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Lo nlteg§ ,‘

to snn—flecks, had =nrface telperatures close to a‘r
)'telperatnre.'

'Tﬂ% of that reaching T- n;tegs.,

ABSTRACT

Tomenthyppur

in fens where the tree and shrub canopy is sparse and the

vater table is close to the surface. The Feather moss
spec1es LH 1locom;ug §2Lendens (Hedu )

BSG, Pleurozium
'schreb _(Brld )

Hltt., and tl;lnm crlsta castren51s

,.(Hedu.) .De Not ] fornm nore open carpets in shaded and better'
drained habltats. A study was made of the env1ronments of
these noss co-nunltles at a site near Bdson, Alberta and

parameters controlllng grouth rates and habltat 11n1ts of

Ty the speczes were lnvestlgated. L ' -?

Global short-uave radlatlon 1nc1dent on the Feather

\\nosses ‘under’ a tree canopy averaged 20% of . that on T.: nltens

1n the open.r Dxnrnal a;r telperatnre fluctuatlons uere

s

, ahout u 5°C lower under the forest canopy than in the open.

Thé canopy snrface of T. nltens shoued large temperature

,varlatlon, v1th tenperature elevatlons as_hlgh ‘as 15°C above
ambient alr[

thle the ‘Feather - nosses, except n exposed

Free snrface evaporatlon rate over forested

, Feather BROSS s1tes averaged 57% of that in the qpen over T.

whlle rainfall reachlng the Feather nosSes averaged
uean vlnd sPeeds over the.

Peather nosses vere also lover than over T. g;tegs.

ueasurelents showed that the capaclty for. net

assxnxlatlon decreased ulth depth fron the. canopy surface in

[N A S
TN -



- varlatlon

all spec1es, and that net'assinilation rates decreased with
decreaSLng vater contents helow 3 geg dry wt—1, and
approachedvzero at uater,contents below 0.4 g e g dry wt—t,
optimal light levels for H;'gp;gggggs aud‘T. gitens vere
found to. be 250 and 150 p Elnstdln !*' dgc-l respectlvely.
fn addltlon, the relatlonshlpq LQ1\~¢& ua@er content and

,Avater potent1a1 were deternined for all spec1es.

Growth of T. g;;gg; vas neasured relative to small wire -

‘ stakes and net productlon fron uay to October 1975 averaged

190 g 1-2' Spatlal varlatlon 1n grovth rate was correlated

. with the colour of the aplcal region and appeared to be

fcaused by varlatlon in aplcal water contents.: Seasonal y

grouth rate uas correlated vlth depth from the

y surface to the ground water table.' The growth rate

-pOf I. ni gs uas probably controlled by the halance between,f

)/~\rate of transport of vater through the canopy and 1oss
o through evaporatlon. The nost 1nportant env1ronnental

factors appeared to ‘be. total precipltatlon. followedfby

LR ' o 9
evaporatlon stress. S : o :

Grovth of the Peather nosses was estlmated by neasurxng

l“dry uexght changes of layers of xloco g pl ade s, and

: net production fron uay to October averaged 79 g u-a

'Grovth was correlated uith the 1ength of tlle that th oss

N

'rvas vet and thus vas probably ccntrolled by freguency o

7-'jprec1pxtation.r Slnce grovth rates were neasurably redu ed

by re-oval of a- sparse shrub canopy. evaporatlon stress wvas

‘;'jprobably a second i-portant factor. f

Pk



Survival and grqwth of Tomenthypnum nitens appeared to
be linited by gvaporafion stress in habitats where ground
water wvas not available. Feather mosses ‘appeared to be
limited by tadiatioh’danage and evdporation stress in-open
habitats, by deéréssion of net assimilation and other
deleterious éffects of saturation in wet habitats, and by

insufficient ‘rainfall under dense tree canopies.
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I; VIRTRODQCTION.ﬁ
e ) HosseStoccupy a significant proportiOn of the land area
and form a conspicuous conponent of the vegetafmon
throughout boreal reglons in North Anerlca, Europe’ and Asia.
thtle is knoun, however, about the env1ronnenta1 factors
which control thelr growth rates and habltat llmlts, or even"
.uhat the env1ronnental characterlstlcs of these habitats’

<
are., '

hosses not only have cons;derabIe ecologlcal 1mportance

“in the boreal forest, but thelr tendency to grov in unlform‘
,:carpets of one or ‘a. feu sPec1es fac1lltates 1nvestlgat10ns
of the role of ulcrocllmatlcofactors 1n controlllng the  u.

' growth and dlstrlbutlon of plant comnunltles.a The ‘more or
less even canopy surfaces, the relatlvely snall air spaces
7 between the//:Lns; and the general absence of‘any . ,
’ 51gn1f1cant beiow ground grouth nake then ideal subJects fouf'

detalled study of env1ronnent~plant comnunlty 1nteract10ns.}
Progress in thlS area should be rapld once the basxc'
controlllng factors have heen establlshed.d'

L ' 8 /Water appears to be a najor factor 1n controlllng

N

e gronth and dlstr butlon of. nosses. Thelr vater relatlons,

however, are fund nentally dlfferent fron nost hlgher

4

plants. They ‘lac root systens,’conductlng systens are

\of vascular plants,

.’and they have no lechanlsls for water storage or, as, I

generally not\as Hell developed as those

o

A

N ‘ ., N ‘,' 4 ', 1. . i ‘7-' .' ‘ : .. ,'y( . ‘v



2

individ%als, to reduce_vater loss. Anderson/(1974x recently
tated that:

"The water - reglne to thch nearly all non-aguatlc
hryophytes are adapted is as follows: saturation
‘of plants by rain,- dew or fog; immediate increase
in metabolic activities, 1nclud1ng resumption of
photosynthesis within minutes, if or as soon as
there is sufficient light; when rdin stops and
h0llﬁlty drops, plants begin to lose water by

- evaporation; as plants dry out, netahollsn,
‘"including photosynthesxs, decreases, and at a ., ,
certain level of desiccation photosynthesis ‘stops,
other metabolic activities decline to a low level '
commensurate with temperature, and growth slows
and eventually ceases; plants remain inpactive’
unt11 revetted, vhen the routlne beglns anewv, "

Whlle thls descrlptlon applles to dry hab1tat spec;es
which. have 11ttle ‘or no access to substrate*vater, the-
. : .
‘51tuat10n wzth nosses growlng 1n wetter habltats 1s nore

k4

'~comp1ex. Dlscuss10n of the source of water for such spec1es‘
1present) 1n 1ts transport, 1n fact, has a hlstory of
controversy extendlng back to the 1880'5 (see Blalkley.
”1932). uost bryophyte specxes do not posess central
7conduct1ng strands and water lovement 1s prlnarlly v1ah#
'.-_external caplllary sPaces betveen the 1eaves and along the‘t'
lste-s (Bowen 19317 Hagdefran 1935, Lnderson and Bordeau"'
1955,‘Tallls 1959).‘ In nost specxes, houever,‘the relatlve
1nportance of water fron the atnosphere (raln, snou, fog,'

’deu, etc ) or fron the substrate, and the effeCts of other

'nenvzronnental factors 1n regnlatlng rate of galn or 1oss of

'H'uater have - not been studled.
| Rates of 1oss and freguency of uettlng and drylng can

v'be critical in controlllng noss grovth and dlstrlhutlon.



”’.,,For-an 196“).4r

'~vstructures are preSent, 1s suhject to de51ccat10n 1f the’_

o ;in the cytoplasn (Patterson 196“, Lee and Stewart 1971,

ﬁf'recovery fron des;ccation Hould therefore be expected

Rate of water 1055'froe'individua1 stems_is comparabie to
'that'fronea'free water surface (Barkman 1958, p-81), and
bryophytes:inevitabiy.iosevuater, except in a saturated
ataoseﬁere (Tennant 1953:,Tallis 1959; 196u{vhinshiri and
»Proctor'1971). 'Rate'of ﬁater 10Ss, hduever, can be greatlj
'nodlfled by the norphology of the moss canopy, i.e. the
rgrowth ferm of the moss (Tallls 1959, Hosokawa et 3;. 196&).
A close correlatlon betueen grovth ‘form and habltat has been

Ifrequently noted (Glningham and Ro ertson 1950, Hamllton

1953, ‘Seim et al. 1955), and'son‘ st dles,have attehpteﬁ to

1aent1fy some’ of the paranete inv lied'(éiminghan and:

e,Blrset1957- Birse 1957,‘ ; a;b; G;mlngham and Brynard
e_i§59).4 Understandlng of cause and effect relatlonshlps,
hovever, requlres the 1ntegrat10n of laboratory |
tphy51ologlca1 studles and fleld experlmental work and very

g few studles of thls type have been done (see, houé$ér,

The growlng reg;on of the ‘ROSSE: at the canopy snrface is-

'not protected fron water loss and, 51nce no uater conserv ng

S

ftuater supply ls 1nterrupted-A D1fferences 1n ap1ca1
* -orphology have a~negllgib1e effect on reszstance to vat‘r

&floss and any resxstance to de51ccation stress 1s exh1b1 ed

{
[
“ybllks anﬂ Proctor 1975).“ leferences 1n tolerance to aLd

‘V.ASLgnlflcantly lnfluence the growth rates and habztat 1 nlts ,



I B

sl

- of the moss species. - - o oo

Other ‘environmental factors such as radlatlon,
telperature, evaporatlon stress and wind are also 1nportant,
along Hlth factors such as carbon dloxide concentratlon,

nutrlent halance, gra21ng and species reproductzon,

'dlspersal and estatllshment (See Barknan 1958, p-171) .

Solar radlatxon has a number of’ dlrect and indirect’

f effects on uosses, provxdlng not only energy for
»photosynthe81s but: also for evaporatlon of water from the

“canoples.;.ngh levels-of radlatlonfmay also'have a dlrecti

o

'dalaglng effect on some spe01es (Lev1tt 1972, p.u51).
‘,Tenperature 1nf1ueuces rates of metabollc processes and
levaporatlon rates and evaporation stress, preclpltatlon, and‘_ B

-;wlnd also 1nfluence ‘the spec1es' uater status.-‘~'7’

Thls study was de51gned to 1nvestlgate the effect of

phy51cal env1ronmental parameters on the water relations,-

'grouth rates and relat;ve dlstrlbutlons of tvo boreal foresti’
" MOSS communltles. Tbe 1nfluence of other parameters such ‘as

“‘chenical (CQ;, nutrlents) and blotlc (gra21ng, reproductlon,

etc ) factors, though llkely to be 1mportant 1n varlous'

s-aspects of the ecology of the spec1es concerned ,uere;.

5consxdered béyond the scope of thzs prOJect and were not '

'lnvestlgated. he-””‘

The study uas conf;ned to the snou—free season fron uay'-

'.Eg 0ctober._ Thxs vas due not only to lOngth
'?;con51deratlons but also the fact that,_although mosses nay

~hbe netabollcally act;ve durlng the ulnter (Tamu 1953, p 20-



Atanasiu 1969, 1971), evidence suggests that growth is
negligible during this season in continental and polar
regions (Tann 1. c;: Longton and Greene 1969; Longton 1970,
41972b) and that sn ow cover appears to have a mnegligible
g"effect on mOSS dlstrlbutlon (Tamm 1953, p.105);

The objectlve»uasrto select, and theh to compare and
'contrast, moss communities fron tvo different ‘habitats. The
cr1ter1a for selectlon vere that: the canopies had to be
robust (depth of liv1ng or.potentlally 11v1ng material
greater than 5 cn), nore or less homogeneous (elther ai’
| 1ngle specxes or a few spec1es ‘With 51m11ar growth forms);
‘and had to cover areas large enough so that there would te
-.no shortage of materlal for sampllng ar manlpulatlon
[cexperlments.bg , lr: R | |

The comnunltles selected uere one con51st1ng entirely
.

Y';of Iogegthxp g nitens (Hedw.) Loeske and another con51st1ng

o of a mxxture of _1locom1um ;glendens (Hedw ) BSG, Pleur021um

~schreber1 (Brld ) Hltt., and Pt11 cr1sta-castrens1s

(Hedu-).De Notuf The last three spec1es ‘are collectlvely

“,»deflned as 'Peather nosses' SR B

ﬁijthey are all cxrcunhoreal (Schofleld 1969,:Crun 1973)

ﬂ Ln add1t10na1 feature of the spec1es Selected is that

are conspicuous conponentS-of vegetatlon types uhlch occup

E : N

suhstantlal areas 1n the boreal reglon. Results fron thlS &\J
'vfstuay should, therefore, vith approprlate guallflcatlon, be

,appllcable to lany of the other areas where these spec1es



Tomenthypnum pitens (Plate 1a) is widely distributed in
boreal and arctic regions (Schofield 1972; Crum 1973, p.282;
Vitt and Hamilton 1955).- Details of the morphology can be
fouhd in Crum (1973, pp.§81-282), but the salient features
of inﬁe;est"in this study are that the stem and branch
leaVesvags numerous and closelj SPJ{fd and numerous rhizoids
arise fson the bases of the sten lea€§s;forming a dense
tomentum. This tomentum is more or 1?55 continuous from the .
- apex to the base of the stems and tends to. predomlnate on
one 51de (Plate la, see also v;tt and. Hanllton 1975). ihe
',spec1es is rather robust and forns dense carpets in fens
throughout-its range'&;.g.’xatzv1926, uoss 1955, Sjo;s.196ﬁ,
Khodachek 1969, Holmen and Scotter 1971, Viit"a_hd Hamilton
1975) .. Its habitat, which will be described more fully in
_subseguent sectlons,{is:usnafiy Chéraétefizedsby~awspa:sé'
tree and shrub conponent and a hlgh~vater table. tits candpy
W"can be class1f1ed 1nto the growth form categorles of "Tall !
_turfs, dlvergent branches of 11n1ted growth" (Glmlngham and
Blrse 1957) and "Tall turfs (rh1201da1)"'(81rse 1958a)f
fThese anthors note that mosses ln thesa categorles ‘
.'characterlst1cally occupy habltats uhere they arefnluays
-thhin reach of the uater table.“ N . o

‘:The Pe fer. oss,connun;ty,»vithisbmé vatiétion in the
ppropbtéiaﬁS“ogii:Z coipbheﬁtvspecies;'issfouhd,throughogt
the boreal reglons of Canada (Levls et al. 1928,:3055"19551
Ritchie 1956, Sjors 1961,°Loonan 1964, Jegluig 1973, Jegi'mi

.fgsrg;, 1970, LaRox_and.stglnger"1976),;noﬁthéastern dnited‘

’



o

Plate 1

: Morphology of Tomenthypnum nitens and the ‘three Feather mosses :

a). Tomenthypnum nitens (Hedw ). Loeske (x 1. 5) 

b) gylocomium splendens (Hedw ) BSG (x 1 3)

:c) Pleurozium schreberi (Brid ) Mite. (x 2)

d) Ptilium crista—castrensis (Hedw.)aDe Not. (x 1)







’

ttates (Sein et gl 1955, Buell and Niering 1957 Heinselman
1963, Billlngs and Anderson 1966) , Fenno-Scandia (Tamm 1953,
Ruuhijarvi 1960) and ‘the Soviet Union (Sukachev 1928,
Abolin*' 1974, Tarkhova and Ipatev 1975). The.SPecies are -
all 1ncluded in the “Weft" grouthffdrl category, the
characteristic features of which are "Shoots long,
straggling, generally robust, rhizoids usually sparse,
laterals often arched or ascending. rA Iloose inter-twining
of‘straggling shoots and branches“ (Giminghanm and Birse
1957) . ﬂnossluith the weft growth éorm characteristically
occupj shady and/or humid habitats (ibid.). ‘
Hylocomium splendens (Plate ‘1b) has a wide geographical
distribution and occurs in a variety of habitars including

vqalplne, subalplne, boreal and arctic vegetatlon (Bllllngs

and Drew 1938- Tamm 1953; Khodachek 1969 Holmen and Scotter

1971; Crunm 1973). 'Crum'(1973 pp- 342- 343) contalns

: drstrlbutlonal data and a norphologlcal description of the

spec1es, the featires of 1nterest in, thls study belng "Stems

Stlff and u1ry, regularly 2= 3—p1nnate in horlzontal fronds
in a step—wlse arrangement, each frond produced by an arched
and ascendlng, stolonlforn 1nnovat10n ar151ng from the
llddle of the prev1ous year's grouth " This feature of
annual grouth lncrenents vas used by. Tanm (1953) to examine
.dthe seasonal growth of this spec1es and to relate grouth to
d'light and nutrlent status.v R : - e :- jd'
;egroz;un _ghrebgrl (Plate 1c) has a more restrlctedi
:geographlcal range 1n North Anerlca than H. splegdens and v

e

A
N
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mainly occurs in boreal and subarctic regions. It is,
however, very widely distributed in Great Britain (Long ton
and Greene 1969) apd predominates in the Feather moss
communities in the Great Lakes region of North America (Seim
et al. 1955, Buell and N{ering 1957, LaRoi and Stringer
1976) . A morphological description and distributional data

can be ‘found in Cruam (11973, pp.302-304).

Ptiliup Cristg:gast;ensis (Plate 1d) appears to have a
nore.festricted qeographical_diétribution-than the other
Feather nbsees and,'although a2 consistent member of the
Feather moss eomnqnity,.:anely seems to be prominent. A
deecription of its morphology‘and distributional data can be
found in Crum (1973, Pp. 334-335).
- The three Feather mosses are roughly elmllar in size
and grouth rate and their growth forms are comparable enough
for the Feather BOSS canopy to meet the selection criteria

of relative homogeneity. Attention‘will be focussed

primatily on Hyloccmium s léhdens because the annual growth

layer phenomenon fac111tates comparlson between growth rates
and- env;ronmental factors, but the other species will be

» 1ncluded where approprlate.

| , There vere three maln objectlves in thlS study- The
t,ﬁifst was to make a detalled descrlptlon of the habltat and
'111 tocllnate of the IOSS communlties studled, in order to

~p ov;de lnfornatlon uhlch would be useful in establlshlng

_cdntrolled envxronlents for further detalled phy51ologlcal

;work and to prov1de basellne data for comparlson Qf moSs

- v"‘
.
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communitices in western Alberta with similar Ccommunitie:,
elsevhere in the boreal region. The necond ob jective wazn to
measure the growth pates ot the specics during the snow-troe
season and to correlate growth rates with cnviitonmental
factors in an attempt to identify the parameters controlling
the growth rates. The third objective was to investigate
the factors which might control the habitat limits ot the

spec¢ies and to determine-how these factors operate.

{

o



A - II. .STUDY AREA AND ENVIRONMENT

- b

- 1. Location.of'study'Area _ }""v'- R : i

The fleld study- 51te 1s located in uest—central Alberta7

dat 116°36'w 53°29'N, the full legal descrlptlon belng the
"northern half of" Legal Subd1v151on (LSD) 5 and the southern_
half of LSD 1z, Sectlon 16 Townshlp 52, RangeA18 Hest‘Sth
‘Metldlan (Flgu_1). o h‘v',_ - e
The 51te 1s a small mlre whlch hasadeveloped at the
head of a catchment and thCh is bordered by forest on the'
north -west and south sxdes. The mlre dralns to the east
v1a another mire, 1nto the ncLeod Rlver (Flg.\1). iAcce;s to

,*ﬁthe -area is by a rcad along a rldge on the north 51de.

The study area is dellnlted to the north 'uest and S

s

P
south by the catchment boundarles, and to the east by the

_boundary betveen LSD's 5 .and 12 and LSD's 6 and 11 (Flg. 2)._

PR

2., 'veéetation"
-‘The vegetatlon of the mlre and 1ts catchment was
subdlvaded 1nto communlty types on. the’ ba51s of vegetatlon

"structune and flOtlSth comp031t10n. Hlthln the 7.1 ha

N o

regloh 12 conmunlty types were suhjectlvely dlstlngulshed,
’and a llSt of the common spec1es with thelr cover-abundance‘
;values (Braun—Blanguet 1964) was made for each (Appendlx I).,

Voucher spec1nens were collected and are dep051ted in the
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e
Unlver51ty of Alberta Herbarlum (ALTA).

The mire 1tse1f (veg. type C 1n Flg. 2 and Appendlx I)-
occuples about 3 4 ha and con51$ts of scattered-trees with
an understory of,shrubs and herbs and‘an almost complete |
bryophyte cover (Plete 2a). The tree.crovn cover was
estimated to he abcut 10%, consléting¥entirely of gg;;gvf
ylar;c1na' (helght 2 to 6 . -m)’ and Picea hariana (2, to 5_m);

Taller spec;mens oi P ggg_ana (up to 12 m) occur.on snall

lslands of elevated ground 1n the fen, the largest of which

are shown in Flg. 2. The shrub layer 1s 'omlnated by Betula

pumlla:var. qlandullfera, wlth a cover of ab/ut 20% the:

“herb layer by Henxanthes trlfollata and var ous. spec1es of
,‘Carex, and the bryophyte 1ayer by Togenthypnum nltens.

| An area of about 0. 36 ha in the south-eastern reglon of
Jthe mire shows a’ dlstlnct pattern%ng (Flg.,2). The pattern

_ consists: of parallel rldges and depress;ons or1ented in a
.:north-south dlrectlon, perpéndlcular to the dlrectlon of

. water uovement.“ The rldges, orﬁ"strlngs" (veg. type'B), are

'f1 to 2. » wlde and support small Larlx lar1c1na (1 to 3 m)va
and occa51onal Plcea narlgna (0.5, to 1 n),'an understory

'Vthh 1ncludes Betu;a‘punlla var. glandullfera, and ar

. conplete ground cover of Tonenthxpnun nltens (cf. Levis etv

ﬂ’al. 1928). .7 s jf o ' o | ff o - - i 'fﬁ
The depre551ons, or "flarks“ (veg. type A), are 2 to -

3 vide and contaln standlng uater throughout the sumner._

'gIUnless otherwlse 1ndlcated, nonenclature for vascular
plants follows Moss' (1959), that for mosses follows Crum et
v:al._(1973), and for llchens, Hale and Culberson (1970).

N



a)

“Plate 2
Study area and meteorological sites;

Fen vegetation in study area. Trees are Picea mariana (foreground)

‘and Larix laricina,,ghrubs are‘Betula pumila var. ggpndulifera.

.b):Tomenthypnum meteorologicel site. Recording rain gauge left

‘foreground, evaporation gauge right foreground anemometers centre,v’

- actinograph and hygrothermograph (in shelter) background

“e)

IFeather'moss meteorological site. Trees are Picea mariana, shrubs

are mostly Lonicera involucrata. Hygrothermograph (in. shelter)

left foreground rain gauges and anemometer left centre, actinograph ‘

v

centre,‘soil temperature recorder right foreground.
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The‘vegetation includes Carex spp.} Menyanthes trifoliata,

Utrlcularla intermedia, Drosera anglica, prepanocladus

Ny revolven§ and 5corp1d1um turgescens.,

This mire conplex can he“con51dered a "rich'fenﬂ (sjors
1961), a "graninoid—rich.treed fen" (Jeglum,ét al. 1974), or
a "tran51tlona1 wocded mlre" (H: Trass, pers. comn. 1975) ,
'vand Hlll be subsequently referred to as a fen. Similar
vegetatlon in- Canada has been- reported for - Alberta by uoss
(1955) . ‘the Northwest Terrltorles, near the Alberta border,
-: by Talbot (1975, c1ted ‘in Vltt "and’ Hamllton 1975), Northern
'fOntarlo (s;ors 1961), and the uest shore of Hudson Bay by l

thchle (1960), Sjors (1963) and Ahtl and Hepburn (1967).‘

”,The vegetatlon resembles the "Sphagnum uarnstorflanum -

©

Braunmoore" described by Ruuh13érv1 (1960) as part of the
Aapanlre complex of central and northern ?1nland (see also
Hoore and Bellamy 197“, pp.25—27). It also appears to
t'correspond to thep"Bryaletl" and "Carlceto-bryaletl" sub—-
'types of the "Eryalo—parvocar1c1onl" peat types descrlbed by
'nfTolpa et al. (1967,,C1ted in noore and Bellany 1974, p.65)

"1n the central Eurcpean 1ow1ands and a conponent of

e "Nledernoor“ 1n central Russxa (Katz 1926).

Patterns of strlngs and flarks, on varlous scales, are
dcnaracterlstlc ‘of thls fenvtype (Helnselman 1963, sjors:

“1963), and the vegetatlon of the strlngs and,g&arks at ‘the

study 51te is very 51111ar to that descrlbed for northern
:Ontario by sjors (1 c.). ,'v"‘ e ’ P

An addit10nal feature of thls fen type 1s the scattered

3 i i . : .- . : -

PO . . . o .

- 9
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occurrence of Piceg pariana islands. The mechanisnms

controlling the origin, development, and,maintenance of
theSe:iSiands are not known (Heinselman 1963, Sijors 1963).
At the study ‘site the islands (veg. type D) support ‘a
vnlxture of,fen and forest vegetatlon under the P. mariana
cauopy. Spec1es such as Ledum groenlandlcum, Vaccinium

— o e s . . —_———smesma—

vitis—idaea var. pinus, C;adlua-ranqlferlna, Cladipna mitis,

Hﬂx; ;_ﬂ glg degg and _legrgz um schreber1 .occur on the

nore elevated regions, V1th Aulacomnlum E_lustre and varlous

other fen spec1es occurrlng on the slopes. Sghagngg

War g§torf;_ pre,ob' ates’on the north 51desvbetween the

islands and the fen.’

g . B .

IOn'the south Slde of the fen there 1s a tran51tlon zone

’domlnated by §9 gnug wgrnstorgll, S, g qu stlfollum (Russ.)

