion is substmtially cooler than thet of the boseal region, with
--dlymhh-ﬂnw-bhl—ydcfmu'c
in July. Ansuai precigiumion is shout 330 mm. The average ansual fost fius peviod lasts
&mmmtﬂtdiymﬁhlm

'lhv“luhh*hhlﬂ*““d
“h“db““dh’“dq—* Fomend
ﬂuhhﬂm‘upﬂy“nnﬁnwuudlﬂu
snd Kojima snd Brocks 1985).

Five fous (siess) wese chossn for study in the subasceic seglon. Ons was along 8
p-n-uu—m.-n-ucumm.-uwu.
wﬂhh“*uhﬁuhmﬁdhm
m-nu-.-—m“u-- 190 on the cant side of
bwm.dhﬂmmMBdiﬁﬂbnl
asees (ens ot b 175 ea Dempster Highway (Plass 15-2), and the other ot b 1S eate

west sids of ths Demporr Highway).
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ﬁﬁﬁ-ihﬂhﬁuﬁﬂ:mmmnﬂ_
Island, N.W.T. (799 29 N, 75° 4T W). R is on covary lowiand which expands north
dmmﬂ_ﬂﬂﬁihha{iﬂﬂiﬂm
marings submergence. “ﬂhﬂqﬂﬂ;nnj—ﬂﬂ-mni
1980). Al sites wess located between 15 and 50 m shove sea lovel. Soils in this ares are
ﬂﬂbhﬁi-ﬂﬂhﬂi—dﬁﬂcﬁ“mn
al.197Th).
_-ﬂbﬂy—-ﬂﬂiﬂlnl—hpﬂdiﬂm(ﬁn&
lﬂdhqﬂ#hﬁﬁcﬂﬁgﬂ_d 26.1 mm (G. Hesny

hmﬁnﬁﬁiﬂi—ﬂﬁﬂﬁdhﬂmh
ﬂdhﬂdhﬂ-ﬁﬂﬁdhﬂnlﬂ-—htb
ﬂih“n_hﬂhﬂ—ﬂui—-ﬂh-ﬁiﬂ
ﬂ-hhﬂ-—-bﬂiﬁ-ﬂﬁ“dhdth“i
_Hﬂhc—gﬂ_ﬁ. u-ﬂﬂdmﬂﬁhﬂih—l
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ﬁqnﬁyhﬂ—i“muﬂﬂ:dhﬂanﬂS:mﬁﬁ

Fifty collections of live moss (appeoximmately 24 cme2, 7 cun desp) hevealer sefered
10 as domes, containing at least ton Mosaia Kiguota ssoms, wese collected from each of the
ﬂﬁmﬂh##ﬂwﬂﬂuﬁih“
chamber. The Says wess sat in & 4 can desp water bath 10 smmeliorate Smperature
difSevences dus 1 lighting on ths growth bench. The lighting was heid constant with 16
hours of ght at an intensity of 300 48 mol 5! a2 per 24 hour period. The water bath had
was hold a2 65%. E-yﬁﬁmiﬁi_ilﬂmﬂi_

hﬁ-ﬂhp”dg_-l—hdn
m:ﬁﬁp—iﬂldh_-ﬁ-ﬁp“i&ﬂ
d*ﬂnmhﬁ“ﬂﬁ-“ﬁ

ﬁ—_ﬁﬂﬁﬂpﬁnhhﬁﬁdﬁhﬂ

;-am!ﬂﬂ;-;tlimdﬂﬂ—ﬂ-ﬂ The entast was
ﬂﬁﬁg‘*ﬂﬂﬂhﬂ“hﬂﬁﬂﬁ
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loaded into 12.9% stasch gels. Malate dehydrogenase (MDED, phospl

PG cosssmass (FGM), and sidolass (ALDO), wess sesoived on a system
“iiﬂ*dﬂﬂlﬂeﬂhl—)-ﬂmlﬁkﬁ@
lﬂiﬁﬁﬂﬂ e *ﬁmﬁ&hnpiﬁqdﬁiﬁ

