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Abstract

The moss ButhuliJ lphylla has been found at 75 localities in

mutheaste.rn Newfoundland and 2 localities on the west coast of the island,

Bostly in open Kalmia heaths on thin, acid (ph 5) hums. It is very abund-

. ant at 13 sites, md-ne.ly abundant at 24 sites, ‘and scarce at 40 sites.

The xpecizs' density, iated plant i and fire have '

been recorded at some sites where the species was particularly abundant.

The mineral element content of plant tissues and substrate were
analyzed and represent the first data for bryophyte sporophytes. Almost
a1l elements found in gametophytes ‘wera found' in the sporopbyte of- Buxbaumia
iphylla. Silver, previously found only In Polytrichus and Atrichum, was
found in Buxbaumia: »

' a .
Permanent plots enabled observations to be made on annual production

of sporophytes and on their and Sudden frosts appear
,s ¥

to have adverse’effects on development, often resulting in high mortality of
i S

capsules.” The first plants of a new sporophyte generation appear in mid-
Septe-bex but do not mature until the following June, overwintering as im-

mature“capsules. Spore dispersal begins in mid-June. From September to

- June twelve 1 stages of 1 it are ized

Protonéhata of Buxbaumia aphylla were maintained in culture for ten
nofifhs without Pprodycing sex organs, but possiblé asexual propagules were
observed. E . '.

Of three possible theories to explain the life history of Buxbaumia

_aphylla, the most likely'is that the protonemata persist from year to year

new x each This would refute the u-u-puon

that B. apkyua is an Ann\nl. moss nnd poutnaly indicate that it is lcmll.y

- & biennial or perennial moss.

-]
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‘Chapter I. -Introductiod

Representatives of the genus Buxbaumia have a nqumrz.—w_ﬁ

differs from all other menbezs of ‘the Division Bryophyts. They are -

unique becauge the spor phyte) . nt: Ete is the ' i¢

. generation. The gametophytes (male and female) are very much reduced

with the female gamemphyte being visiblf for only short periods during

sfsting o
the year and the mnle qmatcphy:e/\omy a few .:ena\anclnsxng an anther: t‘

idium. Buxbaunia and a related genus, Di occupy the Subcl

* Buxbaumiidae in the.Class-Musci. .o » . .
. Eight species of ia are o h b the world. )
Buxbaumia ipbgu; Hedw. and Brid. ( aphylla >

var. viridis DC, in Lam. et DC., Buxbaumia viridis Moug. et Nestl.):
appear to'be distributed widely throughout the world. Smith (1963)

reports that B. aphylla is known in Europe, Asia, and Japan, as well

as in North America where it ranges across the continent. According T

to Burges (1932), Buxbaumia indusiata is

Europe and North America and'it has also been found’ Ln cenrxal Ching

Buxbaunia piperi Best. is reported by Grout (1938) from Washington, .

Idaho, Mam:a.nu, and Briti.ah Col\lmbia. Since then it has beun found 'in

California by Jamieson and Holmberg (1969). ey W /
Buxbaunia ninakatae 5. Okamura has been described in Japan (luzgn,
* '1932). This species was collected from Siberia and eastem North America

'by Grout who named it Buxbaumia subcylindrica Grout. Iwatsuki afd Sharp J




(1959) compared. this matérial with B.' minakatae from Japar and concluded

Lhat both the American anrl Asiatic matatial bélong to the ‘same species,
Buxbaumia minakatae. : T ' .

P Buxbaumia minakatae has' recently been réported from Deoban, Y &
v S S

Western Himalayas; India, by Udar et al (1970). However, a subsequent

g [ ;| (S
detailed. 1nvestiga€i?m revealed that the plants had distinctive features. /

‘and anotheér species was naned, Buxbaumia himalayensis Udar, Srivastava

et Kimar (Udar et al, 1971)

Buxbaumia Javanica C./Muell. and Buxbaumia’' tasmanica Mitt. have

i been found in Java a.nd Tdsfania respectively (Burges, 1932).

 Burgés (1932) reported another species; Buxbaunia’ Colyegae Burges,

Fyodh i £rom material collected by Colyer in Ney South Wales. This was the - . 3
f£irst record of this genus from the Ausczéuan continent and the plants

4 reseribled Buxbaumia tasmanica very closely.