’YC. Jens. and Se fuscum gradlng lnto ‘a Plcea marlana'-/

Feather uoss forest (cf Lewls et al. 1928, Flg. 2).b The o

Sg_ggnum zone varles in Hldth fron 3 to 4 m in the southeast“

'of the fen to about 5 n 1n the-southvest. The forest (veg.f
_type P)’ occuples a lore or less flat area of about 1. 1 ha

A

'Hand con51sts of a tree canopy of g;cea ar;ana (helght 20° m,

crovn cover 80%),‘u1th .an understory donlnated by Ledum

7gr9gglgnd1c ggg_sg 11! ticus,’ lgur021u schreberl,
_.u.gs;gg_;_u sg;__ggggs and _g;__; ym gr;sta-castren51s.

uIsolated stens of Iguenthzg gg n;tgns occur in the vetter

areas and s-all patches of ggl gg g; galustre are also

,fpresant. - ‘
"7 This forest type has a wide distribution across North




America (Laﬁod'and Stringer 1976)‘and can'pe clearly ,
identified in vegetation_studies fron eiSeuhere in Alberta
(Leuis et al. d928, doss 1955) and inm Saskatchewan (Looman
1964, 5;glum 1973) , Manitoba (Ritchie 1956), oOntario (5jdrs
1961, Jeglum et al. 1974), and Minnesota (Heinselman 1963) .
This vegetation aiso appears to correspond to the'"Gemeine
Bruchwalder" 1n Fdnlandl(ﬁuuhijarvi d360i, to thedﬁPinetd"
sub-type of the ﬁpedo—pinioni" peat type in central Enrobe\

(Tolpa et al. 1967, cited in Moore and Bellany'197u,'p*é7i,

'=and,to th Pic eta hylocomlosa 1p north and northwest Russia
/ . s

(Sukachev 1928).'

vOn the north and northeast 51des of the ‘mire the fen

’

spec1es are replaced by forest Species across a narrow .zone

a

' at the ‘base of the sand rldge which forns the northern
boundary of the catchment./ There is no'wel;—developed'
fgggaggg_ zone but there is a‘greater oredoninance‘ofJLarig
;g;;___a and spec@%s of _g;;; compared with the fen's‘
esouthern boundary. Part of thls northern boundary forest

e

“(teg. type G) 1s very 51n11ar tc the forest on the south

side,except that ggggggtgg Q;gtense and EL f;uv at tile
. replacefE. sylvatlcun.r The renalnlng northern boundary

fforest (veg.:type E) 1s a. nlxture of fen and forest specxes.

The tree canopy con51sts of _39 g !g ; g along with Larix y

- ;aricina and Plnus cogto a var. atlfolla. Alnus crlsga

: and Sa ; specxes 1nclud1ng S. candlda, S. myrtllllfolla and
S. bebblanaoforn a conspicuous shrnb layer, and the herb

\”layer ls very leGtSE, consplcuous spec1es belng gguxsetum

SN ‘v
X

o
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o

pratgngg(and Careliaggatilis. The noss layer consists
-ainiy of,Igngnis.hugu'n.i_Lsns. ynum nemoreum Scop., and
athe4three Feather :OSS‘species., |

. A road occupiesythe crest of the ridge on the north
boundaryjof the study_area{'but the ridge delimiting the
northeastern boundary has not been diSturbed."The -
vegetatlon on thls rldge (veg. type K) 1s well developed,
with a tree canopy of g;gga na;;ggg, g_pg;gs tgggg;_;ggg,
and Pl.g_ gg;torta var. ;__1f011a having a ‘total crcun cover
‘ of about 50%. A;ngs cr;spa (cover 60%) and h phgrdla
“-<:\\canaden515 are consplcuous in the shrub layer and the herb

‘and RNOSS 1ayers are also-well developed. Pl roz;um

—— . -, e oot s

hut ‘Pt ;l;un gg;sta-castrens;g vas notlrecorded.'
The végetation on the south—facing slope of this ridgef
(veg. type J) is rather open Hlth scattered individuals’ of

Plnus contorta var 1at;f011a, Plcea marlana, and Popu ﬁ@s

,trenuloldes. ,The understory vegetatlon has a rather xerlc

' appearance Hlth feu tall shrubs and a herb and dvarf shrub
“Pver con51st1ng nalnly of Argtostaphxlos uva-ur51, :

B v§cc191ul v1tls~1daea Var. ! _§, and Geocaulon 11v1dum.

'_1;___51_5 s 1ende Se. g;gg;oz_g; schreberl, and chranum;
- polzsetul~are restrlcted to the lower part of the slope near

| the trees borderlng the fen (veg..type G)', ' ' a_{u' —
. . Thewnorth—fac1ng slope of the ridge dellultlng ‘the .
"southern catchnent boundary has-a.nore luxurlant plant

' connunxty (veg. type‘H) than the south facxng slope

~
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-

described above. The tree species are the s&{e, with the

addition of P_Euluc balsamifera, but have a hiIgher cover,

nd the shrub layer of Ledum grognlandlcum, and moss layer

of Hylocomium splendens, Pleurozium schreberi, and Ptilium -

crista-castrensis are very well-developed.

The crest of this~southernlboundary tidge supports o
rather xeric plant‘community'(ieg. type L) which is Similér
to that*of‘the south-féoing'slopé (veg. type J)fdescribed‘
above. The ridge.oreét vegetation, howevef} has a_higﬁer*
species fichness and a better “develored tteewond(shrub
oopéonent.'

The hlll which forms the western boundary -of the

catchment supports a vell developed gopu;hs tremu101des

forest (veg.ftype M) . Consplcuous spe01es lnclude Alnus
A
rispa and A_;l pudicaulis; the over- all spec1es rlchness B

is hlgh.

S
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3. Climate . *

a) Macroclimate

The‘climate of the area can be described as‘Boreal
Cold-temperate and‘meteorological data recorded by
Environment Canada at Edson (see Fig. 1 for location) have
beenvcondensed into a climate diagram (Walter_and Lieth
1960) (Fige. 3).- The area experiences long, cold winters
Qith'hoderate amounts‘of snow, and warm, humid suﬁmérsAwith
a frost-free season of about 60 days (The NaiionalyAtlas of
Cahada 1974) and no substantialnarid periods at any time.

This 1nvestlgat10n was conflned to the snow—free period
from May through Offober, and various env1ronmental

'parameters were measured durlng this tlme in 197u and 1975.

Cu

‘b)1Location of ueteofoloéiqellsites )
| Env1ronmental measurements were made at sites which

vere representatlve of Tomenthzgnum and Peather mos s

hab;tats. The Tomenthypnu eite vas located in an area free

of, but more or less surrounded'by, trees of Pigea mariang_

and Larcix laricina, and havlng ‘a grcund cover of::

'gggggthxg_gm g;;ggs greater than 90% (Plate 2b and 51te 1,
.veg.Atype-C, Flg. ¢). The Peather moss site vas 51tuated
Aunder a dense canopy of Picea ngrlaga near the i&ddle of the
¢vnorth—fac1ng slope of a sand rldge some 3 to u m in height

o

:(P;ate.2c and,sxte'z,'veg.‘type F, Fig. 2). Combined cover
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Climate diagram'for Edson, Alberta, after'Waltef and

Lieth (1960). Mean annual temperature 1.7°c; total
‘annual precipitation 554 mm; “upper line is monthly
precipitation; lower line is mean monthly tempgr—

ature; frost-free days (minimum temperature >0 c), 60;

sols& bar is months with mean minimum tempaerature
‘< 09C; diagonally hatched bar_is months with ab-

solute minimum temperature <0°c. Temperatures aQn left

“(in ascending order); absolute minimum, mean minimum

. coldest month, mean diurnal temperature range, mean
maximum warmest month, absolute maximum.
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‘

of the three Feather,qoss speoies uasjgrqater than 95%.

Ks

o c) .Methods and!Results,e.

Radlatlon

Global short—uave radlatlon was measured at the
:‘Tomenthlgmum 51te u1th a Belfort bl—metalllc actlnograph
”‘from 5 June to 12 September 1974, and from 1 May to

"1 November 1975. '1he objectlve was to measure seasonal
trends in total dally shortvvave radlatlon reachlng a stangd -

'_of Tomenthypnum nltens. Radlatlon was recorded contlnuously

in un;ts of cal cm—2 m1n-1 the lnetrument beLngvcallbrated
agalnst a Klpp and Zonen Pyranometer whlch, 1n turn, had B

been callbrated in uay 1975 by the Natlonal Atmospherlc .l

9
. e

Hourly readlnés of radlatlon vere takenifrom the charts'
(the trac1ngs belng averaged by eye to obtaln a mean value
,for each hour), multlplled by 60 to obtaln total cal cm—2
“for each hour, and, summed over 24 hr to. obtaln the total.
,fdally radlatlon. Ihese totals vere averaged for frve-day
‘perlods and ‘are presented 1n Plg., - |

The radlatlon totals are someuhat leSS than uould be
'expected for a horlzontal s%rface 1nrthe open because of .
‘radlation 1ntercept10n hy trees surroundlng the Tomenthxp m
??31te, part;cularly 1n,the early nornlng and late afternoon,.f?'

D

Thls eﬁfect can be seen 1n the 0900 and 1800 h;.values of

C
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the radiation curve for 15-tod24 June ]975‘in Fig.‘5.

The measurements for 197&, thCh dld not extend over
the vhole season, Were supplemented by data. recorded by
Env1ronment Canada at Edson (Env1ronment Canada 197&).
Radiation is measured at thlS statlon by . a Campbell stokes
Sunshlne Recorder thch measures tynits of brlght sunshlne"
veach unlt belng "sunshlne 1ntense enough to scorch or burn a
standard card upon whlch the rays cf the sun hqve been |
\ concentrated by a- glass sphere“ (Envxronment Canada 1974).A
~The correlatlon coeff1c1ent between 9u dally radiation
" totals from the fleld site and the equlvalent "brlght
vsunshlne" records from Edson ‘was 0. 86 (p<0 001).' Tne‘.
sunshine records-(X)"were:converted.to cal cm™ ?.dayrl (Y) by -
tne equation;v . . / | | u ‘ o
L | =~2 BTX + 133
(whlch accounted for 73% of the varlance). 'Connerted‘
'sunshlne data are a close approx1matlon to the actlnograph
’data,,the average dlfference between egulvalent‘readlngs
,‘belng'11%.. The converted Edson records vere therefore used
" to supplement fhé REX N data.v ) |
| The data recorded by Env1ronment Canada also included
1ong-term monthly means for the’ years 19u1 to 1970. These
vere also converted by the above%gquatlon and are shoun in
‘-Plg. 4 vhlch 1ndlcates the relatlonshlp of solar radlatlcn';
.1n 197u and 1975 to these 1ong-term averages.‘

’ A najor problen in u51ng converted-spnshlne data is

‘.that the. correlatlcn betueen sunshlne nnlts and cal cm 2
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of the. equlvalent values at the Toment xgnum 51te. These»

30

day~1 decreases at>low radiation levels to‘the point uhere a
{

value of zero un1t= cannot be ccnverted 51nce the cal cm—2

day—? Value cOuld be anywhere betvween 0 and 133. This

ffactorqls obv;ously 1mportant on cloudy days,,partlcularly

late in the season. Other problens lnclude the dlfference

ln cloud cover betueen Edson and the study area and

ilnterceptlon of some of the radlatlon at the study 51te hy

'surroundlng trees, partlcularly late in the season uhen ~the .

sun angle 1s low. As a consequence of thlS 1ast factor, the

Aradlatlon estlmates for September and October (both the

:long-term averages and the 1974 values) are probably a

Slmllar radlatlon measure ents were nade at the Feather'

r;noss 51te. Comparlson of 19 Meeks of readlngs from 1974 and<
e16 weeks of readlngs from 1 75 shoued that the amount of

. ,vshort-Vave radlatlon reac lng the’ Feather noss carpet uas»;f"

2010 u% (meants e.) of at recorded at the Tongnthxpnu

151te.v At six other Pidea narlana - Peather BOSS etands in
which - radlatlon meas enents were taken over seVen day

,perlods, the mean t'tal radlatlon Uas 18% (range 17  to. 21%)‘

;

‘valuesvconpare 1th 14% reported for. conlfef-reather noss

 'forest by Buedl and Nlerlng (1957), and a-aox reported for’

p 301). It lS therefore
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to p. mariana stands. - Onlthe north side of the fen the

three-species'occur in a nOre'openfhabitat Three*ueeks‘of
gradlatlon measurenents in dlff%fent locatlons in thls"d
Ahabltat showed é§d1at10n totals of 3“ 58 and 65% of those
at the Tome ntthg_m 51te for the same perlods.'

' Dlurnal patterns of radlatlon at the Tonentbygnun and
Feather moss 51tes durlng different seasons were o
'}examlned ”The greatest-seasonal dlfferences vould be-

¢

expected between mld-summer, uhen the sun angle is greatest,

,and the end of the season, Hhen the sun angle is much lover.

'In order to ohtaln representatlve samples of each of these
perzods two ten—day 1ntervals uere chosen. Radlatlon totals
for 15 to 2u June approxlmated long-term seasonal averages'

‘(Flg. u), uhlle ths totals for 8: to 17 October, though

prohably below seasonal averages (dlfflcult to determlne due

' to the. problens dlscussed preV1ous1y),‘uere at 1east

»'repreSentatlve of the month as .a uhole.} Hourly radlatlon

. values for the nggntthnum 51te durlng each of the ten—day

'perzods uere averaged (Flg. 5).' The'apparent truncatlon of

"the June curve at nld-day is prohahly due to the presence of

'cloud. Pleld obcervatlons lndlcated that the perlod from
'idavn to 1000 or 1100 hr is generally clear, but cloud
fornatlon beglns after thls tlne and cloud bulld*up
‘,contlnues 1nto the afternoon.' The maxlmum radlatlon shoun
'Gln’PLg. 5 ls 0 72 cal ca—2 nln-l however values up ‘to

71 25 cal ca-2 nln-l uere recorded at around 1300 hr on

'cloudless-days,f The October curve reflects both the shorter

v
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day length and louer hourly radiation. The'iouer hourly'
radlatlon Ais a conseguence of 1ncreased atmospherlc scatter
'band 1ncreased Lnterceptlon by trees because of the lower sun
angie; TheSevfaetch‘all contribute te reduce the daily
V:radiatiep totals of October compared with June- -
Cqmparisonrof the Tomenthyrnum site with the Feather
mOSS site}fqr‘the June period (Fig; S) shows that the
‘radiation level of the‘latter averages ahout 15%fdf'that.of
‘the rqrmer, beingéabout d;1aca1 cm‘zenin-f.inﬂowever the sun
: shindngrthrough'gaps in the tree~cahopy.pro€ides greatly
dncreaéed radiation valdes,'aa:erample being»the’peak at -
‘iSOO hrdin Fig. 5. 'These peaks nay prOV1de apprOX1mately
- 20%; of the total da11y radlatlcn, a proportlon wvhich, of
'course, varies Hlth locathn, cloud cover, and tlme of year.
: - Feather‘aoss matsrreeeiVe, in OCtober, approxlmately 20% of
\_f/ffiﬁé radlatlon reachlng the Tomenthlg__m s;te, i.e. there
does not appear to be any 51gn1f1cant seasonal change in the
.relatlonshlp. | - KR
~Up tq thrs1point'the_on1y radiation‘component diSCussed
Ahas7heen incoming <hort?uave radiatioht fneasurements were
-"nade 1n July 1970 to deternlne the relative contrlbutlons of
'varlous radlatlon conponents to the net radlatlon recelved
t;:by the moss canopy at both the Iomenthzgnum and Feather moss
 s1tes. Downward short—uave radlatlon was measured with' a
ftelperature—shlelded Klpp and ZOnen uodel CM-5 Pyranoneter,

- and reflected short-wave radlatlon by a s;mllar 1nstrument

_1nverted and nounted at’ a helght of 1 La above the . moss
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canopy- _BothrPyranomerers were“calibrate& in May 1975 by
the Nationai‘atmospheric Radiation'tentre,vOttava, Long-
uave ddwn vas calculateu from.neasureuents made with a |
Thornrhuaite Net Radioneter‘nqunted on a black-body cup
‘surrounded by a water bath.. ihe temperature of the barh wvas
neasurea Hlth a copper—constantan thermocouple -connected to
‘a cold Junctlcn conpensator (Omega EnglueerlnghLStamford,
Conneticur);\‘This_tenperature vae rhen_used to ‘calculate

radiation incident on the_lower‘haif'of the radiometer by

the -expression: oo 'K\‘;d/' ,

esT’
vhere &€ = em1551v1ty (equals 1 for a. black body),
-6 = Stefan-Boltzman constant (8. 13 X 10-11 cal
o cm—2 'min—1 °K—4¢), and : .
T = water bath temperature (QK).Y

Radlatlon on the upper half of the radlometer was calculated

'by addrn; the: above value to’ the radlometer readlng, and the
; long—uave radlatlon value was,obtained by subrractlng the
tehort;raye,coupoueht,7as heasured by tbeuéyrahometer, from
.rhis.eun.b'Loug—vave ub'uae”calcuiated using theumoss‘
surface tenperature, neasured by averaglng the readlngs.cf
three fine (0 005 lnch) copper—constantan thermocouples, and'
" the expresslcn. S ‘: S B h -

where en1551vity uas assuued to be O 975 (cf. Hoffman and'b
.Gates 1970) and T was the noss surface temperature (°K). A
;Kah151co Net Radloleter, lounted 1= above the moss canopy,
vas nsed as a check on the radxatlon totaie\obtalned by
uaddlug tegetherﬁihe var;ous coupopents, ‘The_rad;cueters4
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&condltions in the shade. These values are, of c6he§§
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vere calibrated against'a Funk Net Radiometer also

- calibrated: by the National Atmospheric Radlatlon Centre.

o Radlatlon component values vere collected at 0.5 nr

intervals for a total of 12 days at each site, and the data

condensed into-4 hr intervals to give a "typical" sunny July

day ‘at each site (Table'1). AThe,first-feature‘tornote from
~this Table is that net radlatlon at the canopy smrface is

51gnltlcantly lower than the 1ncom1ng global short-vave

radiation. ThlS is dne to the fact that some 1ux of the

-”inconing shortfvave~1s reflected and that long—wave up
exceeds long-waté_douﬁ; fThefnalnesfin'parenthesesiat
'130O hr'infTable‘j(a) represent the;radiationvcomponents

under cloudy conditions. Naturally, considernble'variation‘

vonldjbeeexpeCted,'depending'on,cloud_type and cover,jbut

. onelfeature‘of*thisjexample is_xhat net radiation falls from

67% to 45% of the inconing short-wave radiation; In-

addltzon the energy 1npnt from- long—wave radlatlon 1ncreases~

vfrom 27% to 72% of the total 1nput. It is apparent that'

_,1nfornatlon on all radlatlon components is necessary if"

further vork on the role of net radlatlon in energy transfer

°

processesﬁ%gféontenplated. N SR ,v,‘ o
The valnes for short-wave down 1n Table 1(b) repreSent

2

rigreatly lncreased uhen the sun breaks’ through the tree
'canopy (cf. Flg. 5, p.29)._ The‘iower values for long-Vave
Cup at thls szte during dayllght are ﬁ?plalned by lower

'canopy telperatures uhlch are a. consequence of the lower

y - - 2
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Table 1. Radiation components during a “typical" sunny
. July day. Value§ in rareththeses represent cloudy
conditions. All values are in cal cm2 min—1.

Short- Short— Long- Long-
wave  ~ ~wave wave wave Net
Hour - -Down Up - Down Up Radia tion
£  (a) igmenfhxgnqn site
0100. 0.00 ~ 0.00 0.46 0.49  =0.03
0500 .~ 0.G0 0.00  0.44 . 0.46 =-0.02
0900 0.95 . 0.13 0.u44  0.60 0.66
1300  1.25,.  0.18  0.47 .~ 0.70 . 0.84
E ©0.20)  (0-03) ©  (0.52) - (0.60) . .(0.09)
1700 " 0.8 0.12 ©0.50 © 0.62 N\ 0.62
2100 - 0.00  0.00  0.48  0.53.  =0.05 .
» ' . {b) Feather moss site B
0100 0.00 1 0.00 - -0.49  0.50  -0.01
0500  0.00,  0.00 .~ 0.48 0.49 =0.01
70900 .~ -0.04 - . 0.00 - 0.52  .0.53 0.03
1300 ©  0.07 0.01 0.5 —Jo.s1 0.0i
L Ty oL e ' .
1700 0.04 0.00 - . 0.53 . 0.54° 0.03
T - e P SR
2100 0.00 0.00  0.51 0.51 0.00
. . o . v " . ] o ] v 2 .A | ™ . Rl B /,& B
fncowing radistion. | | 5
Lo "knradditiohél'featurelin;Table'1 is the net radiaticﬁ .

h 'loés,at”hight. " The ﬁagnitude'of thié‘IOSS, however, is
'1gﬁe5£eg—at_the Eogen}higggg siié_than aﬁ.the'ho:e ;héltéfedg“'
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Feather moss site.. Trees around the Feather moss site have
a higher temperature, and therefore provide more 1ong—wave
energy,'than the sky above the Tomenthlpggg‘site.(cf.-Geiger

196§\ p 305). The hlgher rate of energy loss,of

Tomenthypnum n1ten= means that its temperature. may drop
below that of the air, a feature which could be significant

in dew formation (cf;jBarkman‘1958, p-70).

Air Temperature

Air temperature wvas recorded at the Iguenthzgnum site,
- in the‘open, from 5 Juné to 12 September 1974, and from
‘1 uay to 1 Novenber 1975. The 1nstrument, a Belfort"‘

'Hygrothernograph, ‘wa's callbrated at several dlfferent

tenperatures 1n a controlled envlronment chamber agalnst a

: nercury thermometer. The hygrother-ograph vas placed in a.

| whlte paxnted, 1ouvered sheiter to protect it from solar
radlatlon, and the shelter uas placed on the moss canopy
surface S0 that teiperature could be monltored as ‘close as
/pract1cable to the noss nat. Hourly temperature values vere
v_ftaken frOI the charts and used to calculate dally means.

'Dally lean teuperatures dally naxlmuns and dally minimums.
:fwere averaged over flve—day permods and the values are - .
"presented in. Flg. 6 | _ - ‘

The neasurenents for 197u, thch dld not extend over

"the whole season, uere supplelented by data recorded at

:-standard helght by Envrroulent Canada at Edson (Env1ronment

,,,,,
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Canada 1974) . The available information consisted of daily
maximum and daily minimum temperatures, Vtich were averaged
to obtadn the daily mean. The diurnal temperature
variation, however, is not.a regular sine curve‘so daily
means based on maximum and minimum’temperatures are not
necessarily.identical to those based on hourly readings. 1In

order to supplement the'field data by data recorded at

Edson, it vas necessary to estaklish the relationship

x

betueen meanutemperatures at the two locations. Comparison

of 20 pairs of five-day means showed that the Edson means

-
[

(X) were related to the Tomenthyppum means (f) by the

equation: : ' ' )
. Y=0856X+{&

whlch accounted for 97% of the varﬂiyée. \There vas a close

fcorrespondence between mean temperatures from the fleld site
4

and the Values from Edson which had been converted by thls

\. .
equation, the average dlfferencevbgtween cortesponding pairs

of(vaiues~being 0.39C.» Mean temperatures from3Edson vere

T
.

vtherefore COnrerted by this equation and used -to Supplement'

the 1974 fle;d data ‘in Flg. 6.
A problem ulth u81ng the Edson records to extend ‘the
nean mlnlnum tenperatures at the fleld 51te was that mlnlmum

tenperatures at . the gonenthxg un 51te vere freQUently lower

rthan those recorded at Edson, sometlmes by several degrees.

ﬁThls lndlcates that the Iggenthxggum 51te 14 a coldealr ‘sink

'¢(cf..N¢rgaard 1951, see also Gelger 1966, p.393).

,vVComparlson of 92 palrs of dally\mlnlmum temperatures for the



‘'mas between 0 and 2°C, then the minimum temperature at the?

field site and Edscn showed a correlation coefficient of
only 0.78, with the average température difference Leing
2.3°C.  In many cases the temperature differences were very
small,. presumably on cloudy andsor windy nights. On the
other hand differences as large as 7°C wvwere noted.
Differences in minimum temfperatures, wgich presumably
occurred most commcnly on clear, still nights, were more
pronounced on warmer nights. For example if the minimum
temperatu;e at Edson‘was between 8 and 10°C, then the
minimum tempera%Pre.at the field site was commonly as much

as 5.5°C lower, whereas_if the minimum temperature at Eds%:;

field site was rarely more thau,2.5°C lower. The
relationship betwees daily nin;:&@ temperatures from Edson
(X)”and the xgggg;p¥gggg sitetiégkpaslféund to be:

| Y = 0.81 X - 0.9: |

- This equatigﬁﬂaqcounted\fo; only 61% of the variance due to

the variable degrée of cold air drainage. . The equation

represents an "aGeraée" value fc¢cr this phenomenon but it

AN

seems reasonable that it would provide a close approximation

over five-day periods.. It was- therefore used to convert the

’

' 'Edsén minimum temperaturés-uhich uefe then used to

supplement the 197u fleld data.

.0on the Qther hand conparlson of the ‘92 pairs of dally

@ ¥

~naxilum te-petatures for the field 51te and Edson showed a

vcortelat10n&coeff1c1ent of 0.97, the average difference

‘between equivalent pairs of readings being only 0.8°C. This

¥

« .

2
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B

dicates that the instrument;shelter was effective in"’

%

ffshoued -an average dlfference of 0.4°C between 1nd1v1dual T

" were Very sinllar. Dlurnal tenperature varlatlon .

screenlng ‘the hygrcthe;;oﬁraphgffon‘radiation)4.Ihe

relatlonshlp between dally maximum temperatures from Edson

\'

(X) and the Tomgnthxp um 51te (Y) Has found to. be’

¥ =1, ou X - 0. 7 »

l.whlch accounted for 9“% of the varlance. 'ﬁaximun-a-

temperatures from Edson Here therefore cOnverted by thts

.'equatlon and used to supplement the 1974 fleld data.'

‘The relatlonshlp between mean temperatures at Edson and

@those at the field site (1.e.-i.= 0.856 X + 0.7) was <>
Qused to estlmate long—term monthly means (Table 2). These

-4est1mated long—term means are also shovn 1n Flg.-e.

Comparlson of*estraated wlth actual values for - 197u ‘and 7975

shous a close agreement over themperlod,from June,to August.

W oo

Further'work, houever, uould be necessary to 1mprove the

‘3agreement Hrth’other months, and‘lt See S~ kely that the )

SN o

ﬁestlnated long—term values for the fleld 51te ln Hayr

,September and 0ctober may be about 10” hlgh.,-‘Jt:l.'afp.-fh

Temperature data Here recorded at the Feather moss site”

by another Beifort Hygrofhernograph (callbrated agalnst the

‘Aflrst) fnom 3 June to 15 September 1973 and from T Hay to

3 August 1975. Conparlson of 40 palrs of flwe—day means

,-palrs of readlngs, Hlth the ggegthzg g; 51te averaglng anf*

overall 0.16°C h1gber,'so mean: temperatures at the‘tuo s1tesjr

i

hwvever,At

were nuch greater at the open Tomegthxp_um 51te than at the '

- I - T 0

¢ . . "{ cTeah . T -



""5_chosen to represent ‘a perlod vlth a mean temperature

Tehlqu.ivuean monthly temperatures and 1ong term
CeN .averages ‘at- Tomenthxpnu 51te (°C).