Piipal componenss asslysis ("CA) was perfosmesd on the dame 10 detesming the major
anss of vazistion and o examine any sesshing phytogeogsaghic pattern of sites with the
NTSYS-ps prageam (Rebif 1987). Allsls Sroquenciss were used 10 dsterming e gonniic
domus and Gheir shes of suigin. Fhonograms wess mads fom the valuss of | o present
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locus dus 10 the haploid condition of Mossis Kiquea gameophytes. The chromosoms
sumber of M. siguesa is a = 10 (Swere 1954, 1954 and Inous 1979) although, Inous
(and thoir alloxymes) detected ase: MDH-1 (A and B), MDH-2 (A 0 O), MDH-3 (A © C),
PGI-1 (A), PGI-2 (A aad B), PGI-3 (A © C), FGM-1 (A), FOM-2 (A), FGM-3 (A © C),
TPL1 (A and B), TPE-2 (A and B), GOT-1 (A), GIPDH-1 (A), GIPDH-2 (A =nd B),
ALDO-1 (A and B), ALDO-2 (A ©9 C), ADH-1 (A and B), and ADH-2 (A snd B). ADH-
amalysis. Allsle froquencies sse loted in Appondix 4.

Toml gens diversity (i) of the segions and intea-sits gene diversity within segions
gens diversity (D) is highest in the subasceic populations, lowest in the high asciic
populations and istermsdiats in the beseal shes. Five of the 18 loci expeessed
and 11 loci showed variation in the boseal shies. Mest of the loci that wese pelymorphic in
in the high avceic and boseal sites but ot in the subascelc siees, end Pyi-2 end Tyi-3 which
vesied in the subascelc shes but et in the beseal shes. The average gens diversity for each
of the vazistion in thess data can e accounted for by the luiadinal gadient & &
significanse lovel of p <<0.005. This grugh (Fig. VI-1) bowover, iusrutss the selsively
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nesting in Muossia iiquescs.

) 7 Hs Du
All sises 01509 00823 00685
High Axctic 00795 003567 00227
Subascslc 01446 00744 00702
Bovesl 01905 01310 0.0
Demss 01528 00447  0.1081
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Resuits from the PCA (Fig. VI-2.) show the high arctic sites in a small ares with
indicating & swong inflesace from Tpi-18, Tpi-1®, and Adh1-B slieles. Coaverssly the
boreal sites are scamered across PC1, but have high PC 2 and PC3 loadings, indicating
boreal siees (Fig. VI-2).

Geacsic similerities () betwoon pairs of sises rangss from 0.900 - 1.00 (Teble VI-
2). Ammﬂvu)uuﬂﬁﬁ-mﬂhﬁn
centvoids, and singls or complss liakage). A phenogram of the averags genstic idemity of
hn-nhuaﬂl“\ﬂﬂﬂhﬁ'nﬁj jationshigs poruayed
by the PCA inFig VI-2.
by the boseal dems that contained planss with & M- allele that wes slower than any other
n&-dhh‘--ﬂwcﬁ;_jbﬁﬁﬁﬁn
e lofk by the individual beseal doms (Mg. VI-5). The subascils deme is located cless
b“db“dﬁhh“dﬁﬁﬂﬂhﬂ
“.bﬁ““hhhmt—ﬁﬂﬂﬁhiﬁ
subasceic deme.
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Tabls. VI-2 Genetic identities (above) and Distances (below) among populations of Messia
igee from along an arctic-boreal gradient. (EL = high asctic sites, YT = subarctic sites,

and AB = boreal sites).

Populmion EL.1 E2 H3I E4 ES YN YR YD
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represonts the dome from an high asctic site, 2 from a subarctic site, and 3 from
a boseal siee).
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m.-eu-unﬂnﬁ-“—gdd—-m-;—nﬂx
10 that shown by segions. The boresl dems is much fsther semoved from the other (w0
uhﬁu*hhhﬂmﬁiﬂmﬂﬁ#ﬂ
aliels in the bosesl stems. The boreal demss showed polyw: hiom in cight of 16
mwhﬁﬂﬁﬁmﬂnd’ﬂmdu
Mwunma—-_ﬂh—ymandhqﬁ--“ﬂ
a&b\n-l).-ﬁ“hdnhjﬂ-ﬂhnhuﬁh
p‘vﬂydh#ﬂﬂbdﬁhhﬁﬁ-hﬁi—iﬁy
-.—uouu*hﬁﬁi—ni—hhn-ﬁiﬁnﬁm
#v&“ld&hﬂ_ihﬂd-ﬁkm&ﬁﬂ
udt&d“ﬁnﬁﬂ.dihﬁgﬂﬁdhhd*i
0.9722.