Two species of Buxbaumia have been -found in Newfounaun'a. They

are Buxbaumla aphy.lla and B: minakatae with the former being more common

3! and thie one on vhich the gzsseng study has” “been carried out. Buxbaum!a

L aphylla was tly first colldcted in News 1land by D.H: Norris
. N

. in 1966. However, this. repon: was not puhlxshe& The presence of

<" B. aphylla was first brought to ad attention in 1971 when it was' found

on. the Avalnn Peninsula of Newfoundland, near Baullne, Conceptlnn Bay,

by G. Freake and L3 !‘leaded Ca.nadim Forest‘.:quGrvice, St. John's. 't &

T Buxh!u.uua ap)lylla ‘vas originally aiscovered by Buxbaum in 1728.

$ 0 and Haller, Lh 1742, gave it the name Buxbaumia dedicating. it to ,the fimie_r.

' (Britton, 1896). The correct name for the.species 4s Busbaumia aphylla ¢

Hedw. (Hedwig, 1801). N i




Since its original description Burbaumia aphylla has been a, .

‘ very intriguing and exciting plant for bryologists who have collected
it . K, @ . ! T

There have been many common names attached to this moss, all

describing the peculiar shape of the cap: “Hump
elves (Britton, 1596), Elves (Durand, 1901), Powder.guns (Grout;. ,901,,

=" puds Gn stalke’ (ealssr; 1921);Qieas litkye grome- rixd nosses

G T (Svlhll.and S‘(ﬂ\ll. 1926), Elves on sticks (an 193(5), Torch-
- bearers Emmn, 1930), Bedbug on‘a stalk (Conard, 1956), Brown °
lhoe moss (Lye, 1968), and Bug on a stick (vdar et al, 1970)

. Alac, several ntntlmtl have been used. to describe the lppearlm:a. o

Rennedy (Britton, 1896) saw then as 'pictures of a Roman legion under

its test\ﬂo Blliel.ds."z Britton~(1896) described Buxhll-mi‘ as msmall, !

-, antique, bronze lamps, perched on top of a slender pedestal, which .-

S looks as.if it would topple over with!the weight of the vessel so un- V.

u;lljlly poised on its apex.”

Britton (1896) gives two - o irning the T
. ary position ‘of Buxbaumia aphylla. Goebel concluded that, based on

the simplicity of the _ mia is a ve form allied"

H
. e to some alga-like progenitor of the mosses. Campbell, emphasizing the
complex & and the g habit, thought'it should be \ f

given Sghes«: rank in the bryophytes. o Britton (1896) ulso states ‘that | 1

the dark color of the capsule and the !emlng abéence Gf gresh leaves |

9 ; : ° ; !
< "were considered by 'some aaxly s to a rel '
: i to the fungi. a:yologuu now tend to agree with Cl.pball'u m:y. AT
Nyholin " (1969) ‘nd Crum et al (1973) pllce Buxbaumi e near Polytri a
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an advanced family in the phylogenetic arrangement of mosses, A
Conard (1956) considered all finds of Buxbaumia aphylla to' bé }

rare. However, the opinion among most bryologists who have collected

it is that it is not rare, e.g. Britton (1896) who states that it is

"sporadic but not rare.” Smith (1963) believes that "the species’is

probably hot so rare as its inszequenc collectic;n would indicate."

Steare (1942) says "once the characteristic habitat and plant associations

Siave besin obsexved, thte wosh tAy Be Found very ENAILY, HaPGLES n

Pittsburgh by Bastwood, and in v;yma by Fernald."

Burbaumia aphylla has been collected in a variety of habitats:
sandy soil (Anderson, 195}; McClymont, 1950; Pettifer, 1956§ Steere,
ioa2), loan (Baker, 1927; Britton, 1896), humus (Cafroll, 1935; Oittinen,
© " 1967, steere, 1042 Svihla and Svihla, 1926 Taylux’, 1972), rotten wood .
- or soil containing,rotten wood (Taylor, 1972; Willia’in/s, cited by Grout,

1901), colliery debris (Corner, 1967; Corner, 1969), trails in.woods b

£ (Oittinen, 1967; Steere, 1942), on'gmm;a in pine woods (Anderson, 1951;-
1967) and ittinen, ]!967; Pettifer, 1956; Wheeler,:
~ 1901). B . .
3 *: -
o ! Because of the relati with wood fragr and. highly

organic soils many people considered this moss to bé largely or totally

’ . Sz ytic, e.g. prophytic. in habit it 5 ies among the mosses

somewhat the position that the Indian Pipe and Pinaaap do in the Heath

Family" (Kaiser, 1921). . ) - . .