B

May June July Aug Sept:  Oct

Edson Long-term Mean . - o ; e N
(1941-1970) - 8.6 12.3 14.9 13.5 - 9.1 3.8

Jstudy Slte - Predlcted -

‘Long-term Mean - 8:1. 11.2 13.5 12.3 8.5 3.8

1874 . S ) _
CEdson’ U 0 . . 6.6 12.8 13.4/ 12.0 8.3 5.4

study Site - Predicted’ . 6.3 11.7 122 11.0 7.8 5.3

 study Site - Redorded - . === L11.5 12,1 11.1 === ——m

- 1975

—

~Ea§on -ﬁ»-f,"1f;5‘fw"; 7.8 a4 -16.7  11.0 101 2.4

f[study Slte - pred1cted‘/‘;~7,y, 10.5 . 15.0° 110.1 9.3 2.4

R
.

_sheltered Feather moss 81te.~ Cn average the’eifffémperaturer_ a3

at the Toment xgnum 51te was 2. 8°C (max;mum about 4. 5°C)

Studynslte —,Recordedj :foégzluf9u7:“15;1_rjo,éef 769v'}j;2.‘

'warmer durlng the day and 1 5°C (maxlmum about 3 5°C) colder; 

‘at nlght than at the Feather moss Slte. Thls reduced

ftemperature amplltude at the forested 51te is s;mllar to . the
"4°C dlfference repcrted for spruce forest by Barkman (1958,

l'p 26). A ten—day perlod from 25 July to- 3 August 1975 vas
’ N

'"f;(13 3°C) close to the summer naxlmum (see Flg. 6) and hourlye

3gmean values for thiS'period fOr both sxtes are shown 1n‘Q\~

o

N

o '“\\



42
BN :
Fig. 7.
' Haximuatandrminimuﬁ temperatures at the study site Sl

oo

iorating effect of the tree canopy at the Feather moss

1y occur at 1600 and 0600 hr respectively. The

te results in higher minimum temperatures, the delayed

more gradual temperature decrease in the evening due to a”

-

.lower'rate of energy loss throughflohg—uave radiation (see

also Geiger 1966, f.320).
’ K
Rates of temperature change . at the’ Tomen%&xgggg site

™

can'be qulte rapld.. on 13 September 1975, forrexample,

» temperature rose from -1.5°C at 0800 ‘to 23°C at 1400, a rlse

of 24, 50C in 51x~hours. Rates of change of up to 6°C per
‘hour have also been. recorded. Such rates may have'lmportant
‘phy51olog1ca1 1mp11cat10ns, partlcularly when 1ncreased by
.solar radlatlon. V | | :

The lnformatlcn presented here should prove useful in -
‘eStabllsthg contrclled enV1ronment'cond1t10ns for further
uork., It should be p0551ble to use Flg. 7 1n conjunctlon
f‘Hlth Fig. 6 to s;mulate the temperature for either. T. nitens

©oor the Peather mosses.at any part “of the season.

HOSS Temgerature »

a

Varlatlon in air temperatnre at each site, hdth"
‘1seasonal_and-dlurnal,.hasipeen outllned above. Ins;ght 1nto

'moss physiological processes, houever,-requires'lnformatlon

S
Ty
hsS
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on the actuaI tlssue temperatures at these tlmes. A;series-
of neasurements of tenperature profiles 1n the air and noss

_at both 51tes were nade at. 30 mln 1ntervals for a total of

'12 days .in July and early August 197“.' Alr temperatures ‘_'

were measured\wt 25 cm. and 3 ca above the noss canopy wlth

very flne (0. 005 1nch) c0pper—ccnstantapfthermocouples

“connected through a cold junctlon cOmpensator to a mllllVOlt

.,recorder.x Canopy surface temperatures and temperatures at .

Cot, 2 and 3 cim belou the sunface were measured by averaglng.—"

the readlngs from three 51m11ar thermocouples, thch vere

‘hcarefully attached to the uoss stems by sprlng steel cllpsp'#

'a(after Addlson 1973) sO. that the Junctlons uere 1n contact,
vlth moss tlssue.'-Thernocouples:of<thls 51ze‘uere_used-1n
rder to reduce effects of solar radlatlon on the;_ |
'sneasurements.f Radlatlon effects were assumed to bei,‘»
,3:neg1191ble belov 3 cn so. te!perature measurements at depths
“of 5 ‘and 10 cm . belou the canopy surface uere nade bg
: veraglng the readlngs of three coarser thernocouples
sxtuated at each level.e, ‘\
| An "average" ‘da-y was selected for : the __genthxpnum and
vPeather noss 51tes,'and temperature.proflles at three |

.-

'selected times are 111ustrated in Plgs. 8 and 9

'respectlvely. The day chosen to represent neasurements at

the g_nenthxp up 51te was 31 July 197“.. The dlurnal

tenperature range uas typlcal for that tlme of year ‘(see

‘3P1g. 6), ranglng fro- a nornlng 1oy of 0°C at 0130, through ”

“an afternoon naxllun of 23 uoc at 1430, to a nlnlmun evenlng
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. ]
o uhlch is atﬁihe canopy surface, 1t is clea

_ftenperaturea:;:jf)cn is. 1ess than the varlatlon‘ln air

46

temperature of 0. 3¢ at'2u00 hr. Examination of the profile
for 0200 hr in Fig. 8 shows that the moss surface '

temperature vas depressed belou the air- tenperature. Net

"radlatlon at the canopy surface at thls tlme vas —0 , 03 cal
,cn-i'nin—l soﬂthe-tenperature depre551on indicates a loss

_of energy ‘by long—uave radlatlon. Durlng the day the‘

51tuatlon Has reversed and(\at hlgh net radiation. levels,

A

'the moss temperature vas consaderably elevated above the air

tenperature. ‘This is 111ustrated Lty the temperature

elevatlon of about u°C at 1000 hr vhen the net radzatlon at

'the canopy surface uas 0. 2u cal cm°2 mln-l compared Vlth an
' selevatlon of 13°C at 1uoo hr uhen the net radlatlon Has
- 0. 88 cal cm-2 min- 1 1t is apparent that the mosses are

.subjected to rapld tenperature fluctuatlons (cf. Barkman

1958, p.62 Longton 1970 1972a,b, 197ua).‘ Rates of change

-of up to 10°C in Sﬂ’nln have been recorded with a

;tenperature change In one case fron 2. 9°C at. 0630 to 36 8°C'

at 1230 on 1 Lugust 197“, nearly aooc 1n 51x hours.. The

hlghest can;%y surface tenperature recorded durlng the

- neasuremegﬁ perlod uas uuoc, but hlgher values and nore
'extrene teuperature changes are probably connon (cf.

"Nﬁrgaard 1951).1 Since the grou1ng p01nt is the stem apex

;;h‘, 1nformatlon°

"4 on. the effects of these paraneters on the phy51ology of the

., MOSS. is required.w_p o

' Other p01nts to. note in. Plg. & e'that'variqtion.in

ol

’ L3RS

‘- -



47

RO

temperature,'and'that‘there is a more or less uniform
'gradient in moss temperatureﬂfrom’the surface:to -10 cm (cf.
Ndrgaard 1951, Longton 1972b). | |

The day chosen to represent measurements at the Feather
"mOSS s1te, 2 August 1?74, was also typlcal for that time of
_year. Alr temperature ranged from a mornlng low of 2.40°C at’
7ouoo, through an afternoon maxlmum of 23. 4oc at 1630, to an
evenlng mlnlmum telperature of 10.39C at 2uoo hr. The main
“feature to be seen in FPig.. 9 is the shallowness of the
temperature proflles,‘even durlng the mlddle of the day.
;Presumably the moss temperature lncreases sharply if the
y.lOSS is directly lllumlnated hy the sun, but no measurememts‘
-of this were:attempted. The temperature at -10 cm agaln_e
shows less varlatlon than the a1r temperaﬁure.

uoss temperature at a depth of 10 cm uas measured at
two locatlons at the Toment_xpnum sxte durlng the entlre
.1975 study perrod usxng a Hoeller Dlstance Recordlng
Thermograph uhlch ‘had been callhrated agalnst a mercury

ethermometer.w,Flve—day mean tenperatures were calculated for

each of the probes and the avergge values are 111ustrated,

ralong vlth the aean a1r temperatures for 1975, in’ Flg-/10‘_

fpslgnlflcant features are that the mean 210 cm temperature

track the neau a1r temperature qulte closely, ‘but the -10 cmld"

fmeans do not reach the sale values as the ‘mean a1r
‘_,temperature untll late Angust (cf.-Helnselman 1963).
"-Temperatures uere also measured at the -10 cn,&evel at the:.

Feather mosSs s1te hy a second uoeller Thermograph fron 1 uay

N
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to 3 August 1975. The data from this site showed a pattern

very similar to that at the TOEenthYEnum site. The
temperature at —10 cm was louer than the alr temperature for
, nnch of the season. The mean sail temperature at -10 cm
exceeded 10°C only durlng July and part of August, and
durlng most of May and october the maximum temperature at
=10 cm was less than 10°C. This wculd be expected to have
51gn1f1cant lnpllcatlons for decomposxtlon rates and rates

3

-of peat accunulatlcn (cf. Weetnan and Tlmmer 1967).

 Air Bunldlty and Evaporatlcn stress |
Relatxve hulldltY was measured at the Tonenthzgnum clte
—from 1 uay to’ 1 November 1975, and at . the Feather moss 51te
from 1 May to 3 August 1975.{ ueasurements were: recorded by
the Belfort Hygrothermographs described above.; The humldlty“
Sensors had been callbrated agalnst a sling psychrometer in
a. controlled env1ronment chamber and thls callbratlon uas\
checked ueekly 1n the fleld usxng a sllng psychrometer at
?f the sale hEIth as the sensor. _The agreement betueen the
hygrothernograph and the sllng psychrometer averaged 5
relatlve humldlty un1ts (%). ' |
' Haxamul dally relatlve hunldltles'averaged 83% at the
zgggn_hzgg;g sxte Hlth nlnlmum values averaglng QSS.
f Relatlve hunldltles at the Feather moss 51te averaged 80%

and 49% respectlvely. No seasonal trends 1n relatlve

humldlty could be dlscerned.

':-;.
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Relative humidity values, per se, are not particularly
useful indicators ofvevaporation stress (Barkman 1958,
p.69) . k"more’appropriate estimate of this parameter is the
saturatlon deficit or water vagoeur def1c1t,‘which is the
difference in vapour pressure between the actual vapour
pressure and the saturatlonfvapcur pressure at the same
temperature. Vapdgrkpressure deficits vere therefore
calculated for every»hour duringlthe measurementaperiOd,fofv

- B . rd
‘each site, and these‘hourly values were averaged for five—

day ﬁeriods. These mean values were then averaged for 4

-

vsix-hour perlods and the seasonal trends at the ggggnthxg_um
‘51te 1n,tVO of the'se perlods, v1g 0100-to 0600<E£'and 1300

to 1800 ‘hr, arealllustrated in fig.'11. 4Theﬂvaluesvror 0700
" to 1200 hr and‘1900jto 2doo;ht wete'intermediatetbetveen the
others aud arevnot'shown. Examination of Fig; 11‘show$?tﬁat’,

there is con51derab1e seasonal varlatlon 1n vater vapour
'deflclt durlng the ‘hours 1300 to 1800. On the other hand

| the values for the hours 0100 to 0600 show 11ttle seasonal
‘,change._ uean vater vapour def1c1ts from 1300 to 1800 “hr at.
'the'Feather moss 51te averaged 8013% (;eanis e ) of those at
-~ the Toment xg um 51te. Slte dlfferences can be attrlbuted |
| to air tenperature dlfferences. |

Wate:-vapour def1c1t-1s,_houever, only one component.of'

oevaporatlon stress, the other najor componemxs belng solar
eradlaf*B? and vlnd.y Seasonal trends in evaporatlon stress
..lvare‘besf/establlshed,vtherefore, by measurlng evaporatlon

:dlrectlfh Thls was done at, the Tomenthzgnum site from mid=

: -
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!f'“-
June tqQ late October ’ng an "Evaporation Gage" (Model E-

801, Weather Measure Corp., Sacradento, California) . This
instrument measures uater loss frcmufilter paper (Whatmap
No. 2) 5qd was callhrated in the laboratory to measure
evaporatlon in units of mm uater per unit time. Dally
evaporatlon totals were calculated and averaged oyer half-
-month idtervals (Fig. 12); Finér résolution of the data ﬁas
not p0551ble becauee ralaiall freguently forced the
instrument ‘off scale and many daily totals were lost‘as a
result. A comparison of Figs. 11 and 12 shows a close .
relationship between neaeured evaporation anq water vapour
| jdeficit.' The apparent exception‘in rid to late September
will be discussed telow. | | |
'Evaporation'at the Feather mess site J&sfme§Sured by a
'\_ second Evaporatlon Gage. Daily eJagbratlon rates averaged
\\gi 57% of those recorded at the Tomen__lgnum Slte- | '
| \&easuremehts made at other sxtes vhereé Feather moseee‘were
predomlnant showed 51n11ar proportlons. The evaporatlon
rates in the forest compared with® the open ‘are hlgher than, .%fi

the 20-30% reported by Birse, (1958b) for deciduous forest

P 25)-- ThlS may be a conseguence of higher Hater’vapour
def1C1ts than ‘in the narltlme cllmates of the reglons 'w

"studled by B1rse and Barkman, Qr’ the absence of a*

51gn1flcant shruh 1ayer which allows greater a1r cltculatlon

(cf. Potzger 1939~ Pe 25).'

Barknan 1958,
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betueen the'Tomentlzgnum and Feather uoss sites can be

R

'demonstratet by the dlurnal patterns in thls parameter._'
These patterns were establlshed for the perlod from 15 June
to 15 August 1975 as follows. for each day at each 51te,

evaporatlon durlng succe551ve tuo hour perlods was expressed
’ L3
as a percentage»of the maxlmum vaIue-measured'durlng any two

'

hour period at elther 51te on that day.; TheSe percentages

were averaged and the means and standard errors for each two

J'hour perlod are shown 1n Flg. 13.. Examlnatlon of th1s

"Flgure shows that evaporatlon 1s very low- from mldnight

'untll 0900 hr, wlth the Feather moss sLte shoulng hlgher
. )

values than the Tomenthypnum s1te.‘ Comparlson of thls e

9

Figure wlth Flg. 14, whlch 1llustrates the mean hourly water
',vapour def1c1ts for both 51tes for the perlod 1 uay to. »

fv3 August, shovs that evaporatlon pattern at the Feather moss

,51te 1s clesely correlated wlth the dlurnal pattefn 1n Hatervlh

‘jvapour def1c1t._'

'3 Evaporatlon at- the Tomegthxgnum s;te, on the other'

'fhand, shows a dlfferent pattern. The peak in evaporatlon at'

. ~__./
1300 hr can probahly be attrlbuted to colar radlatlon ‘

;reachlngxa maxlmum at that flme (Gelger 1966 P- 255), and

'the decline durlng the afternocn reflects the decrease ‘in

a

”radlatlon. The values are hlgher after than. before 1300 hr
A‘because uater vapour def1c1t oy the Tomenthxp um 51te

'reache ¥ maxxmum at 1600 hr (Flg. 14). It shéuld be noted

_that’evaporatLOn rates at the tuo s1tes are egulvalent when

- 1

f,dthe water vapour def1c1ts cross over at about 2100 hr..lhn

54 .
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" Table 3.

57

Mean monthly uind speeds at Tomenthypnunm éitg
1n 1975. - oo ,

Month Mean Wind Speed (m sec-1)

May 0.27

June 0.18 .

July ‘0.10

‘August . 0.08

,Septenber' 0.08

0ctober 0.10

) add1t10na1 feature 1s the apparent delayed ‘rise ‘in i

evaporatlon rate at both 51tes 1n the mornlng._ The uater

'.ﬁvapour def1c1tvrlses.after 0700 hr but the'evaporatlon rate'"

L gnantlfy this effect.

" shows no increase ﬁntii‘after 0900’hr. Thls delay may be

due to 1ow morning. vlnd speeds, b&t thls remalns to be

time.

T —

‘e

rigs. 13 and 1u
relatlve effects of water vapour def1c1t and solar radlatlo

'on evaporatlon stress at the tuo 51tes.: Hlnd, vhich Hlllwb

=conf1rmed since, no ulnd speed neasurements were uade at that,

therefore, g1ve some 1nd1cat10n of the

f

'dlscussed 1ater, Ls probably a factor 1n the 1ncreased

iafternoon evaporatlon rate, but 1t was not p0351b1e to

:«9 .

The evagoratlon rates recorded durlng

. mid- to late-September,pmentloned above, whlch were 1ower

: than vould be expected fron the water vapour deflClt data
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‘(Fié. 11, p.Si) might be attributable‘tola combination of
~ ‘Low radiation. levels (Fig. 4, p.27) and lov vind speeds

(Table 3).

vPrecipitation

_— ?. Ralnfall vas’ neasured at the ggggntthgum site by a -
’  Belfort Recordlng Raln Gauge fron 10 June to 17 September \
1974 and from 1 May to 22 October 1975. The 1nstrument uas
placed in the open, vell away ‘from trees, and the ralnf&llt
~totals for flve-day perlods are shoun in. Flg. 15. It is
apparent that ralnfall is freguent throughout ‘the season,
although the total ;mounts probably decllpe in late
;fSeptember and 0ctober (cf. Flg. 3, p- 25). PreC1pltatlon
'vdurlug September and October 1s»occa51onaily ln the form of
”snow.- nght snow uas noted in early September 197u and
heavier snow falls occurred after 22 October 1975.” The.raiu*

- gauge was not approprlate for neasurlng snowfall SO no

.preclpltatlon reqords were made for that perlod Snou uhlch:

"f; falls at that time of the year is. rarely per51stent, usually

_neltlng u1th1n a feu days. R

‘Ralnfall appears to be asscczated Hlth ueather systems
{vhlch last foréﬁwo or three days, these systens belng _
'separated by ra;h~frﬁe periods cf four to. flve days.’ There

"1s, of course. conciderab;e varlatlon and raln—free perlods,f

of nore than a. week can occur at any tine durlng the season.

,-The 1ong-tern nean nonthly ra1nfa11 for July at Edson 1sf.ﬂ

=

i
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over 100 mm, yet a raln—free perlod exceedlng 12 ‘days was
recorded at the field site durlng July 1975.

' ',Ralnfall occurs most frequently in the early nornlng

1

'andlevenlng.' The evenlng ra1nfa11 freguently is de51Ved

fron thunderstbg,s hhlch q{_)a co-non consequence of the
afternoon cloud bulldrup dlscussed earller.AvThe lnten51ty
of thls ra1n tends to be qulte hlgh and the perlod froam 1800
to 1930 hr accounts for nearly 10% of‘the total ralnfall
recorded durlhg the neasurement perlods in 1974 and 1975.

i

a lov correlatxon betueen ralnfall recorded

“in 1974 and th t tecorded at Edson, probably due prlmarlly

d nature of the thunderstorms durlng the

to the loca:f
No attempt uas nade, therefore, to use the Edson
ta to extend fleld observatlons or to compare 1974 and

1975 precxpltatlon values wlth long—tern neans.‘

The patterns of ralnfall recelved by the Peather mosses

i

60

were 1nvestlgated u51ng snall plastlc'"Tru—chek" raln gauges,

'ﬁ°(Eduards ufg. Co., Albert Lea, ulnnesota).4'h total of 70

: readings was taken durlng 197“ and 1975 at varlous locatlons

and 1t;va5xfound that ra1n falling on the Beather nosses

_ averaged 78% ‘of that recelved 1n the open. ThlS ‘value is

si-ilar to- the 66% recorded by Abolxn' (197#) for a Pinus -

Peather IOSS forest in tgL\U S s ?. and Hlth 73% reported:by-‘

3  Schubert (1917, clted 1n Barknan 1958, p.26). A freguency

=N —

dlstrxbutzou (Table a) shows that the varlatlon was ‘
consxderable, vith values ﬂ;pglng fron 19% to 132%.' Fleldf

ohservatxons 1ndicate that nainfall recelved by the Feather

1 %




"'-intercepted by - the

-

Table 4. ,Freguency disttlbutlon of the
o rainfall reacling the Feather
compared with the 'ope‘ u_sﬁ,n

percentage of
ROSS canopy :
throughfall = 7

61

8%

— o+

'

Thrdughfall (%)

Number

ety

of bbsetVations

>/ff7

>f10
101 110

_ 91*100

71-80

61-70 .

T 51-66
7 s1-50

o o . 31-40

) 21?30>  ‘

<20

l@otal:f

' 81—90 a

iz

NN W D N D

I

C g

,)\

, loSses depends not only on locatlon relatlve to the tree

_canopy bnt also ‘on the duratlcn and lntensxty of the raln

”;(cf. Gelger 1966, pp 326—336- Heetman and Tlmmer 1967)‘f

4:nght raln 1n the ctd r of 1 ll 6: less uas almost entlrely

P

'.gtoujng ;n~:e1atlve1f16-éhssituationSvaéfe iéttéa>(cf-

_Geiger 1966, p.328).

e,!ssiaﬂszcanopy‘an@xonly nosses

:Théfptdpd:inh of rainfail-peﬂétrétingjt'
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-’ . the tree canopy incréased with the amount of raia,to the |

extent that penetration values of around 100% were achieved , - w&

vhen precipitatfon vas in the order of 20 mf&

Wind. A _

“Wind waS'reCOrded,at the tao sites’by Belfort 3-cup
Totalizingvhnemometers, the cups of uhlch wete located at a -
helght of 25 cr ahove-the noss canopy surfaces. A ]
~calibration perlod of flve weeks showed that thé average ‘7,
agreenent between 1nstruments was Hlthln 5%.a The’ objectlves
were to record the seasonal patterns 1ﬂ ulnd speed and to

of

conpare ‘the: ulnd speed over I. g;tensvulth thatAqvethhe”

Feather mosses.v The average vind speed for each nonth”was

r

calculated and the data for the. Tomenthlgggg 51te are shoun
S in Table 3‘\ | | ’ '

- observatlons 1n the fleld u51ng a Hastlngs uodel AB-27
Alr-ueter Hlth a d1rect10na1 prohe 1nd1cated that v1nd

speeds less than about 0 3 n s;ec"‘l were not recorded by the p

t< . ' anenoieters. Table 3 sho that the average monthly wlnd

o Qf”.:speeds at. the zg!,gthxggézssite vere all less thfr this

| value, hhlch -eans that the vlnd speeds are alnost certalnlyA
“-,under-estlnates of the true values. It is apparent, |

. houever, that there uas nore wlnd Ain nay and June ‘than

durlng the other lcnths.

e and for u nore weeks atﬁanother 31te dom;nated by Feather

w.-‘
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-+

nosses. The anount of ulnd recorded at these sites varled

fron 12% to 35% of that recorded at the Tomenthypnum =1te,

: for the same perlods.b The -actual nagnltude of thls
d#ffeﬁence,_hoyevet;'is_uncertaln due to the problem/
outlined above,‘bnt it seems clear that trees reduce the
dnind'veloc;tonver the Feather mosses'compaped with that
"lover T.initens; Mcre acCurate instrnpents vouldybe'reguired‘
- to guantlfy thls differenoe.. |
| Hlnd speéd at the canopy 'surface uould be expected to
_be -lower than at 25 cm above the surface due to frlctlon

effects=of the’nosc canopy (cf¢ Barkman 19585 p 26). More.

',fthan 300 wlnd proflle readlngs were taken throughout the

j197a season in varlous weather conditxons at both the
luxgggg_hxgg am" and Feather moss: sxtes and 1t was found that
b“wlnd speed at the canopy surface averaged about 20% of the'

vulnd,speed at 25 ch, Ulth no s;gnlflcant dlfferences betveen'




"III. FIELD GROWTH RATES

1. ﬁethods ror ueasnring Bryophyte Growth

| .,fThejnost ccmérehensive treatmenr of methods for

neasuriné Bryopnyte gronth rates is that of Clymo (1970).i

Clymo div1ded methaods of measuren;nt into four categorles-

a) The use of 1nnate tlme n;rkers, i.e. natural CycllC
changes of branch length and spatlal den51ty of.
hranches.» | ‘ ' |

b) The use of reference markers out51de the plant i,e.'
measurement of length licrease agalnst external |

iQ reference narks._ ) '

c) The measurement of growth of plants cut to known‘*
lnltlal lengths., ‘ . ‘

;_d) Direct estlnates of changes 1n Helght-‘ *' (; ffu'~
Innate tlne markers have been used successfully in

leasurlng the grovth rates oﬁ Hzlogomlum sglendens (Tamm .
"41953), glz ;;gggg a;pggtre (Longtcn 1970, 1972c),

'»Ag;acomnlgg Balustre (Reader and Stewart 1971, TeczynSKa-'

Kanecka 1974), 2__113 gg_lgggg;g;; var. g_g_;glls (Clarke eti_
_1 1971)," and gglx;;;ggg! stglctg (Longton 197ub). Annual o
sHoots,'correspondlng to those cf gl__COQ;um sple de s, can |
- lwisonetlnes he distlngu%shed in’ Plenr021um schreber1 and o
'5;512_;1135 gg_gtg—gastrggs;s (Tanl 1953, p.39), and growth of
' ;3133_91;gu _gg_eberl has also been estlmated from:' L

“lf ,ganetangial pos;tlcn and fro- the lorphology of the aplcal
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reglon (Longton and Greene 1969). Growth of the Feather

‘moss species, particularly Hylocomlum splendens, can

therefere'be'estlmated fairly readily by using this
approach. | - ; |
An'examination of samples of Togenthlpggg npitens from
the study site, however, revealed no consistent cyclic
fluctuations, so it mas not possible to use annual shoots toi
measureqthe grcmth rate’of this species. Thls was also the
case in ‘a. majorlty of 42 samples of §phggggm collected by
Clymo from a varlety of 51tes in England. Even when cycllc
“Changes were obcerved 1t was p0551b1e that the changes were
not. necessarlly seasond& but reflected abrupt changes in 'j
temperature or water supply, or - both (Clymo 1970). ‘ ~*Z
Overbeck and Happach (1956, C1ted in. Clymo 1970) used a
"thread tled round the stem as a marker agalnst thch to
Lmeasure growth of §phgggum plants.; ThlS was unsuccessful,
’however, in habltats whlch were not fully aguatlc.»'The‘ ‘
'lonthly measurements caused the plants to dry out 51nce it
vas 1mp0551h1e to effectlvely rearrange them .into” thelr_a..
n"fnatural orlentatlon. Clymo (1970) also attempted “to use
, Athls nethod but soon abandoned it. Due to the lac* of
"fd(\iuccess wlth thlS method 1n these stud1es, no attempt uas»
ade te\use thread markers.to measure growth 1n Tomg___lp,um
asr.eaS- | ”
.\A more successful method of u51ng external markers to
;”rmeasure bryophyte growth vas descrlbed by Clymo (1970).~ It

A::x\yolves the Wse df ‘v; "e:,.p,er
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many separate cranked stainless steel uiresfl

(shaped like a car starting handle). One end of
the' wire, which can conveniently be about 10 cm

long, is pushed into the Sphagnun carpet

vertlcally...‘ The horizontal section, about 1 cm
‘long, is level with the capitula, whilst the free
"end, which must be of exactly known length,
projects into the: air.