Genstic divenity
Vﬂdp“@ﬁ__ﬂﬂﬂh-piﬁ-
mmentesem Gledw.) Biid. m—ﬁﬂh-iiiﬁ*#
wﬂn—ﬁ-ﬂ-ﬁmﬁpi—big



0.151
0.18
0.17

0177

0.167

0.183

0.074

this paper

de Vries et al. 1909
ds Vriss st ol. 1989
de Vriss st al. 1909
ds Vriss et ol. 1909
de Vries et al. 1963

Yamaseki 1981

Nevoetal 1979

148



149



150
secords fior Hiverworts cieed by Wyast ot al. (19850) indicate that overall, hepeties sy huve

liverworts would aleo support Khanna's views, but the evidence is scant.

Homlcuss spostessum C. Koch (Nevo et al. 1979) or Bhiox caspida Schesle (Levia
(Landkviet 1979). In torms of averngs genstic hetesogensity, m0sses appesr t be slightly
;_hhnﬁiqﬂ“hnﬁug_in
m“ﬂhhnﬁﬁﬂhﬁﬁﬂh
which ass move similer ©0 the acwsal cass; M. Kigmeta being disicous. Diceclous plants ase
low in gene diversity presumsl y becanss many 50e0rt 80 vegemsive sepsoduction 0 offsst
has divessitios a3 high as thoss seported for smtogamous, besmaphsodieic, or faculmsively
ﬁﬂﬁ“ﬂh"dlhgﬁhﬁ-ﬁhbﬁ
mosses (Tubls VI-6). Mosses agpear 3o have semmsiubly wids snges of | ameng
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0.520 10 0.990 ia identity (ds Vries ot al. 1989) and those of Sphagmmn DACHIYE) Var.
macroasts renge from 0.430 10 0.864 in identity (Danicls 1985e), whereas withia many
vasculer plant populations, ] values among populations are rasely lower than 0.700 and
animals such as the cave dwelling beetie, Spaonomms aophosians Sevicy, and the
Opossum, Diadeiphis virginisaum Kerr, do not have values of | among populations below
0.900. Genstic identitics among populations withia soms bryophyte species ass as low as
most values of ] between vascular plant specics. Presumably the largs diffosences among
populations in mossss is & result of clonal growth withia populations whese single
genotypes may be common in ons populstion and rass or aon-existant in ancther. The
sites used in this study are not as widely divergeat in ] values as other mosses indicating
that the vesiation ia this moss is selatively consistent thoughout its range which may imply
a high dogres of gons flow.

Alhough M. xiquoss has a low geactic variability, both in gene diversity and in
ths rangs of | valuss among populations selative 10 other moss specivs, this moss is
comparabls in both thess indices 0 many vasculer plants and animal species. Genstic
varishilicy is sequired for evolusion befoss any ecological, spatial, or sumporal sepsoductive
bassiors can be effective in leading 0 specistion. Bvideady, if M. xiguesta and other
mossss ass evolving slowly compared 10 cther crganiems, it is not becanss they have

depauperats genctypes.

Genstic veriation with intisads

A pattom in the amount and typs of geas diversity in Messis xiguats slong & lstitedinel
gadient wes predicnnd. The amount of fruiting in M. siguats over the ascaio-beveal
goadiont wes not investigated quantisatively, but far fower sposophytes wese cbesrved in
high asceic sites than in subasceic and bovsal sites both in the growth chamber during the

cultusing pesiod, and in the fleld (unpubl. cbs.).
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In fact, the gene diversity of Macsia Kiquotta doss decseass with lasisede. Aleo,
vaiues of ) in smbtidisensional space indicass that the boseal sises ass firthest fiom the
high asceic sites and the subssctic sitos sit in an intermodisss posision.