5 In many cases where anbaunua aphyllu has been :epo:r.eq in the

1i it has.been as small Hn t oi:txnen (1967)

studied the distribution of Buxbaumia aphylla and B. Lnduuiata‘ (vltld.(s)




in Finland, He noted that, even though B. aphylla was widely distributed,

" it was not abundant. Only a few fruiting specimens were found at each
N

locality, ;

In a study on fite;succession .in Sweden, Uggla (1958) “said that
Buxbaumia aphylla always occurred ir severely burned and ivnséia‘ted spots.
It follows fires at a'l7-year interval and disappears after a brief
£lourish of :Mears. ’ o -

seme early brfologists expresséd the opinion that Buxbaunia aphylla
seldom reappears in the same locality year after year (Baker, 1927;
Brittpn, 1901). However, it has been noted that ‘this is not true in

all areas. Smith (1963) and McClymont (1950) both reported having

‘observed the moss in the sarie areas -during two consecutive years. In

Newfoundland I have observed the species in the samk locality for three
successive years. : . ‘

Durand (1901) said that the black soil on which Buxbaumia aphylla
grows had a green tinge due to petalsu‘ant protonema, Smith (1963)
stated that no'protonema was present on the soil when he found B. aphylla
growing in Towa in April, 1961, I have found, upon close observation .
of the soil near Buxbaumia aphylia colonies, that a green tinge is often
given to the soil by a small leafy.liverwort, Cephaloziella sp., which
is closely associated with the moss, ’ o

‘ McClymont (1950) reported having found two génerations of Buxbaumia
aphy112#4n Septtmh;:, 1949, . on generatiod vas ‘conpletely mature, some
having hed their spores. The other generation was very immature, showing

a slight swelling in the region of the spore case., Eastwood (1936) 1!

studied the development of the sporophyte and recognized four aistinct




k v “ .
\ ) stages. It is my opinion, after observing the development of';w gen-
N\ erations of Buxbaumia aphylla, that the sporophyte passes through more -
4 t_hln\feur regognizable stages in its maturation. )
\zo<nan (1965) studied moss shenology and recognized twelve ess-
ential deve\lupl\nenul stages of a moss life cycle based on mrl;ho.logy
: senslag, s, L
Mueller (1972) aphylla on vermi-

culite to study ultrastructure. He says that gametophytes, primarily~
. : ¢ .

i _those bearing an um were 11y pro more than a

year after spore germination but found it impossible to grow sporophytes
e (personal communication)., Dening (1928-29) followed protonemal develop-
ment in agar cultures and outlined the development of male and female

- gametophytes in some detail. .

one of the aims of this project was to determine the distgibution

of Buxbaumia aphylla in Newfoundland, concentrating mainly in the south-

sastern portions of. the island. . 8
Secondly, an’ attempt was made to study the, autecology of Buxbaumia

up't;gua by noting soil texture, pH, associated spécies, fire succession,

abundance and density of the plants, and drganic and mineral element

content of the soil. The sites where each of these -ap;c:s of thé aut~

acology and the 1ife history of B. aphylla were stuaied in Neéwfoundland

' are shown in Figure-l and listed in Table 1. . .

Thirdly, a 1 study was c for aphylla,

on the devel ana ion of the , since .

this is the only portion of the life cycle which can-readily be observed
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, 2 Table 1. Four sites where Buxbaumia aphylla was closely investigated
- . and"the factors studied at each site., (See Figure 1 for %
actual site locations). |

- 3 . ’ |

' ! 5 B Localities.and Site Number

< Bay Bulls Soldiers Pond Bauline New Harbour -
2 - : ay) . (29 (89) - (90)
Density . + . +
Fire Succession . - + + o +

Mineral Element Content L
;- pE Lo + + ! +
Soil Organic Content : &+
Associated Plant Species +
Annual Production of n . D

sporophytes . . -~
[ “ e = s T

Phenoldgy g ‘ + . . .
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in nature. Permanent plots were set out at selécted localities to

4 b N P
observe individual plants at djifferent times during the year and also -
W P E .

s
to study the annual production of sporophytes’ - .

In order to observe spore of
and possible production of gametophytes (stages not readily visible in
the field), attempts were made to culture Suxbaumia aphylla on natural

and aztiﬁ.ciul media. B .