“The Sphagpum plants grow up around the

vertical free end of the wire and the growth is
measured from the amount of wire still projecting
above the surface. - The cross piece increases
resistance to vertical movement of the wvwire among
the plants." :

This "cranked wirce" method, uh1ch provxded useful \

results in Clymo's study, has also been used successfully in

studies ny Sonessdn (1973) andySonesson and Johansson ‘

(1973) .

pitens-

It was usedlin this study to measure growth in T.

ueasurement of length 1ncrements in plants cut

initlally into known l%ngths and then replaCed in the mat-

“has been criticized by Clarke et al. (1971) on the basis

that thls procedure is llkely to affect natural growth

3

processes. Clymo, for example, found ";.. some 1nd1cat10n

that the growth ir length ls 1nVerse1y related to the

lnltlal length and gulte strong 1nd1catlon that gnowth in

"welght is sxnllarly related. Thls could be particularly

51gn1f1cant when growth rates are very 1ow.'

3

Despxte thls problem,_fleld testlng of a modlflcatlon

of thlS approach,‘the "capltulun correctlon"vnethod (see

o

Cly-o 1970), has prov1ded qulte accurate measurements of -

growth Vlth sone §;_angg spec1es. SOme prellmlnary

lnvesb;gatlons of the fea51b111ty of . u81ng thls method to_

’ neasure the grouth of Tongnthlg g nltegs were made. The

”_)J——n .



#('?)k;féhology of individual stems of this species, however, 1
R
SOP;ariable that the requirewment for a close éérrelation
betuéen the weight of phe top 1 é; (the capitulum in
§éh§gggg),\and of the next 3 ¢m of s%%ﬁ with the branches
removed, Qas not met (}hese, and all “subsequent weidht
detefminations, wgre made using a Mettler Type H6T .
analytical baiap¢e). Cdtrelation-qoefficients for the

) .
Sphagnum -species ﬁéésured by Clymo (1970) ranged from 0. 84

to‘0.97;_whereés those for the three samples of T. njtens
meégured in this stﬁdy ranged from 0.74 to 0.81. The
éapituluh correction method, theréfor§, was not used
measire the growth of thisisPeciesf

Weighf differedces‘between samples.collected frgm the

field at dlfferent times cannot be- sed to estimate {rowth

o; Tomenghzgnum,(because of the con51derable varlatlcnfin

weight for plants of equal length - the low growth rat §, and
tHe &1ff1culty of 1nterpret1ng the relatlonshlp betwegn

‘_green,inonrgreen and dead tissue.:-

2. Grouth of Tomenthxp ] nitgns

~eh

v-:~ : Lbngth 1ncrelents g, Nitens were measured‘from early

uay to l1d-0ctober 1975 us;ng the cranked ulre methed

o

dutllned above. Ten 51tes 1n the fen (veg. type 'C, p.16)
Lvere arbltrarlly selected anﬁ, at each sxte, flve wires were,

'carefully 1nserted Lnto the moss mat so that the horlzontal

‘cross pieces uere level Hlth the noss surface.» Each wire




-rates, followed #y yellow-green then yellow—brown IS
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‘co£51sted of an 8 cm basal'portlon, a 1 cw cross ‘piece, and

‘a2 cm uprlght whlch projected Vertlcally abovexthe surface

ilntervals and length 1ncrements of the moss stems relatlve

to the wlres recorded

el

Hlthln three ueeks 1t uas noted that the rates of

J(Pl&te 3b).j The 51tes were v1s;ted at approxlmately monthlyfe

length 1ncrease uere gulte var;able,,and that thls varlatlon_"

vas correlated U1th the’ colour of the aplcal reglon."ﬁt

each subseguent measurement perlod therefore, the colour of

"the aplcal reolon ‘cf the moss vas noted along Hlth the

length lncréhent.~'Four colour categorles vere establlshed,

~1viz broun, yellou-hroun, yellou—green and green, and 1ength“

i lncrements for th nsamples in each category were averaged.lﬂ‘

i

hese values are presented 1n—Flg. 16 vnich shous that stems
’\ “ .

ith green aplces (Plate 3c) had the fastest elongatlon

‘jgplate %ﬁ),‘ SQWE of the moss whlch remalned hrovn durlng

b

.nidesumner (cf.{Plate 3&), and uhlch shoued no- gr0uth durlng'

that tlme, developed green shoots 1n5ear1y autumn and grew

o

] sone u nn in tvo mcnths-

It uas hypotheSJZed that ﬁhe colour of the aplcalva

. .

o reglon was: correlated Hlth vater content, and that the water

o '~contents deternlned the dlfferences in growth rates.

°

d’sanples of the top 1 ca of varlous coloﬁrs of T. nitens were
‘ collected betwueen - 1300 and 1530 hr-on 2, 9 and 23<July and

f1u August 1975, and the Hater contents determfned relatlve.'

- -

jf'to dny'uexbht at - 82°C.r Por a tctal Ofvnlne samples of each

A

-0t
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R . e P
N Plate 3 B L A T
e : . : o o .
_ F I .Colour éategories of Tomenthypnum nitens. o i AN

>‘t a) Tomenthypnum nitens transplanted to ridge- top on 14 May,

photographed on 27 August. Sheltered part. in upper right corner .

green, remainder of mat is brown. Size is approx. 30 X SSvcm. ) S
b) Yellow—brown Tomenthypnum nitens showing two cranked wires. used for S '\N
Aw‘; growth meaSurements. Uprights of wires are 2 cm, cross bars are

l cm.‘

A
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colour, the vater contents of noss Hlth green aplces'
averaged 3. uaio 23, that of yellou (yellou green plus
yellov-brovn) 2.0910.11;, and of Brown 0.35£0.11 g « g dry
”vut-l (meanisVe ) - The dlfference hetween each pair of means
hls 51gn1flcant to E<0 001. :The.lmplacatlons of these
resultsAVLll-be_dlscussed later. | ”
-

3. Growth of gxlggg!;g! _Elendens d;, ' AA | o ',-Q
f Of the three Feather BOSS Specle&; growth of H.

) §2lendens 1s most ea51ly measured because of the sympodlal > .,
chg;of d‘nnual shcots (Tamm 1953). Tamm (p.22) sug,gested

-fthat ‘one uay of el;ninat1ng the prcblem of the varylng s;ze'i@
'?of the moss 1nd1v1duals in dlfferent samples is to expressv |
’Tthe dlfferent segments 1n a‘sample as a proportlon of a: |

,certaln "base“ segment (see also Longton 1970).n In thls

study the Segment thch grew in 1973 mas chhsen as the base f -
"segment- 1t is hereafter referred to. as the "1973 layer"'<' R
| Samples of H. §g;endens were collected from the study

'.51te at weekly 1ntervals from 30 Aprll to 2 November 1975.

;In most 1nstances two collectlons, from dlfferent locatlons,

:ﬁ were taken at each sanpling tlme, although A, some.cases;

.only one,-or occas1onally three, collectlons ue,

"total of 48 collections was made durlng the season.
From each collection the flrst 30 1nd1v;duals uhlch net’
'?fthe sampllng crlterla Here selected. Ind1v1duals were

ﬂ,erejected 1f thex were hranched at or above the 1972 1ayer.
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.}97 possessed 5porophgtes, or were obvzously damaged The 30
selected 1nd1v1duals Here then Separated into segments and
; thosé older fhan the 1972 layer were dlscarded Inltlally
' the segments from each sten vere welghed 1nd1v1dually and gw ﬁ&
the dry Uelght (80°C) of each uas expreSSed as a proportlon
of that of the 1973 layer.‘ The 1972 layer vas also measured
as a check on the 1973 layer 51nce, -as Tamm (1953 PP- 22 -23)
pornted out lf the segment selected as the base segment 1s
subject to elther grouth or deccmp051t10n, ernors rh the . }

flgures for the other segments wlll folloymvéi,‘ff' l
R ,,*t ;‘ b N

The calcuLatlcn of the ratios for eacf\;ft
stem allowe‘upalculatlon ofv‘ﬁﬁf

ratlos of eacb layer for-”

-
.

' 95% confldence llmdts fo‘

provrded a reasonahle estlmate of the confldence 11n1ts of

,% f'. the mean ratlos. As welghlng 1ndiv;qglﬂ,segments was hv,Q;'
| E tedlous, the procedure for measurlng “the ratlos was
51mp11f1ed by aggreg__lng the ﬁggments from each year,“h" -
o obtarnlng the dry velght, and calculatlng ratlos for the '
kientire 5@%?13"v¢ complete‘data are presented 1n Flg. 17.
. R Thls Flgure shous that the ch01ce of the 1973 1ayer as

the base segment was a reaSonable one,'51nce there appears.7

to be no 51gnifrcant%§easonal change in the ratro betueeji'b

this layer anﬁ %5: 1972 layer. L 11ne of best f;t through,.

the pOlntS on th

1972 graph.‘houever, shOUSja sllghQ"
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s - Figure 17. Growth of Jlocomim splendens in 1975 Changes in
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expressed as’ ratios of the 1973 layer.

D Lo dry weight of the 1972, 1974,,1.975 and 1976 layers ‘



' phenomenon was observed by Tamm (1953 p 2“).* It should

15

'negative slope‘of 0.16‘units for‘the six month season. It
s suggested that this line may represent deéonPOSLtLon of
the 1972/1ayer because,\lf the 11ne uas contlnued, it would
reach ;ero in about seven seasons, a value consistent Hlth
decomp051tlon ratec observed in the field (assumlng no
signlflcant deconpos;tlon durlng the . wlnter months). This -
1s comparable with an estlmate of 5—12 years for
decomp051tlon reported by aeetman and Tlmmer (1967) for
Ontario populatlons of thlS spec1e

Growth of the 1974 1ayer was resumed in the early part

,JM Lo

1n early Hay to 1 0 1n mld—June (Flg. 17).‘ A SLmllar:
also be noted that the 1975 fﬁyer dld not 'shov any’
slgnlflcant growth unt11 completlon of growth of the 1974
layer.,' 4 “f o . . '

‘The 1975 layer grew malnly in July, August .and

September. By the end of 0ctober the average hlomass of the

]a valne uhlch is 1dent1cal'ﬁ1fh that of the 1974 layer ln'"
early Hay._ ThlS appears to support statements by Tamm.
4\353, 20), Longton and Greene (1969), and Longton (1970,-
1972b) that there appears to be little; . 1f any, growth
actlv1ty over the uinter months ln contlnental and polar

'cllnates.-ﬁ-g!,fﬁi”'7fé;’;r.;v.‘v

b»of 1975 the relatlve mass of thls layer 1ncrea$1ng from 0. 6‘

1975 layer was approxlmately 60% of that of the 1973 1ayer-,;;;}
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" season. Its ‘biomass at the end of October was similar ‘to

Lok

E .renalnlng 1ﬁtact have )

‘ glg dens° i =

Athe blomass of the 1975 layer in early May.‘;The cause, of

‘this apparent 1nh1b1tlon has yet to be establlshed, although

a requlrement for cold condltlonlng seems'not to be a factor,

.Sane materlal malntalned ln a controlled env1ronment

chamber at temperatures well above 0°C showed rapid grouth

of the 1976 layer after October.

Up to thlS p01nt d15cussxon has centred around grouth

in undlsturbe&'habltats. Removal of the tree canopy 1s

knoun to k111 Feather mO$Ses (Tamm 1953, p.103- Helnselman3

1963. Heetlangand Ilmmer 1967), but what effect does the

LN

'removal of the shrub and herb canopy, the tree layer

‘the’.growth of Hylocomium
A reglon of the fo’ st floor Was selected where the

coyer.of the tree canop ias/about 60%>and where'Ledumﬂ

‘“groenlandicum’had a canopy cover of uo 50% over a dense

carpét of'Feathet osses. L. groenlandlcum 1s an erect

T{erlcaceous shrub some 20 to. 50 cm hlgh, wlth elllptic—

foblong leaves 3 to 5 cn long whlch are predomlnantly clumped

"_at»thexbranch.tlps. -Four afeas, each 1 mz,’vere c;eared 2f

i . . . : H

iithls and other shrub and herb spec1es. Areas 1 and 2 were

L

cleared 1n ni&—aune 197u. The shrub and herb canopy "of Area

'“1 con51sted of Ledum groenlandlcum (35% cover), SmllaC1na

'f: trifo;ig (10$)p‘§gg_; gggatllls (<5%), Egu;setum sylvatlcum '

(<5%), and 2;cc1g;gg°v1tis~j’ ea var.; 1nus (<5%)_.,_he
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groenlandicum (35%), Egunggﬁm sxlvat;ggg (5%) , Smilac;gg
tr;fo;;g (<5%) , and Yaccin ium yitis-idaea var. minus (<5%) . -

Area 3, with a cover‘pf'Ledum grcenlan_;ggg (45%) , Eguisgtgg

sylvaticum (5%), and Vacc¢inium yitis-idaea var. minus (5% ,

was Clehred on 4 June 1975., Area 4, withba cover of Ledum’

g_ggnlagd;ggm (55%) , Cornus cag_gens;s (5%), Smilacina
gjglla (5%), and VaCc1n1um v1t1§-1daeg var. minus (<5%);

was cleared on’' 2 July 1975.

Samples of H ;og 1um splen ens vere collected from the

'cleared areas ‘at monthly 1ntervals in 1975.: Samples’uere
not collected fron Areas 3 and 4 unt11 ‘the month folloulng '
clearlng. From each sample collected from each of the

cleared areas, 30 stems were. selected and the 1nd1v1dual

. segments welghed, as descrlbed above. The results ‘are

plotted in Flg.~18, superlmposed on the data for the 1&74

and 19?5 layets frcn Flg. 17.
.

e e

Flgure 18 chous that the 197u layers from Cleared Areas
1 and 2 had a slower grouth rate than those from undlsturbed
carpets and completei thelr grcuth approxlmately.one month"
later-' In contrast, the 1974 layers from Cleared Areas- 3 |
_{and 4 dld not appear to have been affected presumably

: because thelr grouth was conpleted before clearlng took

place., he 1975 layers fron Cleared Areas 1, 2,(and 3 also

..

had a slouer\grOUth rate, althongh the 1975 layer of moss
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Effect of. shrub cleariné/on growth of Hzlocomium
ndens.,. = growth of 1974 and 1975 layers in

78

- . = growth in cleared
L O= area 1, O= area 2, A= area 3, V=.area 4, .
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microclimate t\;f even the removal of a rather open shrub

‘layer can have eacurable effects on growth rates. These

effects are dlffiéult to guantlfy since 'the growth of the
~
undisturbed moss ls-§? variable.  Sone of the factors which

might be involved. will\be discussed later-

AN
s

; oy .
; 4. Product1v1ty of the Hoss Carpets'

s,

~——

One\\trant\ge of the moss system is that there are no

the amount of underground parts. 'A dlsadvantage, however,
is that there is ‘nc clear lelSlon bet@een live plant,. dead,-
;§? plant, and peat, so the terms "standing crop"‘and\gblomass"

\
" have no useful meanlng (Clymo 1970). At least part of the e

moss tlssue remains- allve at con51derab1e depths 1hrthe R
Jpeat so blomass can by no means be equated;ulth‘the gteen

layer of the turf- (Longton 1972c). |

Estlmates of net dry mattér 1ncrease of elther the

’fg_mggg xpn m ‘pitens or,the Feather mdss canoples were'not”

p0551ble hecause nc_meaéurementévof decbmpesi@ien-rates vere

;made._ Estlmates of the net ‘production of the Tomenthxp um
;”n;tg s canopy atre dlfflcult because of ‘the cons1derable
g:spatzal-vazlat"“'I% growth rates due to. dlfferences in

'5f,e1acrenent to- lncrease in. blonass. The latter p01nt presents

(

<aj a conplex problen hecause T.En;tens stems of dlff nt

;Hater?coﬁtents) have dlfferent
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iorphologies.' Green stenms have a very elongated growth form
A
and a high shoot den51ty, brown stems are less densely

clustered and have.a more open appearance, and yellow stems

are lntermedlate. The density of stems varies from 4 x 104

\

to 1.5 x 108 per m2, the higher'shoot densities being found &

in moss carpets pocseSSLng green«aplces.

Measurements of 13 samples, each 55 cm2, of the top

-

1 cm ‘of the T. n_&ens canopy shoved a mean biomass of
167+13 g_m-z (meants.e.). If it is assumed that gxeen moss
represents {0%, yellow—-green 30%, yellou—brown 50% and
brown 10% of'thegg‘ nltens carpet (from fleld observatlons)

and that the green mQSSvgrew,1.6.cm,.yel;ou-green_1.0 cm,

»

' yellow4brown 0.5 cm, and brown 0.4 cm in the 1975 season

‘

(Figqg. 16); tbhen it follows, dlsregardlng dlfferences in

«em“;;;m,wncrﬁholegy. that the average net productlon of the moss .

- Vr"‘ T @
‘ carpet 1sJ0¢75 cm, or 125 g m2. ‘Examlnatlon of canopy

saﬁples, hovever, indlcated that the aplces of about one«
thltd of the individuals (lncludlng indeterminate branches)

~:term1nated belou the i cm mark. sampled above. The

productlon estlmate, therefore, should be 1ncreased ky 50%,

‘whlch makes the estimate of net preductlon of the

‘_ﬂiqmegthxpg n nit gz,canopy,~1n 1975,‘about 190 g m‘290f
_ canopj surfac%; The errors ‘in estlmatlng thls value are."

nunerous and aostly of unknown nagnltude, so no cdnfldence

-~ L . o

. limits. cam he "set. _; "_‘J S -

. .iv.v,-

#,’ + .
Tie value cannot be canpgted 31th other neasurements
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‘Teczynska~Kamecka (1974).

';ifr&Ctlon %as proportionately reduced. e o

81

known. Itvie, however, of the same ordey of magnitude as
moet published production estimates for Species of Sphagnunm;
for example 260 to 800 g m~2 for S. fugcum in northern
EurOpe (Overbeck and Happaoh 1956. cied in Reader and
Stewart 1971), 269 g m—2 for §. fuscym 1n Lngland (Bellamy
and Rleley 1967), 180 to 790 g m—2 for various Sphagnum
species in various habitats in th UK. (élymo 1970), 63 to
632 g m—2 for ‘'various Spgggggg g£pecies in Swedish tundra
(Sonesson 1973), 130 g m—2 for §S. gugg;;gg in the ﬁ.K.

(Clymo and Reddaway 1974), and 228 to 393 g w2 ie\‘pure

carpets of sEhagnum in the U.K. (Fcrrest and Smith 1975).

It is also comparable to estimate of 51-145 g w2 for

produotion of Aulacomnlum gglustre in Poland reported by .

‘ S
Estlmates of net productlon cf the Feather moss carpet

3

are more stralghtfoward due to the recognizable annual

growth 1ncrements. Productlon cf gllocom; um _plggdgns in

‘o

1975 could be readily estimated (see Flg. 17) .- Productlon

rof Pleuroz ium §§hre§er1 and Pt111um crlsta~castrens;s wa's

-

‘.estlmated by harveetlng the current season's growth and

estllatlng the proportlon o’ the final growth that ‘the

’sauple represented. ‘Freguently the current year's growth

could not be. dlst1ngulshed In such ca§es, for samples

-ﬁicollected late in the season, about half of- the green T

portlon uas taken tOfrepresent one year's growth (after Tamm

<

1953, p 39).' Por saaples ‘taken- earller in the season this

f‘z‘ =,

¥




Productlon estlmates were made for 51x samples of
Feather moss; mean productloniwas 29;“ g m‘ﬂ (geanis.e.);fe
Production, ofecourse, varies with location ﬁgt‘theiabeve‘
value comparec Hlth the 4y to 58 g m12 (1n undusturbed
“fotest) recorded by Weetman and Tlmmer (1967) 1n Ontarlo:

It also compares with 38 to 106 g m—z recof&ed by Tamm
(1953, Table V) in Sveden, and with estlmages by Wlelgolasfi ‘
and-K’jelvik~(1975) 0f 70 to 130 g w2 for éeéthet mosses in
Norﬁegiaﬁ'eubalpine'iﬁkch‘forest“}exttapolated from‘Tagles

o y
32, -36 and 38) and 70 to 150 g m 2 1n Sallx thlcket

"(extrapolated fronm Tables 42 and ue).



IV. BRYOPHYTE - ENVIRONMENT INTERACTIONS |
a 'n.“ © ) ‘ v . . JIA , ”1"
1. Laboratory Studies of Net Assimilation

e

a) Introdnctlon:' o

“The correlaticn between eater content and growth of
ngggg;ﬂﬂpggm gitgps, and publlsled reports of the lmportance
of. water in the phy51ologlcal ecology of bryophytes (see»
rev1ev by Anderson 1974, pp.68 69), prompted lnvestlgatlon
‘of the relatlonshlps between net a551m11at10n and water
bcontent of the»bryophytes in thls studye. Previous studles
of tne erfect of water COntent‘oninet‘ESSimilation rates of
-varlous bryophytes have been made by fraymouth (1928),
Stalfelt (1937a), F.nsgr:aber (1354), Tallis (1959), Hinshiri

and Proctor (1971), Lee and Stewart (1971), Kalllo and

o

Helnonen (1973), and Peterson and nayo (1975). In all cases

an optlnal uater ccntent for net a551m11at10n has been

) observed, wlth ‘a decrease in net a551m11at10n rate with
 decreas1ng water content nntll, at very low vater contents,
i;no gas exchange is detectable,

0 Other studles have emphasrsed -the responses of net
“a531m11atlon to 1lght and temperature, for example Hosokawa
: et al.»(196u), Rastorfer and nglnbotham (1968), Bazzaz et
1.°(1970),‘Rastorter (1970,1972), Kall;o and Karenlampll'r
»(1973), and Dllks and Proctor (1975). A major problem with

w

: nterpretlng llght and temperature response curves, however,

VRS
‘83
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is that both seasonal and short term accllmatlon, the

,valteratlon of respcnses to optlmally utlllze the prevalllng

conditions, have been reported. 51gn1f1cant seasonal

changes in light response curves have been reported by

 Hosokawa et al. (1564) and in temperature response by

stalfelt (i937a). short—term adjustments to changing

temperature and light conditions have been reportedlby

Harder (1926, cited in Kallio and Heinonen 1973) and

Rastorfer” (1970,1972) [see also criticism of Bazzaz et al.

'determlned at 0.03% Coy w1th the same l1ght 1nten51ty

-

(1970) by Longton (1974b)]. Other problems include

Qalteratlon of llght response curves by different

e

temperatures (Tallls 1959 ; ‘Rastorfer 1970,1972) and the
p0551ble effect of carbon ledee concentratlon on optlmal
temperatures. . In experlments on some vascular plants, for

example, a 1. 22% CO, concentratlon ralsed the optlmal
/

Vtemperqfures for photosynthe51s about 10°C above the optlma

¢

(Lundegardh 1966, p 131). It was apparent, therefore,»that
(

llght and temperature responses of T. nltens and the Fe ther

mosses were 11kely to be complex and dlfflcult to elahprate.

- It was dec1ded that thlS was beyond the scope of thlS study
i'and attention uas.therefore/focused on the water relations

.of the species and the effect of water on their net

'assimilation"rates.

Heasurement of the relatlonshlp between net

‘

a551m11at10n and wvater content, houever, prov1des§t

ﬂlnfornatlon'unich is not readlly ccmparable_from one species

..

#



*

to another, since the same value fcr ua%ecwcontent nay
reflect con51derable dxfferences in water surplus or water
stress in different species (cf. Aqderson and Bordeeu 1955) .
To evaluate the-effectéef water stress on net assimilationg
it is desirable to‘have“an'ihdex cf d&tef'status which is
readily ce@parablefbetween diffefent:species; an,apprepriate
index‘for this purpose is vater potential. _fhe relationship .
‘betueeﬁ_weterbcontent and weter potential was eveluated for
each of the species used in thls study and water potential
values were then used 1n examlnlng the effects of water

status on net assxmllatlon aﬁd in . comparing and contrastlng

the effects 1n the varlous spec1es.'

-

b) Methods

T

Mats of $omen$§vpnug nitens and the Feather mosses,

'éach”30x55'cﬁ,'ﬁere:collected from the study site in late -

September and mid October 1975. 'In order to simulate field
A _ S . ' - ) .
conditions, the trays containing the Feather mosses were

perforeted to allow free drainege, vhile water vas allowved

'to‘colleCt in the gsfnitegsftfays. The mosses were

nainteiﬁedwin ap'Environmental.Grpvth Chamber (hodel 512,-;

V'Chagrianalls, Ohio) ender a clear piastic sheet to reducei

Hevaporatlons Incan&EScent and cool vhite fluorescent 1lghts
Y

w .
provided a llght xnten51ty at the moss surface averaglng

5700300 lux cmeaqis,e.x'for‘12,Bt“ulth an abrupt light-dark

a

tchanqg.-,Tﬁe light'ieyeltuas'increasedﬁto 1§gpnisqallux for- -
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a 4 hr perlod in the middle of the 12 hr photoperlod. Air
temperature was 1b°C durlng the llght period vith a' gradual
change to 20¢C durlng the dark period. Plants uereAsprlnkled
dai;y‘with distilled uater and irregularly sprayed_uith
Hoagland!s solution, with rron‘surplied as Fe EDTA. a

Net assimilation measurements wvere made in a second EGC

-

Chamber (uodel M3) . ’Positions were marked out on,the floor

of the chamber and, for“each pcsition, light 1evels which
uould be recelxed by moss in the experlmental flasks
(descrlbed below) were measured for all comblnatlons of
chamber llghtlng. nght was measured by a guantum sensor

(p Elnsteln ‘m-2 sec—l), a photometer (lux), and a-radiometer

(watts m—z) (Lamhda LI—185 Quantumyaadlometer/Photometer,

Lambda Instruments Co., Llncoln, Nebraska).