‘The floristic ags of the segions may have bearing on the amsount of gens diversity
in the segion. The high asctic and boseal populasions both maderwent glacission selatively
secently compased 10 the subsscic segion, thus the subascelc segion is older than the other
two segions. The okdast segion would be expectad 10 have the greasest ganetic diversity
umummwmuuuom-&-u
sscond, because the yonger regions would have been colonizsd by only & few members of
the old populations. Indecd the highsst amount of inter-sies gens diversity was found in
the subasctic segion. Packer and Vit (1974) have suggested that a sefegium existed during
hW‘MMI‘MMMﬂB“hI@h“
the boreal sites used in this ssudy. In which case, the boreal sites which have the highest
“pm-qmumumoundm-um
the Wisconsinen glacistion in the Mountan Purk sefegium.

m”d”‘wmmﬂnmﬂ“l“nnu
vary with lasisads, and elecurophosstically detecsbls genseic vasiasion is an indicasor of sl
genstic vasiation. Mhhwd"muh*mbu
than the changes in the amoust of gens diversity over the gradient. The PCA excludiag
individusl dome data (Rig. VI-2) shows & sopasation of the boseal sites from the sises of the
other two segions. Thevs is considesabls overiap butwesa the high asciic and subasciic
““bh-hm“hh”mn The
PCA which included the das for the ssesyed demes (Fig. VI-5) shows sepasstion of
ﬁumdﬂ.hhmdba‘-h“whndh
doms dasa, espocially the baseal dems with the siow Midhad sllele. The geaotypic charaster
of the beseal shaes difirs substamsially from sitss of the w0 aerthem segiens and thes



155
appears 10 bs soms diffevence betwoen the subarctic and the high asctic sgions. Possibly
the vary seswicesd range of the high arceic sites is due 10 2 high proportion of vegetative

Evidently, the amount of genc diversity in M. iguetca is relsted 10 lntiende,
not appear 10 follow a lasitedinal gradicnt, I suggest that selective prossuses along the
jo-bovesl gradisnt may be less effective in generating genctic varistion than random

Genotypic selationships betwesn demes and thoir siies of origia.
The thisd chjeceive of this sady was 10 determine 0 what dogres the gene diversity in a
dems is sopresemtitive of the sits & & whols, and 10 determine whether the selasionship
individuale) I would enpect the dems 10 bs 2 good predictor of the geastic ssuctme of the
se. Ahamatively, if the genetic hetssogensity was in a clumped paste of clonss closs ©
gnstic suctuss of e alts, in that the dems would caly inciuds & ssall sumber of clenss
selative 10 the toml sumber of clones in the sits as & whols.

In Mensle niguata. geoe divenslly within  deme appenss to be prapontionsl ©0 the
amount of vesiation in o site 23 2 whols. The genstic identhty of desmes of M. xiguatn
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solasively high in the boseal sites (Table VI-1), insormediets is the subarcuic siees sad low i
cmn?) from the bovea? 10 the high asctic regions, in other wosds, clone sizs appears ©
incroase with increasing latiends. Larger clones would be expected in aress where the
amsount of ssxual seproduction is relstively low.