Rt




_Chapter II. Distribution

1. Method of Study E .
In May and-June, 1972, an intensive search for Buxbaumia aphylla

N
was conducted in accessible parts of ‘the Avalon Peninsula and.at selected

‘other in d. Kalmia heaths were selected

to search for B. aphylla while driving through the region specified abovgl
During the course of the search 89 such sites in southeastern Newfoungfand
R 5

were 4 for the pres ana (refer to p. 23) of Buxbaumia '

aphylla. The length of time spent at egch site was largely determined by °
the degree of difficulty in first finding the species (usually not more than

1 hour). 4 - ’ °
v . 8

©2. Results

a. Field Observations : : 7
; . o/

. Buxbaunia aphylla was found at 75 of the 89 sites (84%) which

were visited in southeastern Newfoundland. B. aphylla was also found '

;t two localities (88 and 91) on the west coast of the island, outside

3 the area i i ing the total number of localities

where the ‘species vas present to 77. These locations are listed below.
At the 14 sites investigated vhere Buxbaunia aphylla was not
X found the species may have been present but not abundant enough to be -
detected in the time allotted. . i 4

b Di of aphylla in Newfoundland

The ‘distribution data cited below are mapped in Figure 2. -Unless
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Sspecified in the following list, all’ speciemns' were collected

and detegmined by J.A. Hancock. Voucher specimens are deposited in the

Bryophyte Herbarium, Memorial University of Newfoundland NFLD). .

Bonavista North District. Sides of. trail ledding through Kalmia-Abies

forest near a river. Growing on shallow humus. 50 km SE of Gander

along Trans-Canada Highway (Site-36), 17 May 19A2, scarce; Trail leading

through Kalmia heath, bordering mixed forest. Growing on humus.' 0.8 km

SE of Tpaytown (Site 35), 16 May 1972, moderately abundant.: .

Bonavista South District. Cladonia covered barren ared at top of ridge
x e t

over vertical shale strata in )Eoulder-strewn forest at mouth of Northwest

River near Port Blandford, S of Terra Nova National Park, 9 July 1966,

leg, D.H. Norris 3908.

Trinity North District. On ;oci( outcrop along shoreline of a lake.

.17 ¥m W of Trinity, Bonavista Peninsula (Site 37), 18 May 1972, mada_rately‘
abundant; In forest on top of a,large gravel mound. Growing on humus B
among Kalmia, 1.7 km W of Trinity, mmavisga Peninsula (site 38), 18 May

1972, scarce; Typical Kalmia-fichen heathland. Growing on humus. 1.7

_km S of North West Brook along Trans-Canada Highway (Site 39))-18 May,

1972, moderately abundant.

’ * ' . 4.) B
Fortune Bay District.. Heathland, on thin humus among small stones: 1.7
km SE of Garnish, Burin Peninsula (Site 84), 21 June 1972, moderately \

abundant; Hummock on Kalmia heathland. Growing on humus, ‘2 km N of




7 June 1972, scarce.

-13- i B 1

Grand Le Pierre (Site 86), 25 June 1972, scarce.
Buzin District. Sloping Kalmia-Cladonia lieathland bordering bog: -

H c 4
Groving on humus. Molliers turnoff, Burin Feninsula (Site 85), 2L .

June 1972, scarce.

N - . . , 2 - [ R i
Placentia East District. Ajdng river bamk. Growing amond Kalmia and

E ¢ )
, grass, on humus. Long Harbour turnoff along Argentia access %oad (Site

77), 7 June 1972, moderatély abundant; Meadow covered with Vaccinium

angustifolium Ait. 0.8 km S of Ship Cove, ‘Placentia Bay (Site 79),'7
e SN o fy
June 1972, scarce; Opening -in mixed forest. Growing on humus amornt/”

Kalmia. 0.8 km W of Southeast Placentia (Site 81); 8 June 1972, modet= .,
ately abundant; Open Kalmia-lichen heathland. 20 km W of Placentia,
uang Saln\oniet Line (site 82), 8 June ‘1972, very a.blmdant; Meadow vmr

clunps of Kalmia. Growing on humus.' Cuslett, Placentia Bay -(Site 78),

St. Mary's District. Footpath leading through Kalmiu-mixed fozeut. '

Growing on humus along side.of path. Peter's River, Holyrood Bay (site’

+62), 31 May 1972, moderately abundant; Sloping-heathland bordering- bog.

Growing on humus. ‘5 km NE of Riverhead, St. Maryls Bay (S:.te SI), 3

“May 1072, scarce; Roadside, on edge of forest. Growing. on clay among

Pol‘yttlchum and Ganltheria. 5 km NE of St. béthenne s, Salmoniax- Line

(site 65) Jr1 June 1972, scarce; . Meadow “lth"clunps of Vacolnium -

_Angustlfallum 'ana Empetrim n1gmn L. Branch, Placentia Bay (Site 80),

: 7 June 1972, scarce;’ Footpath in aleping heathland. leading. to sog




Growing on humus. 0.5 km W Of North Harbour turnoff along Salmonier

Line. (Site 83); 8 June 1972, scarce.