,In‘small,:unventilated'cnambers high light levels can
significaptly raise the tissue temperatureAabome-ambient’air

temperature.' It vas necesSary, therefore, to measure this

temperature elevation as a fnnct1on of light 1nten51t¥ A

~9ﬁf .
serles of neasurements with very fine (0.005 inch) copper—

7 8

‘constantan thermocouples attached to mOSs tlssue 1n

& .
experlmental flasks showed that temperature elevatlon.(T °C)

was related to inccming short-wave radiation (L watts m—2)

by the equatlons- |

T

1

" 0. 043 L - 0 8“ (for dry moss)

and T o.ozu L + 0.25 (for ‘wet moss) .

3

There is a significant temperature elevation at maximuun

.

-

chamber light ievels,vige.;about 17°¢ for dry-moss.



‘analyzer {(IRGA),

o
Temperature'elevafions{are lover for wet moss due to egergy
' . . P ,} .

‘dissipation throughfevhporation as well .as some reduction of.

2

radiation levels by‘uater condensation on the walls of the

flask. 1In experiment#'uhere noss temperature was'to be kept
constaat,‘temperatu:%’elevation uas‘compensated for Ey

lovwering the chambea.tpmperature~by the abprbpriafe amount.
The merhod useﬁ

to measure net assimilation.was a

modification of that described by Larson and’Kershau‘?f975).
A UNOR 2"(H. uaiha + Hamburg, W. Germany) infrared‘gas ,
ith a carriettreference'gas (296 ppm by v

-

volume Cog/air) f cu1ng at 150 nl/mln vas used.to measure

the levels of- -COy, Hlthln the experlmental'rlasks., The

flasks were 500 ml f11ter1ng flasks (v;th a total volume of

'sao“n;) fltted Hlth rubber stoppers at the top and serum

.sﬁoppers on the side arns. e - 3

The gas—analysis systen was similar to that shown in.

Figdure 19 of Larsoa andfkershah=(1975)“except'that no

i

"drierite COlunn was uskd. A drying colunn was consxdered

unnecessary because the IRGA used 1s relatlvelyalnsenSLtlve\
to water vapour (J M. uayo, pers. conm._1976), The IRGA was

set at maquum sen51t1vit1f-whi¢h enabled -a precise measure

-of fhe immediate change of COg4q concentratioﬁ in the- sample

cell on 1n3ect10n 1ntq,the carrler stream of a 2.3 ml sample

.

‘from a gas -syringe (Pressure—Lok Serles A, Precision

Sanpling Corp., Baton Rouge, iouisiana).
it
Larson and Kers;au (1975) state that- . .

T'SJ.nce the coz concentrat;on in the IRGA sample ,
cell, after injection of a 2-ml sample, changes to

-
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a naxlnum extent and then rapidly returns to the
same concentration as the reference cell, the
recorder deflections ‘appear as sharp peaks with a
zero line set at ‘the~ (known) € anentratlon of the
reference carrier gas. Peak height is calibrated
against known CCy concentration by 2-ml injections
of the standards. The -calibration is ac¢urate to
about 5 ppm and linear as long as a constant
- carrier flow is used." ' : /

The llnear nature cf the callbratlon, ar a chdstant flou
L€ o .

s Vo)
""\"‘ - !,“‘ s

'rate, was conflrmed in this studys - e

VL ;,ﬁ~ "5;
’The experxmental procedure for eaC% ndasurenent uas as

/
follows: The naterlal to be measured was placed in. a flask

and tne flask stoppered. A 2 3 ml Samplelof room air wds
Lnjected iﬁto the flask through the Serum'stopper, the flasx
agltated to mlx the air inside, and a-2. 3 ml sample then.
withdrawn. This procedure was followed in order to malntaln
'the flask gas pres=ure equal to rocm pressure.' The sample
was lnjected 1nto the IRGA gas strean and the response peak
_1abelled approprlately. Thls sample represented the COgq
: concentratlon at tﬁ/\peglnnlng of the experlnent. The flask
'vas then placed on 1ts side 1n cne of the marked posatlons
.1n the growth chamber, where the light had been neasured,
"‘and 1eft for a certaln time perxod. The time period and
anount of - moss naterlal were chosen so that‘the change 1n
j COa concentratlon uould be in the reglon of 40 ppm. ~ Thls
value was consxdered large enough to nlnlmlze the. relatlve
nagnltude of the neasurement errors and small enough to have
a ninlmal effect on IOSS phy51olog1cal processes.- At the'

end of the neasurenent perlod the f!ask vas removed from the

growth chanber, agltated to mix the air, and a 23 ml sample

\



89

wtthdraun. This sample was injected into the IRGA strean
and the CO; concentration at the end of the measurement
period determined. The net‘assimilatiou (N-A-) rate was
calculated as follows:

N.A. (mg COa ® g dry wt—t! e hr—1) = ACO, (ppnm).
- 9. 77 x 10—+ / [dry ut (g) x tinme (hr)]

.The conversion factor of-9.77 x.10*‘ was calculated as
follows: A 1 pp; change in CO, concentration represents 1 x
10-¢ mole CO,/mole air. Since the flask volume is 580 ml,
the pressure-ahd.tenperature in the laboratory averaged

700 mm Hg and 2939K respectlvely, and 1 mole of gas~ﬂggoates

Ty
7 1# v.'!nw;

22.u1uvlrtre at standard temperature and pressure- . ﬁ,x

L}

the conversion factor 1 x 10-6 x 580/22&1“ x 700/760 x
B 2737293 ‘

44000 mg

1 x 10-% x (580,/22414) x 44000 .

9.77 x 10— % mg/ppn

Since 1 mole CCqy

#he conversion factor

The relationship between vater potentlal and water
o

content was evaluated for each of the spec1es by determlnlng

'uater contents of"noss sanples~vhose weights had ka
. .

kY

equlllhrated over varlous saturated salt solutlons.
Saturated salt solut1 ns in closed containers are known to
provlde precise relatlve hunxdxtles»at certain temperatures

- and these relatlve hunldltles can be transformed into water

<

potentlal values u51ng the equation: | -
ﬂ'water potentlal (har) = (RT/VH) in (RH/100y

uhere B = '‘gas constant {(83. 1a bar cm3
. nole—1 °K—1) , ,
~©.T .= temperature (°K) -
-~ Vw =, partial molal volune of water
' (18.02 cm3 mole—1t)

-
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; RH = relative humidity (%)

Relative humidity values between 0 and 100% were chcsen
and salt solutions which provided these humidities were
selected from the tables in Hinstdn and Bates (1960). The
salts used, their relative humidities and corresponding
water potentiais are shouh in Table 5.

Moss samples were suspended cver the saturated salt
sélutions in small bottles and the bottles were then placed
in a wafer bath maintained.at 20+40.3°C. The samples were
weighed to equilibrium‘and water contents then determined
from the egquilibrium weight and dry weight (80°C); In an
attempt ?% determine if there was a hysteresis effect, i.e-.
differences in water content at a certain water potential

depending on wvhether the material was wetting or drying,

measurements wergﬂpade~on both wetting and drying material.

c) Resﬁlts |

Other workers have noted that physiological reé;onses
of various species of mogg vary with depth in the canopy
(Fraymouth 1928, Abel 1956, Tallis 1959, Willis 1964, Clarke
'~ et al. 1971, Hinshiri and P;octor 1971, Kallio and ~
Karenlampi 1973) . Therefore} to determine which part of the
mOSS wNas photdSynthetically a;tive, a series of measuréments
of net aSsimilafibn rates of material from various depths in

the canopy was made for each of the four species. The means

and standard errors are presented in Table 6. There is a _
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Table 5. Relative humidities and corresponding water
potentials over saturated salt solutions at 20°C.
Relative humidity values from Winston and
Bates (1960). '

= M—
. Relatikve Water Potential
Coapound Humsidity (%) (bar)
distilled water 100.0 0
‘potassium sulphate 98.0 -27
lead nitrate 97.0 -4
potassium phosphate,
monobasic 96.5 -48
pyrocatechol T 95.5 -62
potassiunm nitrate 93.5 =91
magnesium sulphate 90.0 -143
potassium chloride 85.0 -220
ammonium sulphate 80.5 } -293
sodium chloride + o
potassium chloride 70.0 -482
calcium nitrate 55.5 -796
magnesium chloride 33.0 -1500
potassium acetate 20.0 -2177
lithium chloride -2813

12.5

-«

Considerable dedreaéé in capacity for net photosynthesis

with depth, so care was.taken to ensure that compétable

paterial wvas used for allisubSeguept experiments.

‘Anderson (1974) ﬁoféd-that “there is a ¢pmpli¢ate

;.

"
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Table 6. Net assimikation rates at various depths in the
moss canoplies (mg CO; e g dry wt—1 e hr—1). Light
level 250 ju Einstein m— 2 sec™ !, temperature 15°C.
Values are means with standard errors in
parentheses. Values for Hylocomiupm splendens
are for successive annual layers down from the
canopy surface.
_ Depth in Canopy (cm)
Species y
N 0-1.5 1.5-3.0 3.0-&.5( 4.5-6.0
- 4{\ —_
Hylocomium 3.38 1.99 0.27 = =-0.21
splendens (x0.256) (+0.082) (£0.072) (£0.037)
Pleurozium 3.02 0.89 ~0. 36 -0.41
schreberi (20.246) (+0.128) (£0.023) (0. 046)
Ptilium 2.91 1.12 -0.05 -0.37
ctista-castrensis (20.171) (+0.092) (£0.052) (£0.092)
ggggnt ypnum - . Y20 0. 16 -0.04 -0.14
pitens "(x0.033) (x0.033) (+0.022) (£0.013)
Ay
- Y

-

interaction among photosynthetic rates,

vater content of the moss."

light intensity,

and

Temperature is foremost among

other coaplicating factors which should be added to this

list.

In the investigation of the effects of water content

on photosynthetic rates it was considered desirable to hold

the light level and temperature at or near an optinalvlevel

.

in order to avoid potential complications due to limiting

-effects of thése‘paraneiers.

To deternlne optinal light levels,

measurements of net

 ass1nilat1on of §110901;un sggenden and Tomenthypnyk nitens

vere made at various light lnten51t1es;

The results are
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shown in Pigs. 19 and 20 respectively. Light responsw
curves of PleufpQziu® Schigbe¢rfi and Ptilium criuta-goutrubuiy
were not léasured, but ;ere assumed to be similar to that ot
H- splendens. The abscissa in Figs. 19 and 20 shows
“photosynthetically active radiation" (PAR), i.e. quanta 1n
the a30~700 nm range, plotted on a logarithmie scale.

These Figures show that the light conpensatio;’poiﬁts
are about 4 and 7 p Einstein m—2 sec™! respectively for H.
gplendepns angd T. pitens. Measurements indicated that these
. values corresponded to about 300~-500 lux, which is similar
to the 300-700 lux reported by stalfelt (1937a) for forest
mosses and the observation by Kallio and Karenlaapi (1973)
that the light compensation of mosses at optimunm

temperatures is arcund 400 Dux.

«

Maximum photosynthetic rates for Hylocomium splendens
vere :ecqtdgd at atout 250 p Einstein m—2 sec™}, uhicﬁ
correqunds to abéut 14000 lux. This value is similar to
the 16000 lux reported for H. splendens at 15°C by Stplfelt
(1937a). Light levels in excess of this value resulted in a
lower pet assimilation rate, a phenosenon which has been
frequently observed in mosses which grov in shaded habitats
(for exalple‘Stalfelt 1937a; Tallis 1959, 1964; Hosokawa et
al. 1964; Willis 1964; Rastorfer and Higinbotham 1968;
Rastorfer 1970; and Kallio and Heinonen 1973). This
depression of net assimilation has been attributed to Ehe
damaging effect of high 1evels~of visible radiation, rather

-than UV, on ihe photosysteas of the plants (Levitt 1972,

<
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p.u451).

Hax1mum photosynthetlc rates for Iggggt_xg nitens
vere recorded at about=150 n En.nstelnim"2 sec—1, vhic
corresponds to about 8000 lux. Thererwere no appaTent
ueleterlows effects at high llght levels, at least during
the measurement’ perlods used (30~ 35 mln)-'vThe "light
saturatlon" values of these brycphytes are comparable u1th
the 10000 to 20000 lux range reported for many bryoPhyte
specxes (Hosokawa €t al.'1964 Kalllq and Karenlampl 1973).

A llght level of 250 p Einstein m-z sec—1} be1ng close
to optlmal for the species under labcratory condltlons, was
 there£ore conSLGered approprlate for subsequent experlments;
 Whether*the results in the laboratory are appllcable to the
fleld repains to be establlshed. The optimal llght level
7for H. _plendens (14000 1ux) is clese to tge maxxmum 1lght
'1evel in. the storage grouth chamber (17000 lux), which may .
B reflect normal phy51ology or result from accllmatlon. 'This.
value is also hlgher than: that measured for T. nltens ‘but’

uwhether this has any. sxgnlflcance is not Xnowna. . "nght

e "

saturatlon" for T. nlt occurred at approx1mately 0. 1 cal
lcm-zfuiurl whlch 1se1eSs.than 10% of the maximum
hlntensxtles in its normal habitat. Net assxmllatlon rates,
however,_remalned fairly. constaat at llght 1nten51t1es up to
0 59 cal cn—2 mln- (about one—half full sunllght), so it is
poss1hle that thls specxes is adapted to.a wlde range of ~
1lght 1nten51t1es, and retalns thls adaptataon, ‘at least forg

perlods up to 2.5 months, vhen groyn under the sane

-

A
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conditions as the Feather mOsSSes.
" .Because of tlme and equlpment constralnts, no attempt A
’!was made to measure temperature reeponse and determlne
opt;mal temperatures for the species studied. Stalfelt
(19§7a{ found ‘that optimal temperatureshfor forest mOsSSes in

Sweden were typically -in the‘range’15=20°é, Hlth Hylocomium
- . L

splendens having an optimal temperature of 18°C." Kall;o and
Heinonen (1973) measured the temperature responses. of
_lgggggiu hreberl from southern Finland and reported an

: 3
optlmal temperature of 50C.. There are no°known reports of

optlmal temperatunes<for Tomenthypnug pitens. Since the

" -0

'day' temperature in the growth chamber,was 16°C and the“
mosses were presumably acclrmated to these conditions, it“ "y
vas assumed that an experimental temperature of 15°C would ,”
not be llmltlng,‘an assumptlon thCh, though plau31ble, I mfd
remalns to be conflrmed R o . ﬂ_ 4A.a/ o _: T 2[
ueasurements of the influence of" vater content on net
agsimllatlon rate, therefore,’were-made at a llght level‘of
250 p Einstein m—2 sec—1. and a moss temperature of 15°C
The results for. the four spec1es are presented in Flgs. 21
to 24. - All the Flgures show a broadly 51m11ar relatlonshlp
betueen water content and net a551m11atlon rate. In»each
' case gas exchange ceases when the Hater content falls below
0.4 g e g dry wt—l and ln at 1east three of the species
here is an 1nd1catlon that de51ccatlon affects

photosyntheSLS more severely than it does reéplratlon,

.conf;rm;ng observatlons-byvuayer and Plantefol (1926) and
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Plantefol_(1927) (loth eiﬁed in Patterson 1964) (see also
Slatyer 1967, p.292). This differential effect is nmost
obvivus in>gomegth129gg pitens (fig.,24), the species which

grows in the wettest habitats, and wvas not detected in

Pleurbziugvschreberi (Fig. 22),vthe‘species considered to
érou in_the‘d;iest habitats (e.g. Abel 1956). This
-phenomenon‘is uhiikely to have a direct effect on relative
vg;buth rates but may reflect important differences in'cell
‘phyeiology, particularly with regard toed;ought tolerance.

TLefe‘is'aleo a‘distinct deptession of net eseimilation
rates at higﬁ ueter’contents, a phé;Bmenon which hes,been
observed in manylbryephyfe species and generally attributed”
“to.the resistance to gaS'eichange of water films on the moss
surface (Fraymouth 1§28',_st&1fe'it' 1937a, Tallis 1959). |
The pptinal ﬁater eontent for net assimilation in

§11§gggig! §E;ggggg§'uas found fo:£e betveen 3 and 6 g o g
dtj vt-1 (Fig. 22), which is conparebleewith 2 to4.geg
‘ | arcy Gt_—i z:epor't_:ed by ’Stélfeltv (1§37a)..- .The optimal ;iai:er |
content fof'glgg;ggigg_SCHreberi uas'else betueeh‘3‘aﬁd.6 g
%'g~dfy wt—1t (Flg. 23); and conparable Hlth 2 tol g e g dry
ut-l reported by Kallio and Heinonen (1973). The
' ;differences betueen the experllental ‘and publlshed values.

euay be due to dlfferences 1n ganetophyte norphology in.

L dlfferent populatzcns; ph151ologlcal adaptatlon, or
>dxfferendes in techn;que. | | .

| The average net assinllatzcn tate recorded for
Agilgggg_f_ splegde §'at optlnal qater contents ‘was 3-77m§

=

¥ . - T X . .3. s ) ’ [



".for Hylocomium s splendens, Rle ._gm'§gﬁ£ehe£;) lel;gm

,Karenlampir(1973). The value for Ptjilium g*;§tg—gg§ rensis

‘previously published values are known. . B |

or [

CO; o g dry wt~1 e hr-1 (all subsequent values are in these

units). This is clo0se to the 3.2 reported by Stalfelt

”(1937a) and 2.5 reported by Kallio and Karenlampi (1973).

The average rate for Ple_5021ug schreberi vas 2.9, compared

e —

‘u1th 2.0 reported by'spalfelx~(1937a) and 1.1 by Kellio and

" vas 2.8, compared with 3.4 reported by stalfelt (19373).

The average rate fcr Tomenthyppum hitens was 1.3, and n

\

Relatlonshlps betueen vater ccntent and water poten\&al

gg;g;g:gg§;rens;§,‘and Tomenthypnum nitens are presented in
Figs. 25"to 28. It can be seen ~that there are no

sxgnlflcant dlfferences between uettlng aﬁd drylng curves

‘and that differences among ‘the sPecles are minor. In fact

the relatlonshlps for the Spec1es in thls study are sxmllar
to t hose obta1ned~by Klepper (1963) for D;gggggm scoparium,
Willis (196“) for Iort g ryraliformis, and by Bayfleld '

(1973) for R agon;t ;g ;angg;gosun (when re-calculated and

plotted to the same scale). ‘The s-all dlfferences hetueen

lthe spec1es could well reflect differences in cell uall

-

structure, cell latrlc and osnotlc potentlals, ot other

paraneters whichecould be xnportant in toleranqe of and

.recovery ffon desxccatlon, but thls has yet to/be'

establlshed.

Water potént;al values of —10,;—100 tan‘ed1OOQ bar are

‘lndlcated on’ Figs. 21 to 2@. Values closer te zero are
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- Figure 26. -
i _water content.O = drying curve; 4 = wetting su\rzg
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difticult to determine. The water contents of monne: poar
equilibrinm over distilled water are all an the tequon of
1.5 to 2.5 g = g dry wt=t, xo water potential:s must be close
to zero at the%e values. They will be slightly les:s than
zoro, howvever, because ot osmotic and matiic potential:.,
particularly in the cell walls (c¢t. Slatycer 1967, p.lany.

There is a signiticant decline in net assimilation
rates in all species at water potcntials between O and -10
bar. This is in agreement with Slatyer's (1967, p..Y2)
statement that "In general, reductions in appharent
photosynthesis occur at water potentials close to zero."

The effect of water stress on net assimilation rates appeatbs
to be similar in all four species.

Water contents at equilibrium over distilled watel arc
much lower than the water contents of saturatedAmoss.
Haii-ul uatér contents for the four species were determined
by saturating the mosses with wvater and allowing them to
drain for several minutes before sampling. The following
vater contents (g ® g dry wt—1) were obtained: Hylocomium
splendens 12.5, BPlgurozjum schreberi 15.7, Ptilium crjstac

castrensis 17.1, and Tomepthypnua gitens 10.9. Since the

equilibrium water contents of the aosses over distilled
vater were only 10-20% of these valﬁes, the data suggest
that some 80-90% of the wvater retained by saturated moss is
held externally in deaf axils and in capillary films on the
leaves and stems. Presumably the water contents over

distilled water mark the boundary between "internal" aad

-
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"external" water, concepts uhlch have been used fregquently
in studles of bryophyte ecology.(e.g. Glmlngham and Smith

1971, HebrarQy197u);".No'water strese

curs until~%iis
"external" water has'evaporated, and the time taken for thisb
ro happen is the. time durihg whioh'photosyn’ ';s can take
plece.. o i |

‘One “complicating faotor; however,'is thet
photosynthe51s rarely commences 1mmed1ately upon wettinge.
.There is generally-a delayf the length of which depends on
7several faotors, scme of. whlch have been prev10usly i
'investigated for example by McKay (1935) , Stalfelt (1937a).,
Petterson (19&3), Tallls (1959 19GU), H1nsh1r1 and Proctor
-?1972), Lee and Stewart (1971), Bewley and Thorpe (1974) ‘and
Peterson and Mayo,(1975). It’ appears that the duratlon cf

the delay-depends, among other factors, on_theispec1es, the

'duratlon of the prev1ous dry- period, and'the/number of prior
/L '

,wettlng/drylng cycles. A

An ed@irional feature oﬁ interest is.the pronohdced

respiration burst‘detectable imhediare}y after.uetti;g (see
. also. Willis 1964, Hinshici and.Eroctorf1971,4Proctor 1972,
fBewley-and Thor pe 1974, BewleY-et al. '1974, Dilks and
Proctor 1974, Bewley and Gwozdz 1975 Peterson and Mayo.
-1975) . Respiratlon rates for the Eeather mosses in the
first 10 min after ;etting are presented in‘Tabie 7. Tlese-
respiration rates, ﬁhich.yere‘ﬁeaSured at.250 p Einstein m—2

sec—1. and 15°C, are considerably higher than the dark'

‘respiration rates cf‘metabolically “normal" moss at 15¢°cC,



‘Table -7.

!

(at 250 ) Einstein m—2 sec—t

‘Respiration 0-10 min after wetting
‘and 159()

‘compared with respiration in the dark at 4°C and
" 159C (mg CC, * g dry wt—1 e hr—i),

Values -

110

are means with standard errors in parentheses.

s
e
b~1Q,min . Respiration
After in the Dark
Species ‘Wetting . 150C - 4oc
‘Hylocomium splendens -1.46 : ~0.73 -0.31
. ' / (£0.029) "(£0.099) (£0.034)
Pleurozium schreberi -2.18  -0.81 0. 34
: o (£0.113)  (£0.033) (£0.020)
Ptilium crista4cas£rensis ’ -2.53 -0.77 N 40:34
g L , (£0. 137) (+0.Q44) (£0.022)
" Tomenthypnum nitens - . -0.82 . 7 -0.40
: - ‘ (£0.057) (£0.005)

.

&

normal in this case meaning moss.which is,capable of

carrying out photosynthesis in the light’

Dark re5p1ration

ratés increase with temperatuée (compare the rates at 15°C

“field.

>

with thOSe at uoc in Table 7), but the rates achieved in the

first 10 min after wetting are considerably higher than dark

respiration rateé at temperaiures likely to occur in the

‘This indicates that metabolic pathways different

from thoee involved 1n normal dark respiration are 1nvolved,

Y

a problem which Fas' been 1nvest1gated by Beuley and Thorpe

(1974)

and Bewley and Gwozdz (1975) among<others.
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~-%+ "72. EXxternal Anatormy and. Water Movement .

"The complex relatlonshlps hetween uater potentlal andl
o _"1nterna1" and "external" water, and efﬁects of water on thej
initiation, malntenance, and decllne of net a551m11atlon,
prompted an 1nvestlgat10n of the source, distribution, and
1loss of water in the moss canopy systems. |
E The prlmary source of uater 1n the mire complex is
ralnfall, however ground water in the fen is apparently a

R

:“51gn1flcant source for Tomenthxpnum nltens. Heasurementc'of

aplcal water contents in thlS specles 1n early July 1975
showed vater contents of up to u . 6 g - g dry wt=t three days

after raln,‘and over 3 g e g dry wt—i ten days after rain.

Slnce evaporatlon <tress durlng thlS perlod was very high
(Flg.'12, p-53), the most llkely explanatlon for these hlgh

Caned ) ‘nater contents is supply of water from below.

:} The Feather mcss spec1es, on the other hand occnpy

.. -

better dralned 81tes (Blrse 1958a). Tamm (1953, pp-. 82-101)
# d;scussed the supply of nutrlents and vater to ﬁligg__lum
Q;endens and concluded (p.101) that "The 0ld v1ew that
_1l um splen ns, and 51m11ar mosses-obtain thelr '

/,c_ vnutrlents and water from below neets ulth serious
dlfflcultles when 1t comes to the 1nterpretat10n of the-
experlmental results" (see. also Hatson 1960). The prlmary
isource of water . for the Feather mossesq therefore,.appears

i . 'to be preczpltatlon, uhlch ralses the questlon of "the extent

/

to vhlch external anatomy and canogpy. morphology of the
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different species are‘adabted to the source and ditectien of

movement of the water supply. |
uorphologieal featunes uhieh‘most strongly influehce

direction and rate of external water movement are.density

and orientation of the stem leaves (cf. Bowen 1931;

MigdeTrau 1935; Auderson and Bordeau 1955; Barkman 1958)

p;78; nd Talli's 1959) and-.the presence_bf a tomentum of
rhizoidsy\or paraphyllia (Richards 1959).A structure and/or
‘:chemlcal‘c mpositicn of the external surface of - the leaf and

stem also'appear to be 1mportant in reducxng surface'>

tensxon, thus facxlltatlng movement of water up the stem.'
The helght to whlch water can rlse by caplllarlty on

the outside of 1nd1v1dual gametcphytes was 1nvestlgated by

- observing the distauce uhieh‘uaterlmdued up dry stems cut to

certain lengths and placed with theirabases in uater'in‘

_small glass cyllnders. In all spec1es water vas abie to

lreach the apex from a depth of 0 ce and in all except

ES

Pleur021um schre eri water reached the apex froﬁ a. depth of

6 cm. In xlocomlug Sp endens and Tomenthypnum nitens,

'uatet vas able to reach the stem afpex frem‘a_depth of 8’cm,:
presumably due-te the presehce of paraphylliabon the stem of
the former and. the- dense tomentum of rh1201ds onbthe leaf
_bases of the latter.; N

" The 1ncrea51ng resistance to uater movement with deptu
‘observed in the Feather mosses appears to be-: due to - |

decomp051t10n and eventual loss of stem leaves. This lbss

of stem leaves was obse;vedrln all the species and‘is
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probably responsible for the decqease in-capacity for net
aSSLWllatlon with depth which was prevmously dlscussed
Near the aplcal reglon of the stems, water movement appears
to proceed 1n the followlng vay. l1guld water reaches the
base of the flrst leaf, the cells’ and/or cell walls at the
leaf base absorb,the water and the leaf hegins to expand
fSlmultaneously water moves rapldly up the folds in the leaf
towards the ‘leaf apex and from there moves out across the
bentlre lamlna. As the<leaf expands away from the sten more |

water is drawn 1nto the leaf ax1l, which acts as a reservhir

from _Which. water eventually rlses 1nto the axil of the next
leaf up the stem, and.so: on. ' | |
- The spec1es best adapted‘for external/water transport_
up the sten appear< to be Tomenthxgnum nltens with 1ts dense
»tomentum, followed by Hl;_g omiunm _Qlendens, Ptlligg crista:

castren51s and then Pleur021um schreberl. Even thouéh there
T——

SESSRSSsss 2o

. is con51deraH&e varlatlon among dlfferent populatlons of the

same spec1es 1n stem morphology and extent of decompos1t1on,w

1

there appears to be a close llnk between water transport

v adaptatlons and habltat T. nltens grows in the wettest

» sites uhlle the hatltat of p. ‘§ghreber£ is comparatively

Xeric.