Conclusions

thoss of vescular plasss and soms animals. The existence of thess genstically diverss
species of mosses and Niverwors contsadices the kyposhesss which st that bryophytss
mwpwﬁﬁﬁdﬂiﬂmﬂﬂhmﬂ
‘ow incidence of sexnal sepsoduction. Rather, bryophytss appear 10 posesss & moderats
soquised flor aatwral selection or geastic dri&t © W place. The amount of ganseic vasission
hmhuﬂy-ﬁ-g‘yﬂﬂnqﬂiﬁhﬁﬁh
mmmhnﬂ:nﬁhn#ﬁnvﬁ“ Indosd, ks may
hhmmmﬁﬂﬁymmﬂ-ﬁn
“&mﬂ:hnﬂyi‘rm that bryophytes
ovolve ia physiclogy rather than mot ’j'n“hﬁiiﬂ‘; The
’uﬂdbmﬂ—nh,ﬁﬁityii isonmeental faceors, such as thoss assooiated
ﬂ”hﬂ.:hﬁnﬁ;hmhpﬁhl_-ﬁ
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Finally, the amount of geastic variation in Massia xiguatta appears © be controlled
move by ssxual seproduction and possibly historic events than random mastations. The
amount of gens diversity in this moss decreases with latitude as doss ssxwal reproduction,
whereas | would expect mutation 10 be random rather than cocurring in relationship 10 an
envisonmental gradient, although there is evidencs that mutation may be panially
enviscnmentaily induced (Eckhards -Schupp 1989; Lenski 1909; and Roth ot al. 1989).
Mastation as a sowsce of geastic variation at the population level sequires a great deal further

investigation.
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Maocels iguats (Riche ) Acagsw. is 8 rich fon indicator species of high fidelity and & long-
lived posennial of stable habitats. Kt cccurs in alkaline fons with high pi (6.5 -7.5) and
high calcium concontrations (3 - 60 mg+-1), and with other bryophyss species comumon
0 rich fens such ss Catoscopinss sigrieems (Fledw.) Brid., Scorpidum scospicides
diswibution of M. siquess in North Amsricc rangss from aorthernmost Ellssmere Island
suneyivenia sad

Wisconsia in the east. Aleo, collections have been mads from wes'era Alaska east ©
heve cocussed in & similer diswribution 10 that of the preseat day, slhough ths disufbution
sppoars ©0 have exsended slightly farther 10 the south ot diffesent periods in the last twenty

Massls Siguatia wes weed as 2 sepressatative species 10 explose the evolutionary
which in aa indicates s potemsial for evolmtion. Ths strengih of the selstionship betwesn
the gradient and the bislogy of the plant indicasss the degres of evolusionary potential.

The hablint sectlen of this stady is unsuccessful in cleasly dstermining whether or nst the
susfase water chemiswry of e fans in which M. miguetm ccouss vasies with luimde. A fr
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reconded wese typical of M. Kiguotcs hebicats in the Yakon. However, some wsofiul
significansty with lntinuds indicating that the aquasic habieat of M. siguates doss not changs
mnhbh“ﬁmﬂnﬂhnmﬂ
_hﬁ.“hhwh“ﬂihhhﬁ*
(Odgassd 1988 and Slack « ol 1900). The pH rangs of weters analysed in this ssdy is
mm.dﬂl.uh-ﬁdhpﬂiu-phh-ﬁ_
bhnn”h*pﬁig_hgig

2. Mosphology.
Merphological varission dus to elther phenotypic plastickty or geastic variasion can lead %
Mﬂﬁnh-ﬁnmﬁncmﬂ_
ovelutionsry potential. Bloven musphologicel chasacters wese measused i each of uee
ub&t“*ihﬁ:ﬁﬂhﬂﬂ-jqjﬁﬁ
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ﬂwﬂﬂyﬂ“ﬂhh?& Discrissinant snalysls
morpholog ,,fﬁhlhiﬂ“nﬁﬁ

ifSoven RORG Specimen ﬁ_ﬁhm*ﬂ“
q_n-m—--n Mﬁﬂhﬂiﬂh“i
thoss of the High Asctic region. Possibly the pressace of wress sursounding the fans i
ﬂhﬁﬂ—iiﬂhh-ﬂﬂﬁﬁhﬁ y
growsh incoements lengihs and weights, and leaf longths decseass with lntisede. The
vasculer flem of the ascaic is well known © bs small in stetwse; this is contsolied both
genstically twough selective preasuses such as wind and it associased efieces, and
phenotypically wough low wmpesatuses and suient avallsbility (Bliss 1962; Chapln
1983; Savils 1972; and Wassen Wikion 1966). The diffeseace in leaf shape aleng the
asctio-besenl gradiont sesulis in plams with & mose compact growth fem in e asstls
compased o thess of the ssuth. Compact groweh-fesms ase chesastesistic of bryephyess i
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In conclusion, the mosphology of Megils Kiguesa varics over aa asctic-boseal
gradiont, and shhough the selationship between morphology and intiseds is significans, it is
not particulasly strong, which indicates that M. siguetss is capabls of adapting © local

visonmaents 10 & curtain extont, thus this moss may possess & moderass potsatial 10
evolve. mn—i—mminmu—ihhh“

ificant differsnce was found in the anaual growth increments lengihs of Massle
Wﬁh!#ﬂh-ﬂ;hﬁhm*ﬂ*