& =
~ Ferryland,District. Small hi d mound in m,.-, foredt. Growing'
¢ « on shallow humus among Kalmia mgusnfaua L. -nd vaccinxun vitis-idaea L.

. Near Middle Pond, 3 km NE of Bay Bulls (site 10), 9 Yoy 1972, moderat

shundant; Kalnia-Vagéintim-Alaus hesthlund ness dunp Growing 1n thin.- -

i hunus. 1 km N of Bay Bulls, near Long Pond (sike 12), 9 Hay 1972, very
abindant; Growing in humss and sandy soil anong Kalnia and Abies, near

. roadside. Eay Bulls (site 12), 5 May 1972, scarce; Recently burned

heathland. Growing in shallow himus covering rock, 2 km W of Bay Bulls
(site 43), 20 vay 1972, searce) Growing in humus on open Xafiia hesth~
land. 2 Km N of Witless Bay (site 15), 9 May 1972, moderately abundant; &
G g ‘in meadow'scattersd viih Kalmfs. 1.5 Jui NE,of Mobile (Sfte 14),

9 kay 1972, scarce; Xalmia heathland clearing in mixed forest. Growing

ax;‘h\m\u. 3 kn N of Tors Cove (Site 16), 9 May 1972, scarce; Growing -
.m clay at top of embankment u_;nng -qxul.\ Near Power House at head of |
Tors Cove Pond (sxu')a), 9 May 1972, scarce; Abandoned road. Growing

Y on humus among scattersd Vaccinium and' Kalnia: :.m-neh. River (site(19),
9 H;i 1972, scarce; Disturbed site, Gm\dnq on hunu mnq dgnu gzmrth
of Kalmia: 0,5 km N of Lamanche’ turnoff. (site ), 5 vay, 1972, pcuc-y

"Footpath leading through blanket bog. Growing on "humus in path'and uong

edges. 1.5km N of‘Brigus South turnots (Site 21), 9 may 1072, scarce;’

Typical ‘Kl.lmtn-lic} hanth. G:owinq on m-u. among Cladonia spp. 2
3 hn W of m;usarta, uthnrn Shore (éxn 57), -31 May. 1971, mdanuy

i Ab\mda.n 'l‘ypical m\,u-ucm haithllnd cmmq mostly ‘on hu—m:k.
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. _ in exposed humus. cappah-gdan, Southern Shore (Site 58), 31 May 1972,
moderately a.b\mdann Typical Kalmia hedthland boxdennq small Abies
* ‘forest. 20 5m SW of Cappahayden, Southern™ shore (site 59),:31 May 1972,

very abundant; Opcn Kalmia heat‘uana near dump. Gm-dng on uposed .

= 7
humus. 2%k E of Trepassey “(site 60), 31 May 1972, scarce; Kalmia-

p " Cladonia heath, sloping into bog. 15 km W of Bay Bull§ (site 87), August
. 1971, moderately abundants - <t 5

‘John's North District. Footpath leading into Abies forest. .Growing
St. John's North District. 1
. . on shallow humus arong large exposed rocks. Plants surrounded by grass, ' o

‘Vlmit‘l.lmn, and Kalmia. 2 km NW of i’auch Coves (site 3), 8 May ‘1972, .

moderately ab’undmn Growing on shauow h\nml on’ typical xalma-ucnen . .

huuu'a'nd 6.5 kn W of Torbay, alenq nauune Line (site 89), 6 July -

e T 197I,vekya.bnndant. : . e et L .

St. John's East Extern District. Grass meadow merging into Kalmia-Abies
forest. Growing on hwnl along edgerof drainage ditch. Shoe Cove

" (site 4), & May 1912, scarce; - Abandoned road leading through Kalmia-
- \

Abies ‘Forest. va-d.nq on, axapuu; humus along roadside. 2 km NW of

Flat Rock turnoff, Torbay Road (site 6), 8 May 1972, scarcky
3 A B 5 . R B

\Harbour .Main District.’ Heathland covered with soptpered: Xalmia, Juniperus,
‘Harbour Main District.

‘and Abies. Growing o hums amdpg ‘exposed houlderu. 3 km SW of Donovan's
. . overpads, st. Jomn's (site 22), 15 nay 1972, very abundant; Growing,
: ¥ on| humus mixed ‘with sandy type soil” amnq “(and covering) shale. 1 ti .