The four spec1es also dlffered 1n the extent to thch
water uas able to move from the apex doun the sten.

"Experlments vere couducted in which drops of water vere
N
added to the - aplcec of dry stens and the subsequent movement

—~

.of the wettlng fronts observed. In;Tomenthypngg.nltegs
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water moved freely through the tomentun to the stem base.

Slnce this species has a conparatlvely lou Water holdlng

’capacxty (see sect1on Iv 3.c above), this suggests that much

:of the rain falllng on ‘the moss in the flEld would ke

transported down through the canopy and added to the ground

'uater supply, rather than retained ln the aplcal reglon.
- Transport of uater away from the aplcal reglon vould prevent

“1nh1b1t10n of net a551m11at10n by high vater contents-

(IV 3. c), and the ancorporatlon of ‘this water 1nto the

ground wvater table would allow re—transport of vater.up'the,

stems on a future occasion when evaporation_stress was high.

It is. p0551b1e, houever, that a low'resiStance?to water

transport down the stem confers no’ partlcular advantages to

the specles but ‘is 51mply a corcllary of lou resistance to

»transport up the ‘stem. .

,In the Feather mosses water moved via the stem leaves,

as in upvard transgort, but the process vas somevhat

different.' Instead of novlng into the leaf ax11 and then

bulldlng up untll dravn lnto the ax11 of a 1eaf higher ug

) the stem, as descrlbed above, the uater bUlldS up in the

-~ -

1éaf-axil-but ten&s not to move(to»the one helou-lt unless
. o

At phy51cally overflovs 1nto it;',In other words,~unless the -
lamount of Hater avallable to aove’doun the‘stem is_high, the
_water tends to renlzn 1n the region of theaapex; itvvill be
‘jshown in a later sectlon hou the tendency of. uater to remain
_1n the reglon of the’ apex after raln mlght be advantageous

'to the Feather losces whlle p0351bly havlng an inhibitory
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Re51stance to water loveuent in elther directlon would

effect on T. ;i ens

Probably increase as water content decreased and the
capiilatyiconnectione betueen the leaves and along the sten
ﬁere brokeﬁ. Vertlcal water novement would be expected to
| \Ctease 51gn1f1cant1y at- thls polnt, even though a

o 51derab1e_gred1ent ;n water‘potentlal may develop.
Peterson and Ha}o'(1975f, for exaﬁpie; repofted a weter
potential gradient of 15 atm over a dlstance of 4§ cn 1n
g;gggnum Q__x__tum and supported the suggestlon of Andercon

and Bordeau (1955) that water is not transported under these

‘condltmons but used 1ocally»by the adjaCent leaves. .
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3. Microclimate and Bryopnfte Growth
S R .

a) Iompenthypnus pitens

The correlations_betneen.length'increase_andﬁcolour of

'the apical reglon and’betueen'colour and waterYCOntent' |
rarsed the guestxon of whether dlfferences in water content
.were respon51b1e fer the dlfferences in growth rates. It
‘vas shown above (III 2) that, Ln nlne sanples, ‘water .
lcontents of moss Hlth green aplces aVeraged 3. auto 23. with
-yellow aplceSvZ 0910. 1“ and brown, "0.3510. 11 g ° g dry wt'
(neants €.) o ihen these uater content values are examlned
_ulth respect to the net assrnllatlon versus uater content
curve in Flg. 24, it is apparent that the water content of
-materlal Hlth green aplces corresponded to 90% of the
;naXLmum net ass1n11at10n, and that of yellow aplces averaged¥
67% of'the naxlnun. At a water content correspondlng to
that of broun aplces, théie is elther no gas exchange or a

‘ net 1oss of carbon. It would appear, therefore, that,
: assuntng that. growth 1$ correlated Hlth net assxmllatxonA
;rate, dlfferences in aplcal water contents wete respon51b1e
vfor the dlfferences in grovwth rate of the. varlous colour

ves of To g;hlgg,g n1t n “in the fleld.

Eates of length increase in the varlons colour

_categorles show‘sone-varlatlon durlng the season (Fig. 16).
'_Assullng that growth 1s closely related to. 1ength 1ncrenent,

'it can be" seen that grovth rates lncreased fron May to’ June

”then shoued a nore or less steady decrease unt11 0ctober. ‘A
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similar seasonal ‘growth pattern has been reported for

Aulaconniug palustre by Teczynska—Kamecka (1974) . Growth
rates uere probably low during early May becauSe the ground
.Haterv;n the fen was frqzen (Flg.»10, pP- ua), and low
temperatures in the mOSS canopy probably also contributed to
}11n1tlng grouth 1n Cctober..

Slnce aplcal water contents appeared to be respon51ble
for differences in growth rates, changes in growth rate
‘during the season mlght be correlated ulth changes in one of
the parameters affectlng the Hater contents- Mean length
increments for each colour in each month were calculated as

\ N

a percentage of the total. length i ment for that colourb'
durlng the season and these are sh:jze:;]Table 8. -doss'uith
brown aplces showed no growth durlng the season and vas not
,1nc1uded. Grouth of noss of this category after mld-August
was due to the productlon of new shoots thCh Hlll be
dlscussed belou., _}

The ‘mean percentages fron Iable 8 were compared ulth
total monthly precxpltatlon (Pig. 29e) and the correlatlon
~coeff1c1ent uas found to be 0.92.f Thls hlgh correlatlon‘L
’suggests that ralnfall had some direct or 1nd1rect effect on
growth.: Raxnfall could affect growth elther through the
freguency of prec1p1tatlon or thrcugh some forn of raln
water storage, uhere the alount of grouth after rain is
proportlonal to the amount stored.. Freguency of rain was

cons1dered to be a mlnor factor 51nce the‘torrelatlon

hbetween growth and the numher_of uet days in each month ‘was
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Table 8. Mean 1ength increments for three of the colour
categories of <Tomenthypnun pitens in 1975 as
percentages of total length increments. .

Colour Category

Month Green. - Yellow- " Yellow- Mean
o green brown «
H‘ay 20 ‘7 15 | ., 10 15
~June 33 . 3 30 - . 33
’Juiy.. Q 17'_ o 20 30 22
august . 17 .- 48’ 20 17
september - 13 w0 10 1
october o ,0.< | 5 1»" 0 . 2.

- . >

4

oniy 0 72 and fleld measurenents had shown hlgh apical water
contents up to 12 days after Tain (see IV 2 above), thus
1nd1cat1ng a relatlve 1ndependence of raxnfall Rer se. The.
1nf1uence of ra1nfa11 on growth, therefore, must be
nanlfested through storage of uater erther in- the ROSS
canopy or in the ground uater table. Canopy water holdlng
capac1ty depends on sten norphology and den51ty and probably
varies sonewhat Ulth the varlatlcn 1n canopy norphology

‘- noted above (III 4).; Slnce T. nltens has a 1ov re51stance'
to Hater novenent, and assumlng that this resxstance 1s more
- or less constant vlth depth, 1t is reasonable to conclude

' that rate of uaber novenent 1n the canopy, and hence the

canopy uater content, is c0ntrolled hy ground water level
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under conditious of constant evaporation stress. Ground
vater level, theuefore, iaylue inportant in controlling”
field-grouth‘rates. Additional evidence for thds hypothesis
vas obtained from transplants (discussed beiow) which showed
that grouth'rates were negligible in habitats vherd no
ground water was available.

Dutlng the 1975 season the water level in the fen was
measured relatlve to a metal rod enhedded to a depth of
‘about 1.5 m in the peat. The correlatlon coefficient
between weekly varlatlon in water level and rainfall was
.poor (0;35), but,vhen the qorrelatlon between water level
,vériationlaud'pbecipiéation uinus estimated weekly
evaporation‘was9calcu1ated,’the coefficient'uas 0.65. The:

' evaporationvdatahuere,obtained-fron‘Fig.‘12 and.additionali
data for May and June estimated from the water vabour B
dé&icitsﬂin Fig. 11.» Relative to the level'at-the beginning

'uay} the'mean nonthly vater levels fron Hay to 0ctober

. were 35,58, 86, 120 110, and 110 mm louer. The correlatlon

N

coeff1c1ent between these values and average growth was only"

~0, ua._ However the ground water uas frozen in early May and

s

b]late Septeuher and grovth nay have been llllted at these‘

)tiles by low tequratures and/or water stress due to reduced

t? uf N

,rates of ttanspﬁ?% through the . cancpy. When the Hay and
"October values were excluded fron the calculatlons, the
\coeff1c1ent vas found to be -O 9%.‘ This vaiue was not'

' statlstically 31gn1f1cant and should he 1nterpreted with

5-caut10n,. The inaccurac;es in estllatlng ‘the: grouth rates,

L

e
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the complex nature of water level fluctuations and canopy
uater content fiuctqamtona, and the low nunber of samples

j
all contribute to difficulties in assessing the reliability
of this correiation. It seems reasonable, however, to
' suggest that, while rainfall is probably the ultimate
controlling factor, growrh of T. n;;_gs“is limited by low
tenperature at the beginning and end of the season and by
“1ncrea51ng depth to the vater table during the sumner..

-If growth of I. pitens was influenced by variation in
fhe.groudd‘water level in the fen, then this effect must
occur throdoh variation in water content of the moss apices.
From the relationship between water content and ¢colcur of
‘the epical region, ontlined above, it would be eipected that
the-colour of individual steas rouk%,change during the
season. No attenpt was. made to monltor colour changes in
the field, but exanlnatlon of field notes prov1ded no '
evxdence that 51gnaf1cant changes cccurred; samples assigned
to a partlcular colour category near the beginning of the
wseason tended to remain in that category‘ano: vhen changes
uere noted no partlcular trend vas ev;dent. o 7

; The correlaticn coeff1c1ent betueen gr%wth and mean
dally global short -wave radlatlon (monthly means obtained
fro- ‘Pig. a, p.27) vas: falrly hlgh (Orﬂu). The light

response curve of the grouth chanber naterlal (Flg. 20,

'fgp 95) shoned a "llght saturatlon" of 8000 lux (Iv 1. c),

~which is only ahout 8% of full " sunllght. Thls naterlal,

'however, laq have heen &cclllated to the chamber CondltlQnS

o - -
, L S o .
< £



(maximum illumination 16900 lux), so the results may not be
applicable to the field. Since this Species is exposed to
fﬁll sunlight in its normal habitat, and since it has e¢ither
a low light saturation valdle or can acclimate to lower light
intensities, 1t is unlikely that radiation was a tactor
limiting growth during the measurement period.

The correlaticn coefficient between growth and mean
monthly air temperature (Fig. 29c) was only 0.70. apart
from the beginning.and end of the season when low air and
canopi tepnferatures probably limited growth, variatiom in
air temperature during ihe Season seems not to have been a
controlling facfor.

Evaporation stress is proéably also a factor in
determining the water content of the shoot apex; the

initiation of new shoots by the brcwn moss late in the

-season was probably due to a reduction in evaporation

allowing a more favourable water status in the afpical
region. Additional evidence for this hypothesis comes fronm

observations nade'inv1975 of material trampled during the

}1974 fieid season. The trampled moss was bright green'and

ha_d.ﬁn sope 2-3 cm in an estisated time of 3-4 monthsf a

N,

rate which wvas consid%rably faster than normal. Thiﬁ vas

"aftributedqtg the fact that the apex was closer to- the water

‘table’and'was notvliliézﬁlby water stress. If this is so

then it is probable that§£hé T. pitens canopy is controlled

by the ba1ance Eetveén water transgort and evaporatjon and
net long-tern grovth of the%canopzvis probably controlled by

2 . . -
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changes in the water table and the decomposition rate. Due

-concluéions must be regaraed as being tehtative and subs

towconfirpation;by further studies.

b)‘Hylocodiug Splendens
/

o

S Thxs‘species has a complea phenology (see III. B,above),

: whlch makes it dlfflcult to relate growth rate to

a

environment. In 1975'each of tﬁe5197u 1975 and future 1976
.+ ‘'layers Showed some growth (Cf, Tanm 1953, p.27), thus it was

necéssary to consider all thesé layers in evaluating the
growth rate of the ‘Species. The biomass increases of the
- X - " . .

1974, 1975 and 197631aYers during’each month of the 1975

- A

Eeason,-ottained from Fig. 11 (p 74), are shown in Table. 9,

along wlth the total blomass 1ncrease in each month. Values

- 1n Table 9 represent increases relatlve to the 1973 layer
but can be converted to Rg by multlply%ng by 12.8, 51noe the

average blomass per-stem of the 1973 Lﬁyer was 12 8+0.11 mg
A,:r
,(mean;s,e., —2038).‘ If Tamm (1953, P-21) 'is correct in

stating_that "...§routh may be looceiy equated with dry -

‘matter increase" then the monthly totals for blomass
1ncrease can te readlly correlated wlth env1ronmental
cfactors in attemptlng to eluc1date factors which control

'grovth raté&. . T . - . _

°~°The assumptlon whlch is implicit in thlS approach 1s

',that blomass 1ncrease 1s small compared with the ‘pre-

- o . ’ e

o . - . - ) ~

‘to the numerous sources of error in this analysis theSe}éf/Q

3
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o

Table /9. Biomass increese in léYers of ~ Hylocomium
~  splendens in 1975 -expressed as ratios cf the
1973 layer. ‘ - '

- ”

. : Biomass Increase _
e T ‘(Relative to 1973 Layer)

Month ‘ 1974 1975 1976 Total ~
- : layer . Layer - Layer :
L May- . 0.26 10.05 0 0.31
June’ “0.08  0.07 .0 0.15
“July 0.04 0410 0 0.14
August o . 0.22 . 0.0i . '0.23
September 0 . 0.16 . 0.01. 0.17
october 0 °0.06  0.01 . 0.07
E » - ‘ : /’ o o .~’_. )
existing biomass, or. "standlng crop" and so changes in rate

of lncrease can be attrlbuted malnly to external

3

env1ronmental factors.‘ if each layer of this species,

' howeyer, 1s essentlally 1ndepende§t r0of the layers below 1t,

then the blomass increase of each 1ayer should be related to

the staﬂ%;ng crop of that layer. In this case theo

relatlonshlps betueen‘grouth and_enmironmental'factors would -

,be complicated bytpbenologicel,fectots,Such as initiation of

neby;aYers and senescence of older ones. TemmL(1953, p.60),

-~

,for efample, stated that “In all probablllty most of the

nutr;ents taken up by Hxlocomlum E endens are absorbed hy
the gr091ng organs themselves", and (p- 119} that "...of the

nutrients and photcsynthates used by the young segment in -

LD
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its growth;:relative}y little is.suppiied by the parent
segment." ‘ | |

If nutritional 1ndependence of the layers is assumed,
then the growth of the spec1es can be expressed as the
monthly blomass increase of each layer relative to the
average standing erop'of‘that layer in that'month
(Tabie 10).' Thls Table shows that hlgh growth rates were-
“achleved in Hay, June and August, Hlth 1ntermedlate growth
rates 1n July and September and a - 1ou growth ratg in October
(cf. Longton 1972c) . These data shov a close réiatlonshlp
| to:theftotaISVin Table'9,.and in»fact the means in Table“1Q
. show trends 1dent1cal to the trends 1n the Tab;e 9 totals

[}

(correlatlon coeff1c1ent 0.96) .. The relatlve rates of
sgro;th in each month, therefore, appear to be 51m11ar
whether the layers are con51dered nutrltlonally 1ndependent
'or not. In the absence of any experlmental eV1dence which
could dlstlngulsh tetween these grcwth models, the monthly
‘totals from Table 9 were used to represent growth of H.
splendens in 1975 and areicompared an.Flg. 29 (p.]gs) with
'trends in varlous environmental parameters.

| Comparlson of theygrowth'of zlocomigm splendens
‘:(Flg. 29a) Hlth mean dally global =hort—wave radlation x
:(Flg.v29b) shovs that the correlatlon is poor (correlatlon‘
coef£1c1ent 0. 50)._ Some workers have suggested that fight
‘nay llmlt Feather noss growth.: Tamm (1953, p.41-45) |
Ldlscussed the relatlonshlp betueen'light levels and«spatial”

varlatlom 1n productlon of d. splendggs and concluded

]
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Table 10. Biomass increase in lajers of Hylocomium

splendens in 1975 relative to pre- exlstlng
blomass (Standing Crcp). .

Biomass Increase Relative

: _ - " to Layer "Standing Crop"
Month ' : 1974 1975 1976 Mean
- layer = - Layer Layer :
May | 0.34 111 o o. 48

June -~ 0.09 0.67 0. 25
suly - 0.04 "“0.53,. o,' 0.19"
Aqgust o 0 0.63 0.67 0.43
September . 0 0.30  0.40 0.23
october 0 0.09 " 0.29 0.13

| : « .
(p'109) that "...there seems to be'iittie'doubt that light
def1c1ency 11m1ts ‘moss. growth beneath a dense canopy... |
Tarkhova and Ipatov (1975) experlmentally manlpm!d 1lght

‘levels over  a Feather moss canogy and concluded t “"The:

'detrlmental influence of severe shadlng [1llum1natlon 5-10%
of that in open areas] on all species Was sllght but
rellable...", and Heetman and Tlmmer (1967) noted that

 nwMaximum green moSss yleld [Feather mosses] is attalned
beneath a canopy uhlch 1nterceptsﬁ35but 60% of the total,
1lght ;nten51ty.- At 1ouer llght 1nten51t1es moss grouth is.

4louer." Blrse (1958b) also implied that llght can be

'11n1t1ng in statln' t "Spec1es of the Heft form . [thch

.1ncludes the Feath occur wvhere lllum;natlon is
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least'reduced-by talier nlants." On the otherkhand Pessin
(1925) and Barkman (1958, p.171) considered direct effects'
of illumination to be, in general, of secoudary importance
in the growth and dlstrlbutlon cf eplphytlc bryophytes.

In this study radlatlon levels under the Plcea marlana

canopy (Fig. 29b) varied gfon'an average of 71.6-ca1 cmfza
da.y--1 in Juiy to722 2 cal‘afcm-2 day*.l in»October. With a

’ dayllght period of 16. 4 hr 1n July and 10. u hr in October
(Env1ronnent Canada 197&),'these llght levels average 0. 073‘
7and_0}036‘ca1 co-2 min—i respectively. _Van-zlnderen Bakker

(197#,,Appendix'F) measured light 1evelsvin a«Picea mariana

 forest and‘my evaiuation of his data»shovedﬂthat the
relatlonshlp between Photosynthetlcally Active Radlatlon
(PAR, p Elnsteln m—2 sec—t) and global short-wave radlatlonv
(R, cal cm~2 mln—l) was: ’

" longAR = 0.979 log R + 3.'_10'9.‘-7
ThisreqUation accounted for 98% of tne,variance. The 1ight
leVels of 0'073 and 0. 036Acal cw'.'2 min’l‘correspond‘to 99.1
“and 49 6 it Elnsteln m-2 sec-.‘ vThes@‘values,:on comparison

with the H. splend €ns

-

llght response curve (Flg. 19, p.9%4),
correspond to net assimilation rates of 2.7 and 2. chg Co, *
g.dry wt— ] hr- . Assumlng that growth~rate is correlated.
Hlth net a551m11atlon rate, these. data 1nd1cate that light
1s unllkely to be a 51gn1facant factor 1n cont’olllngvgrouth
‘rates, even late in the season, since a 69% decrease in

average radlatlon level from July to October wo be

‘expected to cause cnly a 19% decrease 1n ave age net L
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.assxmllatlon rate, uhereas-the actual deCrease“in.growth uas‘
Closer'to 50%. If thls sPecies is able to adapt to changing
llght levels (cf.‘ﬂosokawa et 3;. 196“, Kalllo and Heimonen
-‘j973), then the effects on net a551m11at10n may be even 1ess
519n1flcant. There 1s also no apparent relationshifp between
radiation and growth rate in nld-summer. It is unllkely
that hlgh radiation levels in June and July uould be

‘responsibple for de pressing the growth rate even though high

B pllght levels 1nh1b1t net aSS1milat10n (F1g~ 19, p 94). Even

.durlng October the average llght level would allou an
average net aSSLNllatlon rate which 1s 65% of maxlmun, and
this level must be exceeded freguently durlng the middle of
_the day.l " | \

~ This analys;s of the 1nfluence of llght lnten51ty -on.
fmoss growth is, of course, hlghly 51mpllf1ed.and the
,;conclu51ons mnust be regarded as tentatlve unt11 conflrmed by
pmore thorough studles.‘ ' w' ‘

Comparison og the. growth of He. sElegdenS'(fig, 29af

_with mean monthly a1r temperature (Fig. 29c) ;lso shows a
very poor correlatlon (correlatlon coeff1C1ent 0.15) . 'The
'1og grovth rates in Cctober mlght be due, ln part, ‘to low
temperature-(cf. Tallzs 1959, 196u),. owever low
ptemperatures may be advantageous because there is evxdence
pthat resplratlon rate is 1owered more than photosynthe51s
fr(Tamm 1953, p.102).' Other workers have also stated that air
{

'ftemperature appearc to: have llttle dlrect 1nf1uence on

' bryophyte growth (e g. Pe551n 1925 Barkman 1958, p171;

-
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. 4 - .
'éitkin,1975[.' Responses of net assinilation rate to
temperature were notimeasureddin this study, but the results
of other studies, for ex‘anple.'s'talfel_t (1937a) , and -the poor
V correlation betueen temberatdre and growth,'indicate that

air temperature, per se, is not a significant factor in

‘llmltlng growth. .

—

Comparison of t he grovth cf g.. g;egdegs Hlth mean.
: vaﬁourvpressure def1c1t (VPD) at 1300—1800 hr (Flga~ 9d)
shous'afcorrelaticn cOefficieht of —0e76 froa May to
septemogr, but thls coeff1¢1ent falls to -0. 09 when’ data
’from October are added.A As Barkman (1958, p. 69) noted,
. water loss and supply (except precxpltatlon) ‘depend -on VED
and this’ factor has been con51dered by ‘many workers to‘be
:Aextremely_lmportant 1n controlllng bryophyte growth'and

. dlstrlbutlon, for example Pesszn (1925)° and Clausen (1964).

”'m’Tallls-(19 9) con51dered that ggaccmltrlum lanuglnosum is
;conflned to areas Hlth oceanic cllmates because of
. deleterlous effectc of low hunldltles (see also Kalllo and
’Helnonen 1973)., It seems probable that hlgh VPDs are at
1east partlally recpon51b1e for llmltlng growth of H. aca
' 521endens in mld summer.: ) ‘ |
- Comparlson of the grouth of H. sglendens with" total
a_nonthly prec1p1tat10n (Flg. 29e) shous a poor correlatlon
(correlatlon coeffzc;ent 0 16). 'other uo;kers,,for example o
aTamn (1953, p’.ll’l,110)‘t Barknan (1958, P- 64, 171) and Pltkln |
:(T975), have stated that growth of mosses in- dry habltats is:

v‘not controlled by ahsolute anounts of pre01p1tatlon- houever



130

tney'did indicate that intensity and, particularly,
frequency of ralnfall are very important. iThis is
s;gnlflcant because, as Tamn (1953, p-48) pointed out, "The
- really important thing is probably the time when khe‘moss
carpet 1s wet enough ‘to photosyntheSLZe." | \ -

In the present study an attempt was made to estimate
'thennumber of days in each month durlng whlch the moss was

'wet_enough to\photcsyntheSLZe, 'For each nonth the ‘number of
days,in‘unioh.rainfall erceeded } nm was noted. It_yas
assumed that rainfall of less than 1 mm vas completely
,interoeptedpby'the tree canopy (see‘II.B above). |
“ ‘vsamplés'coiieetea'dnring.ﬁune_and July in-197u and 1975.
showed that'mossfapical uater”fontents deCIined.to " |
&:0.i510:011'g e g dry it;F (meants.e., n¥9) iithin three days
_after rain (cf.VStalfeit'193fb).“ At‘these values~the vater
apotentlals of the BOSS aplces were 1n equlllbrlum with the
vater potentlal of the a1r above theml (cf. Hosokawa et al.
{196u Willis 196a). and it is apparent from Flg. 21 (p.98)
that net ass1m11at10n uould have ceased by this time. |
Honthly totals of "noss net" days vere estlnated
assuming that the BOSS Was uet enough for . net aSSlMllatlon
-tdgtaketplace for two days followlng preclpltatlon in mld-
snmner,'and three days folloulng prec1p1tatlon fron mld—

,August‘to,0ctober (to allow for reduced evaporatlon).‘ These -

tHater potential of the air (assuming a diurnal temperature"
range of 5-22°C (Fig. 6) and a relative humldlty range of
83-45% (section 1I.3) ] varies 'from -about —240 to —1100 bar.