—nﬁh-“ﬁ_“nﬁm—*n‘h
asctic pepulation sppesss to bs locally adepeed ©0 is euvironment. The abilisy 0 adapt ©
lecal envisonments indicates the abilicy of the speciss 10 divergs and evoive.

Massls Niguatia shows a0 plastic sesponss in growth s 0 the aquasic
_-ﬂﬁﬁ“ﬁ“hﬁﬂﬁﬁ“b*ﬁ
n_mhhﬁh“ﬂnnhﬂh‘ Alw
the pii of the of the bemal water is closs 0 the mean pH for fens in which M. siguess
coouss at 7.4, whereas the asvtic water has & pH o the apper extrome of the meer’ netusal
habiset a2 8.1 shopoor ). Fusthormass, 20 difansnss in growth was detsstad betwesn
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Nivogea fersilization of the lovels used in this experiment appear 10 have 50 effect
on the growsh of Massia wiguesa. This result was surprising becanse many Sghagaum
specics fortilized at this lovel showed cither enhanced or diminished growth (Austia end
w-uﬂnen-ﬂ—wdp 1986; and Press et al. 1986). Agﬂﬁﬁim

nﬂnnﬁ*hbn—iﬁlu Movseover, alsogen appears aot
10 be a miding factor in the growth of M. xiguexs.
possibly cthers, are well equipped with 2 high potsatial © evoive.

The geasiic diversity desscted in Massls Kiquann is comparabils © thoss found in other

mosess (ds Vries ot al. 1983 and 1909; Wyast ot al. 1909; and Yamamnki 1961). Massla
The sitss in this ssady ave movs similer 10 ons ancther then ass populations of ether

moss species seposted (Denisls 1962; ds Vriss et al 1963 and 1909; and Wysnt &t ol. 1909)
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among sites, relative 10 other moes specics, this moss is comparable in both these indices
% many vasculer plant and animal species. Bvidemdly, if M. xiguatcs snd other mosses are
evolving slowly compared 10 other organisms, it is not bocasse they have depauperase
moasusod quantieatively, but far fower sporoplrytes weve cbsarved in high asceic sites thes
plane.

The amount of genstic diversity decssased with latiseds as was expeceed. Also,
Bvidendly, he amount of gmetic diversity in M. iguates is solated 00 lashude, but the
ik
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In Mesals Kicuona, genctic diversity withia a dome appears 1 be proportional
txigueica snd their sises of origia decreases with ince ]
is high in the boreal sites, low in the high arctic siscs, and intormed pubarcic
ﬁiﬂhﬁhﬂﬂﬁ-mtﬁpﬂﬁﬂ“mn

The morphology of Massla Kiguetca varics significandy with latisude and the variation is
substantial encugh 0 allow for discrimination of specimens from thees ecoclimmic regions
appears 0 bs genstically contsolied with very linle affect from the aquatic envisonment in
which the moss lives. Such a genstic difference may bs interpreted as adaptation ©
envisonment. Genstic diversity in M. iguairs is comparsble 0 geastic diversity in many
ph—iﬂﬁ. mimhl_-“n-h

Boolegical “ﬂmhihﬂ of genstic diversity ar ovelutionary pﬂ
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change, aatural selection can act 10 stabilize traits rather than change them. 1 suggest that if
M. xiqueta evolves slowly, it is because it is well suited 10 its environment, not because it
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number, B = leaf number, C = leaf loagth (jim), D = longth from lesf apex

Where: A = sis

» F = D/E = leaf shape.