- From Fig. 25 these values are egquivalent to moss water
"contents of 0. 12—0 26 g e g dry vt—l
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totals‘are presented_in Fig. 29f:vhich‘shows that.the
relationShip'betweea estimated number of days_that the moss
'is_wet'and groﬁthﬂrate is. very close (correlation
coefficient'o.aé).' Pjitkin (1975) also reported a high
correlation between "rainfali ninns‘potential
_evapdtranspiration" (considered to be‘ciosely related to ‘the
length of time which the nosses were .wet) ‘and grouth (see
also Proctor-1972).. uoss grovth in June is lover than mlgnt. . -
be expected, hut this can be attrlbuted to cessation of
grovth of the 197Q layer and the early stages of grovth of

the 1975 layer;- In fact the rate of blomass 1ncrease of the
1975 layer was qulte hlgh in June (Table 10)-

~

The correlatlcn coeff1c1ent betveen monthly
, \ ,
_preczpltatlon and estlmated namber of days that the moss was"
vet uas only 0.38 co, contrary to the assumptlon ‘by Tamm
(1953, p.ua), the former cannot necessarlly be used to'
estimate the latter. | |

Grouth rates ckE Pleur021um schreber1 and Ptiliunm

'Crlsta castren51s 1n 1975 vere not measured The responses
-of these spe01es tc the varlous factors are assumed to be

‘SLmllar to those of” leocomlun ;Blendens.e
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‘4. Microclimate and Bryophyte Cistribution

a) Tomenthypnum nitens

~Some of the factors Hhich'control‘the grovth rate of
this spec1es were outllned ln a prev1ous section. The most
important paraneter appears to be ‘the balance betueen uaterA
transport to the»apex,and evaporat;on stress- The habitat
linits of the Speeles{'theregore, would be expected to Pe
correlated'ﬁith changes in“this paraneter great,enongh to
inhibit'growth. o -

Factors which~ may prevent growth in very‘uet habltats.
‘“for example flarks (see I1.2 abcve), were not: 1nvest1gated.
.Blrse (1;58a) reported that spec1es Hlth -a growth form
s;mllar to T. nltens vere adversely affected by long perlods
~of submergence, but the nature cf thli‘effect was not
. establlshed-

Factors uhlch 1nh1b1t lnva51on 1nto hahltats 0ccup1ed
by the Feather ‘mos s spec1es were mnvestlgated u51ng
, rec1proca1 transplants. hats of T. nltens, each about
 30x55. Ch, were movea to the "Feather moss tran5p1ant 51tew9;f
(s1te 4, Plg. 2, p-15) on 1& uay 1975. At the sanme tlme a ~
mat. was also transplanted to the'“Rldge~crest transplant
‘5‘51te" (51te 5, Plg. 2). In addltlcn cross transplants were

'Amade Hlthln the fen to deternrne the effect of the '
| _transplant process 1tseﬁf;‘ Durlng subsequent monltorlng ofn
fthe transplants durﬁng ‘the rest of. the 1975 season, no |

E

adverse effects attrlbutable to transplantlng alone were
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detected.

It was found that Tomenthyphum nitens was able to

survive and even grow in the Peather moss habitat, and in
fact isolated stems are common in the uetter regions under

normal condltlons (see. ) I 2 above). Growth rates, as

=Y

o neasured by cranked wlres (see II11.2 above), however, were

" only 20-40% of rates achieved in the natural habitat.
The mat‘transplanted to the ridge»crestlshoved‘no

growth~at all during the season. One week after
transplanting, the moss appeared brouner than gomparable:

;aterial in the fen and after two Heeks the mat as

'unlformly brovn (Plate 3a, p.70). Periods of rain and

-reduced evaporatlon promoted some recovery,nat least around
the edge of the mat 1n sheltered lccatlons, but the moss 1n

' thls habit at appeared moﬁz adversely affected than any other

. transplant.. It dld, however, remain alive; samples brought

into the laboratory and kept m01st for a few days shoued

".Ap051t1ve net a551m11at10n; o TR RN o,

The major dlfference between the normal habltat of T.
nltens and the rldge—crest 1s that ground water 1s.present-
,1n the fen but is not avallable on- the rldge crest. Birse-

(1958a) noted that spe01es Hlth grovth forms 51m11ar to T.
'g;tens were_"constantly Hlthln reach of the water table" in
,thElr normal habltat .and; uhen transplanted, thelr condltlon '
deterlorated and they turned hrown. Some recovery in autumn
fwas noted presumably, as in thls case,_durlng condltlons of

hlgher prec1p1tat1cn and louer evaporatlon.,
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a

In the present study the MOSS - transplanted to the
 Feather moss habitat did not~deteriorate, although the
growth rate was reduced. Thls is probably due to the tact
that the’ evaporatlcn rate. at the fcrested Feather moss site
was lower thah in the dpen. In Birse's study the Feather
noss site uas not forested~and evapcration rates at each

locatlon vere found to be similar.

Tomenthxpnum nltens, therefore, appears to be llmlted‘

.by evaporatlon <tress in habitats where ground water is not
avallable._ The requ1rement for ground water does not appear
to be oompensated for by ralnfall, even in- habltats uhere
thedevaporation =tress is lovwer than 1n the natural habitat.
Whethér thishis due tovthe~corparat1vely»lou water holdlng
.capaCityfof'the;stems (IV 1. c), to downward movement ‘of
ﬁater'away frompthe aplcal reglcn via t&e tomentum, or to
&

some other factor,'ls not known.

s

Although thlS spec1es can surv1ve in habitats occupled
'by Feather mosses, 1ts grouth rate 1s reduced and 1t would
probably be OVertopped and Out COmpeted by t he Feather tyf“
'nosses under ‘normal condltlons. Its.ma}lmum net ‘
'a551n11at10n rates appear to be lover than the Feather '>=
nosses‘ (compare Flg. 24 v1th Plgs. 21 to 23) and 1ts

‘ ~de51ccatlon tolerance may also be 1ouer.* Abel (1956);shoued

that the de51c~at10n re51stance of Aulgcomnlum pa ustre, a -

-spec1es uhlch occuples habltats 1ntermed1ate betueen those
of T.'nltens and the Peather nosses (Appendlx I, see also

-,:Vltt and Hamllton 1975), 1s louer than that of the Feather
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P
mosses. If this is also the case with T. njitens, then its
fitness in the Feather moss.habitat would be even lower.

-

s

b) Feather mosses
Transplants were also used to determine the nature of
the habitat 11;1ts of the Feather mosses. On 14 May 1975,
‘mats of Feather moss, each about 30x55 cm, were‘transplanted
to the "“Tomgnthypnum transplant site" (Plate 4a and site 3.
Flg. 2)« At the same time a maé?of Feather moss was
_transplanied to the Ridge—crest transplant site. In
‘additiod.cress transplants were made within the Feather“moss
community and, as with Tomenthypnue nitens, no adverse

effects attributable t6 transplanting were detected. (gid

N

Featheér mosses transplanted into the fen showed sifg X\
/bf damage uhen exarlned one week later. Some of the more
exposed lndlslduals appeared bleached (Plate atﬁ, éerhaps‘a
symptom of radlatlcn damage (see IV.17c above) . After tvo

weeks mpchjof~the_canopy<surﬁace was bleached, some stems

4 .
appearing almost white. Ptiliupm crista-castrensis appeared

torbe -more damaged than Hilocogium'splehdens,‘ahd_g;eurog;gg

SChr bggigappeared least affected.; This is codslstent with
I'observations bf Birse (1957) that B. §g§£g§g£ifis more
;_"phototrophlc" than H. sg;ende_g (see also'iamm-1953;

_p 46,103). Ind1v1dual stens in sheltered locatlons around

athe per1phery of the transplants appeared undanaged. _Over

the next three nonths the condltlon of the fransplanted

[
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' Feather mosses continued to deteriorate until most of the

visible materlal, except for that in sheltered locations,

appeared‘dead. Touards t;e end of August, however; there
appeared to be some reCOVery, probably due to- ‘the overcast,
showery ueather thCh prevalled for much of that ‘month. A
Some of the 1ess damaged materlal appeared to recover and
new green shoots emerged from many of the remalnlng stems
(Plate 4c). By the end of October about one—thlrd of the -
transplanted mater1a1 was green or shoued new grouth.
Feather mosses, therefore, appeared to ‘be’ damaged by ”

condltlons assoc1ated w1th the perlod from uay to mld—

August; Factors uhlch could have contrlbutéd to the

, deterloratlon of the. Feather mosSSes - durlng thlS perlod are =

radlatlon, temperature and evaporatlon stress.} To test the :

L -

effect_of radlatlon, a. fresh mat - of Feather moss was

mgt

'transplanted 1nto the fen on’ 9 July 1975 and shaded by a
"cheesecloth screen des1gned to reduce the radlatlon to 20%

of ;nc1dent¢_1.e. similar to the normal Feather moss habltat

{Plate er:“ To compensate for the-sun.angle,‘the screen ‘was
set up so- that, although all the moss uas screened from

dlrect radlatlon for,most of the day, Only haif’was covered'

. by vertlcal progectlon of the screen, the other half helng

"exposed ‘to the sky.: fhls meant that half of the moss mat

',uasesbmewhat sheltered from raln whlle the other half was:

expoéed to normal prec1p1tat10n.A The mat vas monltored for

ES

".the next three veeks and the condltlon of the moss appeared

_ Tto SlowlY'deterlﬁrate' espec1ally the half uhlch recelved
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little or no rain. Rain thus appeared to be essential in

_malntalnlng the mocs ins a; healthy condition. Deterioration,

a

»however,‘uas not as rapld as ‘in the fully exposed material,

indicatlng that direct and‘indirect (i.e- temperature)

effects of radiation were .indeed contributing factors.

~Higher evaporatiou stress in the mcre open habitat .compared

with the ncrmal hakjitat under the tree canopy probably
accouuted,for the damage to the shaded material.

_The,effect of evaporation»vas tested by monitoring the

<

:condltlon offa Feather mOSS mat transplanted into the fen on

11 June 1975 and ccvered by a plex;glass box. Tégh?lm was

¥ 13

to reduce the’ evaporatlon stress to determine if this 5

;gproved;the viability of Feather noss in the open fen

environmeut._,The box,‘howeVer,fprevented precipitation from

,reathlng the moss .and probably also caused a’ con51derable

'temperature elevatlon, although this was not measured The

coudltlon of the Feather NOSSs mat deterlorated so rapldly

‘ that, Hlthln tvo weeks, it appeared in worse condltlon than
‘,cthe exposed transplants after 51x weeks. 'The deleterious
f‘effects of . radlatlon,ilsolatlon from- prec1p1tat10n, @nd

°}presumed hlgh temperature, completely overuhelmed any

'p0551ble benef1c1a1 effects of evaporatlon reductlon.

SQ far d1scu351on has centred on Feather mOSS mats

‘transplanted so that the canopy surface was level with the

‘surroundlng Togegtgxgg nmteng, Slnce the Feather mosses

wa ). o

‘ have a- hlgher re51§§ance tohexternal watem_movement than T.

n gg (sequg 32 atove), most‘ofsthe-transplants'so'far_
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sed were not maintained in a moist state by'grOund_‘

wvater from the fen,feXCept,around the edges, but were wetted

only by precipitation.. Mats of the Feather mOSSes,
\therefore; were transpiaﬁtediinto the £ h and piaced so that
the'grqund water was'ablerto mcve freelyrig the'toﬁs or the
. canopies.. Withia two weeks'tpe.tips of the branches and
shoot apices had turned black% VThe‘same phenomenon has been

- observed in the growth chamber when mossas were maintaihed

in .poorly drained-conditions and hot protected frcm

@

evaporation stress. When some. @f these black tips uere

-examined it was found that £l¢rhaicur was. due to a deposit
among the leaves.‘ The depos1t could be rlnsed,out'wlth»

uater and, vhen diluted, it was similar 1n colour to water
*taken from the trays in uhlch the moss was groulng 1n the‘
grouthtchamber. It alsoAstalned 51m11ar1y v1th Toluldlne»

-

Bl'ep’ ItoiS-sugqested that this material wvas trahsporteq up

egtems in_the waterrstream and was deposited at_the shoot -
;@s'asfthe yater'evapbrated. It is not known why this
“Pgénomenon_doesinot“occar in T. g;t§g§; perhaps .the rhizoids
ofﬁthe tomentum filter the material out of the.wateraas it
_mqvesfup the‘stems. Growth ef the Feather mosses,e
etterefdre, appears to be 1nh1b1ted when water is supplled
from'belou, at 1east in condltlons of hlgh evaporatlont
stress.r ThlS is "in agreement with observatlons gy Blrse -
(1958af-on~the‘adverse effect of high Hater tables on’

Feather mosses.

o 1 ‘ An add1t10na1 explanatlon for the 1nh1b1tlon of Feather
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moss growth 1n ‘the fen is depre551cn of \get assimilation at

hlgh water contents (FPigs. 21 to 23) [see so comments_ on

Rhacomitrium lanuq;nosum by Tallls (1959, 196N ]- ‘This,

along with the other factors, may place the Fea €r moss

.species at a competltlve dlsadvantage Hlth respect to the
, fen speCLes and prevent their colonization of thlS h bitat.
The Feather mcss spec1es, therefore, appear to be
llmlted 1n the fen habltat by an 1nteract1ng complex of

- ~.

factors 1nclud1ng radlatlon damage and evaporatlon stress
(cf._Tamm 1953, p.10u)., Factorc assoc1ated with high water
étables, for ‘example formatlon of black depOSLts_and
depre551on of net a551m11atlon at hlgh uater contents, would

probably 1nh1b1t 1n1t1al colonlzatlon (cf. Glmlngham and

/fiBrynard 1959), but would be expected to gradually lOSe their

,1nfluence (1f the moss could become- establlshed) as canopy

grouth proceeded .There are 1nsuff1c1ent data at present to.
dlstlngulsh between these and other factors, and to |
determlne whlch are- fundamentally‘llmltlng and which could-
be overcome by approprlate adaptatlons. " _?ﬁa

The Feather moss mat transplanted to the rldge crest on
14 Hay showed sonme 51gns of damage one ueek later, some of |

the stems of Ptlllum crlsta-castrens1s appeared sllghtly

bleached. The condltlon of the mosses deterlorated durlng

'the follow1ng three months, but this deterloratlon was not

aAS severe as 1n the materlal transplanted 1nto the fen.

.Heasurements wlth an actlnograph 1nd1cated that the trees

e

"~ around  the rldge tcp site re duced the: 1ncom1ng short—uave

L



radiation to about 60% of that rebordedﬁat the Tomenthypnum
site, so the reduced severity'of'thépdamage may be
attributable to lower radiation levels. From mid-August to
early September, again correlated with overcast showery
veather, there was considerabie recovery,:butvafter that

' tiﬁe exposure on the opea ridge and louepreoipitation o
.appeared to cause further deterioratioh.

In the area around the rldge crest transplants

APlegr021um schreber1 and some Hylocomlum ‘splendens occur

underneath.the dwarf-shrub spec1es vyaccinium vitis#idaea

var. g;ggg_andrArotostaphylos‘ura—ursi uhich,haﬁe a cover of
*qearij 100% in the‘aréaQ- At least theSevfwo Speeies,
therefore; oan surviye.in thisrﬁabitat ifbprotected by a
-shrub;caﬁopy.,JIt»appears;:tterefore,‘that‘radiationuand7
evaporat;po stress'limit the Peatper.moss.species'in dary .«
_nonfrorestedvhabitats. VFeather mOSS sSpecies are, hovever,'
not;restrioted toefore ts. Tamm (1953;'p;§5), Birse
_(1958a,b)ﬂahd Watscn 1960)'reﬁort that'featherimosSes
.cohaonly occur'in proteoted,'non;forested'areas;f
particulariy on north?facing slopes.'-BeiI (1966) performed

'a multlple regress1on ana1y51s cf bryophyte cover (chlefly

Feather mosses) in subalplne spruce-f1r forest and concluded.~'

that “"The development of the terrestrlal bryophyte llchen e“.:
,stratum appears to . be 1ndependent of eBV1ronment created by~:
the tree stratum. Env1ronmental varlabres manlfested SR
through elevatlon and aspect are of prlme lnportance."

"~ These studles suggest that Feather mosses. grow in forested
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. g
rats primarily because of the fprotection from

avation stress and that any chemical or biotic
~vaction with the tree species, sueh'as uutrient supply
.llelopathic effects, are probably of secondary
ngtance.

Feather mess'greuth alsO‘appears to be‘iidited iﬂ scme
A uithinvthe forest. ‘There arexfrequentiy-areas, with
‘i of 20-40 cn} around‘the bases ef giggg‘gariana trees
~h are‘clear'of nosses,‘and other vege' io‘ES-Moss yleld_
(hown to decrease from the edge cf the tree canopy
.ardsAthe trunk, and this has been varlously attrlbuted to_
._cation hy,lew light (Tamm 1953, pPp- u1 46 109),
.Lbitipg'effeCtSFOf 1itter'fa11 (Tarkhqva and Ipatov
‘5),-and insufficieatnpreeipitatioai(Xbeli;'.197uf;.

Levels of radlatlon 1nc1dent ow a clear area at a tree
;e and on a nearby mat of Feather ROSS were . measured for
'c:Jeek wlth actlnographs.\ No 51gn1flcant dlfferences"

Ld be detected._ The role of lltter\I; llmltlng moss.":
'-f?-h'is dlfflcult to determlne and no doubt varies-
]’wlderably wlth forest type. :;nm (1953, pp 105-106)

’ Pated that 11tter fall can ‘b llmltlng, but only uhen'

'_:vfh is already reduced”by 11 ht def1c1ency, and LaR01 and e

".nger (1976) state that a Feather moss stem "...can pass
ﬂ'ugh or thrust as;de a: sutprlslngly ﬁhlck 1ayer of

:‘}1tus.., Indlcatlons are,»therefore, that the absence of
_ her mosses around the bases cf trees is not due

1t11y to detrltus llnltatlcn or ‘low }itht levels.
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.The,othernfactOr thouoht tolinhibit growth. of Feather
mosses.nearvthe baseS-of trees is water limitation- Field
°observations indiCated:that the canopy norphology of g;gga.'
. ma_;_ga tends to re—dlstrlbute precrpltatlon so. that it

,tends to flou to the ends of . the branches and fall in the

'ridrlp-ZODe around-the~canopy perlphery.' Sten flou in’

,COnlfers ls generally con51dered to he negllglble (Gelger

"1966 _p.331- Heetman and Tlmmer 1976; LaR01 and Strlnger

1976);, In thls study “Tru-Chek" rain gauges were placed on
'fthe clear areas and the Prec1p1tat10n collected was compared.
with that recorded at nearby locatlons above Feather mosses.
.:The measurements 1nd1cated that showers of 1ess than 5 nm

L

(1n the open) d;d not penetrate through to these clear areas
'1n-neasureab1e<amounts. -If ralnfall 1n the open-was more

'idthan 5 mm, then frcm 2- 27% (average 14% for 10 readlngs) |

penetrated to the clear areas. ThlS compares vlth an ’

"average.penetratlon of-78%,for the*Feather mOSSeS (seeflI;3

R above). Maxlmum mcss producthn seems to occur ln “or near

"the drlp ‘Zone . (Tamm 1953, p: ai 1964- Abolln' 197u) so it ls;p

’

-f_probable, therefore, that water supply is’ respon51ble for

\

”fllmltlng growth of Feather mosses’ underneath tree canoples,

;_partlcularly at tree bases.-

N .
L H



V. DISCUSSION

- Many of the problems in the ecology of these specxes,
and of bryophytes generally, regulre understandlng of the . *
phys1olOg1ca1 and blochemlcal processes involved in

tolerance of and recovery fron de51ccat10n. Recent research e

 has indicated that- o B R L

wThe rate of recovery of photcsynthe51s on re-
 moistening, the rate of " decline of the llmltlng
photosynthetlc rate following’ progre551vely
increasing desiccation, the cause of the initial

_ stimulation of respiration and of the londger—tern
“build—~up of respiration after moreé prolonged
desiccation, and the reascns for the death of:
bryophytes after desiccation damage, all require
snbstantially 1ndependent explanatlons" (DllkS agd
‘Proctor 197u).

The rate of recovery ‘on re—m01sten1ng vas. not

' investlgated in thls.study, but studles on Hz_ocomlum

‘g;_nden: by Stalfelt (1937a) and Dllks and Proctor (197“)
'.have shown that recovery rate- ‘decreases Hlth 1ncrea51ng
vduratlon of d951 catlon. Vitality of the moss, however, .
n»does not appear to be s;gnificantly affecped'bvlﬁry periods
’orllessrthan'abodi 40 days.” Since-dry beriods at the study
u_sxte 1n excess of this anount appear to be 1nfreguent,/.

deleterlous effects on thlS specxes ofvlong perlods of
,de51ccatxon are probably rare (Cfe Hlnshlrl and Proctorv
'c1971)eA The other Feather mOSS. spec1es are probably
>60n§arable in thelr-tolerance tc de51ccat;on_but no‘

1nformat10n 1s yet avallable.

Dry perlods in the order of 10—15 days ‘during mid-

145
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summer, howvever, couid reduce the amount of Feather mOSS
grouth during subseguent vet periods if recovery froa
desiccation takes‘a significant prcportion of the time
avallable for photosynthesis. ‘Available time is limited by

high evaporatlon rates t&\tvo or three days following rain

'durlng this perlod and, 1feloca1 areas of moss are exposed

to radiation penetratlng through gaps in the tree canopy.

this'time may be even further reduced. -This.effect would

‘angment the 1nf1uence of 1n1t1al varlatlon in water contents

caused by 1ntercept10n and redlstrlbutlon of prec1p1tatlon

~¥y the tree canopy. Also if sose cf the moss stems were

unable to'recover,completely from the previous dry period
before drying out again, then the effect of the two
de31ccatxon perlods may be cumulatlve, thus. redncing

recovery rate even further on sdbseguent rehydratlon (see

i-alSo Tallls 1959 Eroctor 1972). ThlS‘HOUld reduce the

growth of these stems in comparlson to - those which had-
completely recovered in the lntervenlng wet period.

D1fferent1a1 de51ccat10n rates, along with spat1a1 varlatlon

,in rainfallvunder the tree-canopy1 are ‘no doubt respon51ble
for the con51derable varlatlon in wvater content and ‘growth
frate noted in- the fleld (see also Tanm 1953, 1964- Klepper

'1963 Lee and Stevart 1971- ‘Abolin* 19‘74).

In the case of TOMenthxpnum nitens, duration of dry

»

perlods uould be expected to have llttle ‘direct effect since
ground uater is prcbably avallable for most of the season.<

In dlrect contrast with the Feather mosses it appears that ‘
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the total amount of precipitation, rather than‘frequency or
intensity, controls the drowth rate of this species throuéh
its influence on the ground water level. The relationship
.betueen precipitition add ground-water level, however, is
compiicated by factors such as evaforation rate and drainage
from the fen sygtem} and the relatiouship betweep ground-
ﬁater level'and moss growth rate is further complicated by
swelling and shrinking of the moss cgnopy with varlatlon in
wvater status (see conesson and Johansson 1973), relatlve- -
decompPsition rates, and the influence of'evaporation on

apical water contents. Conflrmatlon of the hypothe51s that
total precmpltatlon controls the growth rate of this. SPECleSP
uould regulre more accurate measurement of the very slow S\
growth rates and evaluatlon of the significahce ‘of the |
various complicating factors. |

‘The rates of decllne of net a=51m11atlon with
progre551ve1y 1ncrea51ng de51ccatlon appeared to be s;mllarb
anong the four spec1es studled.b Both photosynthe51s and
resplratlon decreaced ulth 1ncrea51ng de51ccat10n put
.photosynthe51s appeared to be BECCe severely affected Since,

Pt

,1n aliaspeeles\ggcept Pleur021um schreberl, resplratlon was

detected after photosynthe51s had apparently ceased (cf.

uayer and Plantefol 1926 and Plantefol 1927, both c1ted in

. Patterson 1943) . In the Fea:her mOSS spec1es net
"photosyntheSLS prohably ceases or becomes negative at wa ter 4

‘contents below 0.4 g e°g dry wtvt, so no growth ‘is 11kely

when wvate content= reach equilibrium Hlth the water
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poteutialeof the air at 0.12-0.26 g ¢ g dry wt—1,
Experimen}s indica ted that moss steams have a negligible
resistance to water loss and that vater loss tends to be
linear with tine, at'least until water contents are vety low
(cf. Barkman 1958; p-81; Klepper 1968; Hoffman and-Gates
1970) . This means that mosses in thé field dry out so
nrapidiy that differences between the species- in the effect
. of desiccation on net assimilation rate would be unlikely to
signifi;antlj influence relative growth rates.

A burst of reeplratlon occurs on wetting after even
short perlods of d651ccat10n._ It is apparently not llnked

R4

spec1f1cally with the recovery of photosynthe51s because it

-

has been observed after perlcdc of de51ccat10n long enough

to destroy any capablllty for recovery (Dllks and Proctpr -
\/
1974) .  Bewley and Thorpe (1974) stated that the re<riration

'_burst in Tortula ruralls apparently reflected incr T
glycolytic activity; however-Beuley and>Gu6éd2 (1975)'“°ted0
that:ATP 1eVels remained constant‘and suggested that either
‘the resplratlon burst is uncoupled from ATP ptoductloufof
ATP is synthesxzed but used 4t ‘a. rapld rate. Tucker et al.
(1975) investigated ultrastructural,changes that'occutred in
 1.“§§£§1;§'upon :ehfdtatiou'and shouéa that,'2—5'mih‘aft%r
vetting,.c0nsiderahle*organelle'diSEuption‘uas’apparent,
nltochondrlafand chLoroplasts belng swollen and dlstorted.
They suggested that the tespiratlon burst‘mlght ke
"cor;elated u;tb regalr of th;s.damage. Addltlon oﬁ llq01d

vater to desiccated moss has long been considered injuricus.



149

(for example Abel 1956), but Levitt (1972, pp.342-3u4),
noting the variation in experimental re%ﬁ{ s, concluded that
‘the situation was far from clear. Tucker et al. (1975)
sﬁggested'that ".;.tﬁe ability to withstand desiccation lies
oot in the ability of the b&ptoplasm to Cemain unchanged
during dehydration and rehydration but in the ability of the
protoplasm to return to what we consider as a unstressed

4

condition." .

ﬁesicoation tclerance has been shown to\yary with
season (Ochi 1952, Hinshiri and Psootorl1971, Lee and .
Stewart 1971) and this varlatlon ‘has been correlated with
variation in*osmotic potentlal (Hosokawa et al. 1964).
Patterson (196W) also»noted this cor;elation but comﬁented
that the influence of osmotic Ectential on xerophytism was
still an open question{

é
In addition to seasonal variation there may alsﬁi?e a

gradient in desi§cation tolerance within individual stems_

(Abel 1956) since\ in some species, young leaves have been

shown to‘be-more tclerant to desiCcation"than older leaves,f
(Hlnsh1r1 and Proctor 1971). Differential tolerance may

explaln the. ability of some spec1es to recover afher severe'“‘

<
X

stregs._ Dilks and Proctor (197“),‘for example, reported
thnt a small propo;tlon of the shoots of Hyloco ;gm

_sglendens surv1ved prolonged de51ccatlon, and 1t was noted

L
ol

in the present study that new shoots developed in the

transplanted Feather mosses and in the browa coloured
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August 1975. Whether these new shoots were more sitregs
tolerant or merely better broiected was not established.

/ Differential desiccation tolerances and differences in
ability to adapt to desiccation stress (cf. Abel 1956) are
probably signfficant factors in ccntrolling relative
distributions of bryophytes, but insufficient information 1is
p;eéently available to elabora@z’on this:

It has been shown in this study that wé£er has a ma jor
influence in contrclling growth rates ani in determining
habitat limits of the species examiﬂed. Water movement
however is apparentfy not under biological control since
there appear to be no significant differences in water
absorption}(ﬂﬁllér 1909, cited in Anderson and Bordeaﬁ 1955y

y oo, ,

or water loss (Stocker 1956, cited in Apderson 1974) between

living'énd dead plants. Barkman (1958, p.81,85) claimed

~/

that;;ate;of dptake and capacity to hold water are
coﬁrelated with habitat, but this is disputed by Patterson
(1943) and Anderson (197Q)f‘ It is important, however, to
-distinguish between the water relations of 1nd1v1dua1 stems -
and. those of the moss canopy as a unit” sxqpe, as Glmlngham

'?ﬁ‘(1967) pointed out, "....it is partlcularly 1mportant 1n

Q:i"nosﬁbs to take intec account not only the propertles of the

. lndlv1dual shoots in respect of water uptake. and 1oss,.but

;Vaqu the,effect of the vay{in which the Shoqts are grouped

\

together in thé colony: that is the growth form Gfs the

°

‘moss. ., .

Brzgphytes with similar growth forms occupy similar
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‘habitats which”suggestsvthat they are responding.in>a -
similar fashion ~o the uarious environmental parameters in
those habitats kHamiitOnaTQSB- Selm et al. 1955: Gimingham
and .Bir'ise 1'957; Rirse 1957, 1958a, b). _Ho}:phOIOgj:cally,
"ggmgnthxg Cnite s would be classified as a nTall turf with
divergent branéhes of limitedkgrowthJ along'uith mahy of the
specxes of - SEh num (Glmlngham and Birse 1957) and oné of
the characterlstlc features of this group is that "...the~

vaggregated shoots act as a wlck, drawlng water up the

exterlor of the stems in the small spaces between leaves and;

“

- stems and betueen adjacent shoots" (Glmlngham and;Blrse;
1957). Growth form is very 1mportant 1n the water balance
of_I, g;tggs becauce its’ growth appears to depend on the
‘balance between water transport up through the canopy and
"loss through evaporatlon, the hlgh den51ty of shoots |
,minimizgk loss of water from the stens. hwere it not for
‘thlS protectlon frem- evaporatlon, waterstransport to the
F‘apex would be reduced, ‘thus lowerlng apical uater contents,
net assimiiation rates and, presumably, the ablllty cf the
'specles to surv1ve and compete . 1n th;s habltat.

A hlgh ‘shoot den51ty vould not be partlcularly‘
advantageous to the Feathﬁz/vo%ses. .These spe01es do not
depend upon,~and in fact appear. to be. damaged by,vuater
supply from below, sc¢ protectlon from ‘water loss fron within
‘the canopy 1s not necessary. The nosSes’are subjected to
per}od}c LCCathD and, after’yetting,'the uater Fontent

L : : : . ) - .
- of the ,apical region must remain high for long ‘enough to
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recover from the effects of desiccation and then to achieve

- sufficient production to comfete effectively'agaiéstfo{her

'speCies;- ﬁt is’imp%rtant, therefore, t e apex'be

vprotected from eva;oratlon stre for as 1ong as p0551ble .

]

after raln and thlc 1s b St achleved in shad-nw

_vhdmldlty ‘and conj

in environments w;thghl

cover.f“Species‘uith-thed bility,to recover fapidlf_from '

’roith,rates, for example Tor;ula

desiceation”and withvlou ula
ruralis7(Be;1ey and Thor e 197“), can surv1ve 1n moren
qexposed habltats. 'The eather nosses however appear tolbe\
1gh evaporatlon stress and the‘ |
clearlng.ex}gerlmentc s oued that- grouth rate can ke “
measurably reduced by the removal of a: sparse shrub canopy,t
even 1n -a forested, relatlvely sheltered 51te.» Slnce7“ '; .
humldlty and cloud cover are generally lou, evaporatlon,"
stress 1n the open lS very hlgh atcthe study 51tefand thef ’
Peather: mOSSes are c0nsequehtly restrlcted to areas
"shéltered by trees,and shrubs.,i |
One feature which could have SOme 51gn1f1canee in the

water relations of bryophytes 1s the "wettablllty" of the

stems and capac1ty to hold water after raln.A Barkman (1958

p-81) noted that uater absorptlon 1s very rapld- in
.xerophytlc bryophytes, seconds. 1ess xerophytxc bryopdytes,
*70.5—} mln;imesophytlc speczes, 5~1Svmin$ aad hjgropﬁytic -
f_speeies, 1—several hours.' Barkmar also stated'ip.Bd) tﬂat

hygrophytlc bryophytes have low water holdlng capacmtles (5-

8 g e g dry wt—l), yhllevmost'xerophytes.have capac1t1es‘

. . - s
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ranging from 9 17 g ¢ g dry ut—i. However, Anderson ;1974)‘
clalmed that no con51stent relatlonshlp between water
holdlng capa01ty and habltat had been fowﬂd.'

“The three Feather mosses vere shown to have a hlgher
water holdlng capac1ty than gg_g_thxp_um nltens and the |
51gn1f1cance of thlS could lie in the fact that growth of

.the former requires the malntenance of a hlgh vater content
for as long as posclble after raln.‘ The fact that 80—90% of
the uater in. saturated moss is held externally is 1mportant
because the water content can decreaSe to 10- 20% of the
saturatlon value before any water stress is experlenced ky
the photosynthetlc cells. The fact that net a551m11atron is

°1nh1b1ted at hlgh uater contents would not necessarlly be ‘a
problem in the fleld since saturatlon freguently occurs
after a prev1ous dry perlod, and the delay in resumptlon of
photosynthe31s would allou some of the excess water to
evaporate hefore photosyntheSLS commenced. In fact excess:
uater may be. advantageous because, by increasing the

e're51stance to carbon dlox1de dlfoSLﬁP, 1t vould tend to

retaln in the aplcal reglon the carbon dloxxde released by

the 1n1t1al resplratlon burst and thls wou'd then be
'avallable for photcsynthesls when recovery occurred.

In the case of Tomenthvpnum nltens a high water holdlng

'ffcapacify?ﬁoula“hot“heraavamtageousi“runIIke—thH'SItuation*“rr“*_*f"
wlth the Feather mosses, ralnwater appears to have little

dlrect phy5101091ca1 importance 51nce it is e1ther

.  transportea down to the vater table or rapldly 1ost through
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evaporation. Growth rate in T. nitens is controlled by

\:a

water supplled from below, and growth is only p0551b1e when

the rate of transport through the canopy equals or exceeds

‘rate of loss through evaporation. - Caplllary uater in the

apical region in excess of metakolic requirements would Lbe

o

~deletierious because of the increased resistance to gas

exchange. There would be no selective pressure to increase

water holding capacity because, with the high evaporation

'_rates in the fen habitat, species with a higher capacity

’would be-unlikely to gain anyvsignificant advantage after

rarnfall over those with lower capac1t1es.\

| The correlatlcn between vater holdlng Capaclty and:
habitat noted by Barkman (1958), therefore, appears to apply
to the spec1es examlned in this study and may well ke
appllcable to many other bryoPhytes. Each species, however,
sﬂould be evaluated. 1nd1v1dually and conclu51ons drawn with
care because the role of water inm bryophyte ecology is
complex and involves many parameters, 1nclud1ng water_
source, path of movement through the canopy, rate of loss

and frequency of wetting and drylng.; The morphology of

individual’stems‘and the growth fcrm of.bryoph&te-canopies

.. may be closely integrated with the water relations of the

species concerned, and furtﬁer studies in this area may well'

result in explanatlons for many of these correlatloms.
Solar radlatlon 1s also a parameter with, complex dlrect
and indirect effects. High radlatzon levels apparently -have

a direct aeleterious effect on Feather mosses,.but do not
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appear to affect Tcmenthygnum nltens, or at least not to the

st
.same ektent. Susceptlblllty to dlrect radlatlon damage,

hOwever,‘is unlikely to be a prlmary;factor in limiting
eather noss distribution. ~ThiS-cbnolqsion is based on the
fact that these mosses occur in habitats‘at-the study site
- ‘where they are expcsed to radlatlcn levels in the order of
250% of average levels under the tree canopy. They are
presumably adapted to these hlgher light levels and their.
ablllty to surV1Ve there is poss;bly due to protectlon from
‘wind by sdrrounding trees and shrubs.and the malntenance of //"
a high‘humidity (susgpected hut nct measured) by’small‘pools
of water in thetarea-thus reducing evaporation stress to a
tolerable level.»l ‘ | | |
There uas no)lndlcatlon that. low 1light levels 1nh1b1ted
growth of any of the moss spec1es at.the study 51te durlngJ
the snou—free SeasoON. ThlS conclu51on, based on a fairly
superflclal laboratory study and extrapolatlon of the
results to the fleld, must be regarded as tentatlve until
couflrmed by more thorough studles.V Houever many mosses‘
have been shown to adapt to very low 1;ght levels (Hosokaua,
et al. 196u), and fleld measurements in the present study

suggest that 1nterceptlon of ralnfall by dense tree canopies

is 11kely to be more SLgnlflcant than llght lnterceptlon.

R'&1atIon“atsm*affectsﬂ?aramexers_snrh as a1r and moss

temperature, vapour pressure defleét“aad_local v1nd

o
-currents._ Temperature. of mosses such as Tomentthnum_nitens

in open habltats can. show dlurnal varlatlons from belou oocC.
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' to above 40°C with rates of change exceeding 109C in 30 min.

The actual temperature values ale unlikel¥ to be significant
: _ —

-

since most mosses apéear,to maintain positive net
'assimilation rates over a wide range of temperatyres, but if
is essential togstudy.theveffect of rapid'teaperature
fluctuations before any sound conciusions‘can be drayn; Low
\Egmp%ratures are»probabiy not a hazardfte mest aoss species .
since water loss from the’thia leavesvis~50rtabiaﬂthat :
freeg;;g injury due to 1ntracellu1ar ice formation 1;V
unlikely to oecur (DllkS and Proctor 1975).' Tomenthzgnum
g;;gg§, houeVer, is almost contlnuously moist and since
canopx temperatures generally drop be;ow air temperature in
~ the early_mbrning,.this speCiesrcan.be subjeeted to'freezing
:Atemperatures at any tlme of the season- ’Netfassimilation
rates were probably llmlted at the beglnnlng and end of the
season by low'zemperature and/or water stress due to
freezing of the grcund uater,\but the effect Of’freezing |
remperature oh-het assimilatiqn inltﬁis‘spedies has not-ﬁeen
studied. The Feather'moss'species appear‘ro'befrelarizely
uﬁaffected'by temperathres-as’low as —10°C wﬁen uet'and nay
~‘surv1ve even louer temperatures in a."freeze—drled" state
(Kalllo and Helnonen 1973, Dllksnand Proctor 1975). |
Evaporar;on'stress, uhieh is a fuhction>éf radiation,

air_temyeratnrefand uind; is an important factor controiling

the:water‘balance of Tomenth&pngg hitens.-’;n,conjunction
vith ralnfall frequency, ii is also‘ibpbrtant in'determihing

the length oﬁ tlme in whlch the Feather mosses are ahle to
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photosynthesize; 1he restrlctlon of T. nitens to“areas with
hlgh uater tables and tbe absence of. Feather mosses from
open, exposed habltats are probably due largely to the
effects of evaporatlon stress.
‘Other env1ronmental factorsbsuch as’ carbon ledee
concentratlon nea; the 5011 surface, nutrlent balance, and
i
‘1mpact of gra21ngivere not examined. Carbon E’bxlde
foncentratlon may affect absolute ;roduct1v1ty rates but is
unlikely to. have a 51gn1f1cant effect on determlnlng the
habitat limits of the spec1esv(cf.-Tamn 1953, p-101).
The‘role of nutrients in bryophyte ecology is very

~N

poorly understood. The:distributi ns of many species have

been correlated wlth nutrlent con ‘ntrations but

cause/effect relat' e far from clear. Mosses are
" known to accumulat Tals beyond concentratlons found in

the substrate  (e.g- amm'1953, 1964 Anderson 197&), and it

has been argued that nutrlents freguently limit moss growth ’

e (Tamm 1953, P-111; - Kalllo and Karenlamp1 1973). Addltlon of
| nutrlents to moss canoples in the fleld has reportedly
stlmulated growth (Clarke et al. 1971, Kalllo and Heinoned

19731 Kalllo and Karenlampl 1973), and field observatlons 1n

3
thlS study suggest that anlnal dropplngs may stamulate‘

-

grovth of T.,nltens.' HOSS'ln the 1mmed1ate area of - -such
drOpplngs had aplces which were much greener than the resti

] ts_that nutrients may lndeed ke

llmltlng, at 1ea¥t in soue'cases,'but further studles of

nutrlent budgets in the flelqﬂwcomblned v1th laboratory -

» . . - °




. following HaY~or Jdne;, It appears that

EN

s
158
experimehts, are necessary.

A nuaber'cf arthr0poﬁ groups are known to feed on
bryophyte gametophytes'(cerson 1969) , bot”the infiuence of
grazing‘ is .generallf consideredi éb‘e \miﬁnor (e.g.‘ ‘Barkman
.1958, p2171).‘-Tamm‘(1953« p.107)‘noted that'ﬁFor most
anlmals Hx__ggglum sg_ggdens seems to be little if at all
palatable_ag@wselQOm eaten.". No ev1dence of graz;ng damage
vas noted‘io-anf specimens‘coliected doring the.present :
:study. | A |
The 1nfluence of 1nterna1 factors on grouth regulatlon
'1n the fleld is also poorly understood. Grouth is
-conSLdered»to_be controlled primarily by external factors

(Tanm 1953;‘p520;37,117;‘Tallis'f959r Pitkin 1975) but; im
rsPecies such as‘Hxlocomiuﬁ _Elendens, 1nternal factors also

'appear to be 1nvolxeda in-g. §E;endens the bud thch will
vdevelop into the folloning year's growth layer lS ‘formed at
the same tlme that the 1ateral hrancheg are 1n1t1ated in the.
current year s layer,'but ltS'gIOch is sonehow»suppressed.
This suppress10n dces not appear to regu1re cold treatment
for removal, 51nce buds shou apparently normal development‘

| in naterlal brought 1nto the grouth chamber. ‘late 1n the
‘Seasou and‘%ept at temperatures abcve free21ng. Photoperiod

-.‘also’seems-not.to.he a factor since-a small proportion'of

buds.shoved some'elongatiOn in-late-september and October,_'

—

kyﬁereas‘dege}opment does not usually-ta e place until the
he bud -does Lhot

“start to elongate untll the prev1ous segmant has completed

///



_lateral bud may be always suppressed This hypothesis could

.most cases.“ Szueykouskl and Vogel (1966 cited in Anderson

‘197ﬁ)'found that North Amerlcan and European poPulationsgof

of Polytrichum strictum was dt
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its grovth. If this growth is delayed, for example ky

removal of the protective shrub canopy, then the development . ;

of the bud in ‘the follow1ng year also appears to be delayed.
Thls suggests that somne form of hormonal balance may be

involved, perhaps some kind of aplcal domlnance phenomenon.

The segments of the moss may be adapted to reachlng a
" certain size before the 1nh1b1t1on 18 released and growth of

‘the next layer commences (see also Tamm 1953,vp 23,112).

One reason for the monopodlal growth of arctlc and alplne

populatlons-of H. splendens (D.H. V;t}, pers. qomm.) is f““t\\\/”
IPOSSibly that grouth rates are lower and development of the -\

/ .

be tested in the field by remov1ng the aplcal bud and

"observ1ng whether sympodial grouth resulted.

Many bryophytes shov proncunced phenotyplc plastlclty

,(Tallls 1959; Forman 196“ Longton 1974a,b) and

) morphologlcal varlatlon 1s frequently: assoc1ated with

phy51ologlcal dlfferences (Bazzaz €t %; 1970, Lee and

'Stewart 1971, Kallio and Helnonen 1973).,“Hhether‘this

variation'is~genetlcally.determlned,va plastic response to

habltat condltlous, or'both, remains to be established in

“the varlable Geocalxx graveolens were 1dent1cal when grown

under the same condlt;ons- houever Longton (197ub) found

that the variation in»grouth and morphology of_populatﬂons -

—

to-a combination of
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environmental andvgenetic'factors.

) | The applicability of theﬁresults from this study to-
dthét'areas Vﬁere jggggtglgggg nitens and tHe’Feather nosses
occur, therefore, depends!on‘the‘genetic variation in these
species and the morpholooical and physiological plaétioity
vhich they are able to-eihibit. The”genetal climate of the
area aear scn appears comparable to t#e cllnate of other
areas where these spec1es are consplcuous conponents of the
'vegetatlon (Tamm 1953 p-136; Ritchie 1960 Ruuh13arv1“19§0;
Helnselman 1963‘ Sjors 1963) . Howewer it ié not'aluays
possxble to use cllmatlc data to determlne whether
‘mlcrocllmates are comparable.v In this case solar radlatlon
and air temperature gere comparab;e with data'recorded at a-
nearby meteorological'station at Edsod,ibut parameters such’
as rainfali moss temperatﬁre; evaporatlon and wlnd showed
yvarlatlon on a more local scale. ~In a reglon of;varlaple
topography, relatlonshlps betueenvmioroclimate and
macroclimate.can'be very poor (e-g- Eilliﬁos and Anderéon
1966) and this - 1s a major problem in attemptlng to correla:
species dlstrlbutlons with maps of meteorologlcal factors
(compare»Forman 1964 with Dllksrand‘Proctor 1975). The
aacro--aﬁd miCro-climatic data preSented.in this stddf
'shodld 'however, prove valuable for controlled env1ronment

“studles of - phy51ologlcal responees and in comparlng the

.'growth rates and habltat 11m1t5aof these spec;es with other

:populatlons in dlfferent reglons.



' VI. CONCLUSICNS

The Tomenthxpnum nltens communlty in the open fen is

—

exposed to higher levels of 'solar radlatlon hlgher canogy
surface temperaturés, greater surface temperature var1at10n7
and higher evaporation,Stress than the more sheltered
‘Peaﬁherfmoss community. The Feather mosses receive less
rainfall because of iuterception'by’the‘tree canopy and are
" subjected to freguent drought stress because, unlike the T.
nltens communlty, thei‘occur in uell-drained habitats with
. - .
no* access to. ground Wdter.
Growth rate of I. nltegs_depends on water cdﬁtent of
the apical region uhich ~in turn, is determlned'by the
balance between movement of uater from the vater table ‘up

through the canopy and Joss through evaporatlon. The canopy«

morphology is well adapted for thls procéss- the closely

Pen

)

packed stems reduce evaporatlon Hlthln the .canopy and the -
stem tomentum and ctem leaves Fravide a low-re51stance path

T r——

‘for uater movement. Rate ' of water movement through the
canopy is probably,controgled‘by depth-to the water table.>
’_aud-this aater level, at least in par£; may be controlled by
_the total. annual pre01p1tatlonv- evaporatlon balance.. Long—- "~
term grovth of the T. nltens canopy is probably determlned
by changes 1n‘ground~water level and decomp051tlon rate.
GrOurh of'T; niten ;n less hydric habstats appears to be
1nh1b1ted by restrlcted access to ground vater and this

ki
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water requirement does not appeer to be satisfied by
precipitation, even in habitats with a lower evaporation
stress.

[

; Growth rate of the Feasher mosses appears to depend on
the length of time which the mosses are wet, which is
determined by the.frequency'of precipitation. Feather .
mosses may have a highef net assimila£ion rafe and may be
more drought tolerantAthan T. nitens which could explain
their dominance in less hydric habitats; however their
esfablishment and gre;th in the fen appears to be limited by
suscepfibility to rédiat;bn damage and Sy deleterious
effects of saturation by uate:.supplied from the ground-
vater table. 'Survival of these species outside a tree
. ¢canopy is p0551ble if they are- prctected from evaporatlon

stress, but growth and surv1val depend -on_ the malntenance of

a hlgh aplcal water content for substantlal pericds after'

%

'e‘ ‘rain and thls regulres at least some protectlon from Solar

radlatlon and wlnd.

gee)
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APPENDIX I o/

N

Species Composition of Study Site Plant Communities

In the following table A to M refer to the plant
communities discussed in the text and the number s
'éssociated with the species names are théir cover -
~abundance yalues (Braun-Blanquet 1964), on a scale of"

+ tﬁ%j, in each comhunity. UnieSs otherwise‘indicated,
nomenclature for vascular plants follows Moss (1959), that

for mosses follows Crum et al. (1973), and for lichens
. '\ . / /

Hale ;nd Culberson (1970). .

Species ’ A'B C D

m
o
o
4
=
=
X

| TREES
Lariz laricina o 2 2 o+ 1
Populus baZsahiféra B . " + +
Pinus contorta var., <
" latifolia = . + 2.+ 2
Populus tremuloides ' - w2 1

Picea mariana : o + 1 2 &4

.

w

N

+

o

+ BN
+ 4+ w o

.Picea_glaiéa

SHRUBS
Ahdromedavpolifolia 1 1 + -
‘Salix bebbiana. _ - +

' Betula pumila var.
" glandulifera -+ 3

+
[

‘Saliz candida _ +

o

+ + + W
+

jSaZié macealliana J
o » .
Salix myrtillifolia o+

‘Rubus chamaemorus

T+ O+ o+ o+

Lonicera involuerata C 4+

»
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. > .
Ribes hudsontanum
Alnus crispa
Ledum groenlandicum

Vaceinium vitis-idaea
var. minus

Linnaea borealis var.
americana

Roga acicularis
Vaceintum myrtilloides

Arctostaphylos
uva-urst .

Shepherdia canadensis
Rubus strigosus ‘ '

Viburnum edule
HERBS
Drogera anglica -

Juncus albescens

Utricularia
intermedia

Muhlenbergtia
glomerata

Parnassia palustris
var. neogaea

Lobelia kalmiti
' Carex atherodes
Carexz limosa
bqrex'vagin&tg
Carex lasiocarpa
‘ Tofieldia glutinosa
>Tziv:g_10c,hi’n ‘maritima
Carex diandra" o
Carex interiorz
quenaria hyperborea

Calamagrostis
inexpansa

— % + 4+ = +  + -

+

>
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Species

=1

vEriophorum

scheuchzeri
Menyanthes trifoliata

Spiranthes
romanzoffiana

Campanula
rotundifolia

Caltha palustria

Pedicularis .
labradorica

Potentilla palustris

Orchis rotundifolia

Carex aquatilis

Ranunculus
lapponicus

Smilacina trifolia

Equisetum. fluviatile

‘Carex disperma

Equisetum écirpdides
Petasites palmatus
Equigetum sy%vaticum
Equi:;zum pratense
Epilobium SR
angustifolium
Cornus can&deﬁais

Geocaulon lividum

’E#yisetum arvense

Lycopedium
complanatum
Antemnaria neglecta
Galium boreale
Maianthgmumbcanadense
var. interiusd
Pyrola gecunda
Anemone maltéfida

Viola renifolia

o

+ +

o+ 4+ +

+. o+

+ + + +

+ o+ o+ o+ o+

i

=

+ + o+

o+ o+ 4+

+ + + -~ o+

+ ¥

+ + + +

I

+

+

+

i+

+ + + 4+

+
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44, S
s j?

Lt
B 4

Species

Solidage decumbens
var. oreophila

Pyrola virens

7, -
Aralia nudicaulis
Aster ciliolatus

Aster laevis var.
geyeri

Goodyera repens

.Lycopodium annotinum

Pyrola asarifolia
CRYPTOGAMS

Calliergon trifarium

Drepanocladueg
revolvens

Meesia triquetra
Scorpidium turgescens
Campylium stellatum
Cladonia cornuta
Sphagnum

angusti folium

-(Russ.) C.Jens. -
Cladina rangiferina

Steveocaulon
tomentosum

Bryum _ o
pseudotriquetrum

Sphagnum warnstorfii

Sphagnum fusecum

Tomenthypnum nitbens

Diceranum undulatum

Aulacomnium palustre

Sphagnum nemoreum
Scop.

Blagiomnium.
ellipticum -

Zf:_,~QBtid.)'Kop.
O .
 Cbadina mitis

et

+ N = N

o+ +-u1;~ =+
*
=
+
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Spectes ' A B C D E ¥ ¢ N J X L M
Dicranum polysetum + + o+ b+
"Ptilium crista- ‘

cagtrensts ’ + + 2 2 7
Peltigera apthosa + o+ o+ o+ o+ o+ +
Hylocomium splendens 4+ 2 3 3 + 2 +
Pleuroztium schrebert + o+ 32 + 3 o+ o+

+ W
-
+

Polytrichum strictum
Peltigera malacea +.

Ceratodon purpureus

+ o+ 4+

Cladina arbuscula

‘.
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APPENDIX II | - R
Maintenance of Mosses in Controlled Environment chambeqs

5\
. l\
A feature common to many, if not most,ucontrolled

env1ronment chambers ‘is the freguent exchange of ‘air whlch

is necessary to maintain lsothermalccondltlons;'151nce
‘ ' ' : ‘ R SR
mosses inevitably lose water if the relative humidity is’.

less than 100%, this perpetual‘currentroﬁ;aiqfcan_rapidly'W'

. ’ S L _ -, N ' - -
‘‘desiccate mosses, even'at‘low\temperaturesr if they are not

N

continualh§ supplie€d with water.

. " Many nosses, hoveVer,'may not survive‘if kept

”continuous}y wet. Some mosses, for example _gme__thggm _

itens, .can be‘maintalned under hi evaporatlon condltlons
Ao

if the base of the canopy is aluay aturated-‘however otherU

, R

spec1es; such as the Feather mccses, are adVersely affected
by water transported up through the canopy from belou.‘
Feather mosSes were malntalned successfully uhen evaporatlon

was reduced (tut not, preVented) by the placement of a ‘clear

5. o

plastlc sheet on, the canopy surface.. They appeared to be

‘_subject to fungal attack if kerpt’ ccntlnuously wet, but

appeared to thrive as’ 1ong as de51ccatlon after uaterlng was

s

R

-not too rapld.

Moss spec1es appear to dlffer con51derab1y 1n thelr

tolerance to varlous comblnatlons cf these condltlons but,

if attention 1s pald to thelr uater relatlons in. the fleld,

. 1]
then thelr malntenance under contrclled condltlons should

-

,.prove fairly stralghtfoward. i

S

;