%0 leaf shoulder along the costa (um), E
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Morphological charactor measurements in Monsia triguess - Cell leagths.
Where: A = sitc sumber and B = leaf sumber.
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condary stem clongation.
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Allele frequeacy table of 18 loci in 15 popula
(EL = Ellesmere populat

Appendix 4

Deme, and 8 = the number of individuals scored)

Isozyme ELI

EL3

lons, YT = Yukon populations, AB = Alberta populations, D =

YI3 Y14
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MDH-1
(n)

MDH-2
(n)

MDH-3
()

12

0.00
1.00
0.00

1.00

2
0.00
1.00

16
000
1.00

0.00

0.78

1.00

0.00
! im

0.10
0.37
0.53

l im
0.00

!im

0.17
0.83

0.03
0.97
0.00

1.00
0.00

14

0.00
0.07
0.93

0.83
0.17
0.00

0.00
! i@

0.89
0.11



2

PGI-2

() 1 0 o0 3 0 6 23 21
A 100 — —— 100 -~ 017 100 100 100
B 000 — —— 000 -—— 083 000 000 000
PGI-3

() 29 3 30 25 3 30 30 30 9
A 100 093 100 100 000 0.17 000 020 000
B 000 007 000 000 100 083 100 030 089
c 000 000 000 000 000 000 000 000 0.1
PGM-1

(n) 21 24 28 3 29 30 23 0 2
A 100 100 100 100 100 100 100 100 100
PGM-2

(n) 30 30 3 29 3 3 3 3 2
A 100 100 100 100 100 100 100 100 1.00
PGM-3

(n) 30 3 29 3 » 2 nn 23 N
A 000 000 000 000 000 000 000 000 0.00
B 100 100 100 100 100 100 100 100 1.00
C 000 000 000 000 000 000 000 000 0.00

19
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Isozyme ELl El2 EL3 EH4 ES YN Y2 YI3 YT4
TPI-1

(n) 30 2 27 30 30 3 3 30
A 000 000 000 000 000 000 000 000 0.00
B 100 100 100 100 100 100 100 100 1.00
TPI-2

(n) 3 27 30 30 2% 30 30
A 000 000 000 000 000 09 000 000 093
B 100 100 100 100 100 0.10 100 100 007
GOT-1

(n) 0 3 30 30 % 30 30
A 100 100 100 100 100 100 100 100 100
G3PDH-1

(0] 20 0 26 0 0 0 0 0

A 100 100 — 100 - — —— o
G3PDH-2

(n) » 2 » 0 30 3 y 1 30
A 100 100 100 100 100 087 097 09 100
B 000 000 000 000 000 0.13 003 004 0.00
ALDO-1

(m) 3 21 19 1 0 3 0 1

A 000 000 000 010 000 -— 000 — 0.00
B 100 100 100 0% 100 ~— 100 — 100



B2

EL3

YT4
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(n)

(n)

Qim
0.97
0.03

0.00
1.00

18
0.00
1 Qm

0.40
0.60

1.00

1

0.00
1.00
0.00

0.00
1.00
0.00

0.41

13

0.00
1.00
0.00



Y13
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MDH-1
(n)

11

0.00
1.00
0.00

0.12
0.22
0.66

135
0.07
0.93

0.00
0.37
0.63

0.43

0.00

0.93

1.00

0.73

0.00

30
0.00
1.00

0.00
0.00
1.00

13

1.00

1.00
0.00

1.00
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0.17
083
0.00

0.00

1.00

029
071

0.17
033

09
0.10

0.27
0.73
0.00

1.00

1.00

1.00

1.00

0.78

2
0.00
! im

0.10
0.90

1.00

0.81
0.19

on



YD

(m)

w >.

097 093

- 073

13
1.00

17

088
0.12

13

0.92

1.00

1.00

1.00

0.87
0.13

1.00

1.00
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Isczyme YIS ABI AB3 AB4 ABS ELS YIS ABS
ADH-2

(») U 2 18 13 26 19
A 0.00 0.00 009 027 061 000 000 095
B 100 1.00 091 073 03 100 100 00S