LA of Paddy's Pond along 'tranl—(“lnada B.{.qhvl’ (Sita 24), s lhy 1972,

' > . .
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scarce; Typical open Kalmia-Vaccinium heathland. _ Growing on humus
and sandy soil. Solaiers Pond, Trans-Cinada Highway (site 25), 15 May
. 1972, Very-abundant;  Typical Kalmia heath. Growing on. humus.". 3.5 Kkm
| NE of Witless say tuxnofi‘a‘lonq trans-Canada Highvay (site 25), 15 May
1972, u;oderiacely' abundant; Grow:mg in thick humus on open Kalmia heath. -
1.5 km W Of Holyrood access road along Tran-s-canada Highvay (Site 27);
moderately ahundant; Sloping Kalmia heath Loating into bog. Growing’
on humis. Junction of Satmonier Line and‘Trans-Canada ighvay (site 28) ,.
15 May 1972, very shnasits Cronlng oa humus and clay among dense Kalmia
on slope. 7.5 km NW of Salmonier Lina. along ‘Trans-Canada Highvay" (Site
" 29), 15 May 1972, scarce; Growing on thick hums on typical heathland
0.5 kn & of intersection of Roche s"Line and Trais-Canada Highvay (site"

30), 15 May 1972, scarce; Small hil2 on: open Kalmia heathland. 1 km

E of intersection of Hodgewater Line and Trans-Canada Highway (Site 31)
15 May 19727 scaz;:e; c1e’a}1n§ in mixed forest. Growing a‘mong.’ Kalmia ,
- on shallow hums. Holyrood, Conception Bay (Site 69), 1 June 1972, .
scatce; Footpath leading through Kalmia heath. Growiag in humis alorg
sides. 25 km NE of St. caehar‘ms's,'séxmnxex Ling (site'66), 1 June__

1972, moderately abundanf

Port De Grave District. 'On heathland qn;cnq et qrowth"af'fl&a’lmia‘ and
. Cladonia spp. 5 km W of Hodgewater Line along Trans Canada Highway -
(site'32), 15 May 1972, moderately abundant; Meadow with scattered,
'Ka.lmia._ Growing on thin k;\mus. Harysvale, Conceétien Bay . (Site 68), -

1 June 1972. very abundant; Open Kalmia heathland. Growing on Tuimts.

"' South River, Conception Bay-(Site 67), 1 June 1972, ‘moderately abunda.nt;
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Exposed boulder-strewn heathland. Growing on humus. 15 km E of New -
Harbour, Trinity Bay (Site 90), 16 June 1972, very abundant.
. - : ‘
- ! .
Harbour Grace District. Meadbw type with

and Kilmia. 2 km N of Spaniards Bay (Site 45), 29 May 1972, ndderately ~ -
- abundant. N L C '
* carbonear District, Meadow with scattered c;umps of heath. Growing-
¢« of looss himus. Carbonear (site 46), 29 May 1972, scarce; Burned
heathland. ézw{pg on humus. 1 km'W of Salimop Cove,; Conception- Bay
¢ (site 47), 29 May 1972, very abundant. " -’ :

Bay De Verde District. Meadow with scattered Kalmia.  Growing on humus.

Adem's Cove, Conception Bay (Site 48), 29 May 1972, scarce; Typical

\Kalmia heathland near dump. Growing on very shallow humus: Jobs Cove,

Conception Bay (ite 50), 29 May 1972, very abundant;. Weath covering
top of cliff. Growing on very shallow humus. 2 km N of,Lower Island
! o, e

Cove, Conception Bay (Site 51), 29 May 1972, scarce; Open Kalnia heath-

land. Growing on shallow humus. 01d Perlican, Trinity Bay (Sitet 52),

29 May 1972, a Kalina~C1 heath-
land bordering bog.. Turnoff to Grate's Cove along Bay De.Verde road;
“ Conception Bay (Site 53), 29 May 1972, ,sr;a::e‘; Heathland. Growing. '
among gpass. 4.5 kn N of Grate's Cove (ite 56), ‘219 May 1972, e
o Footpath. leading through heathland. Growing on’humus among small stones. .

Lead Cove, Trinity Bay (Site 70), 6 June 1972, scarce.
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\ H
Trinity South Diarxict.\ Sloping heathland covered with Kalmia, Alnus,

and Picea. New Chelsea, Trinity Bay (Site 71), 6 Juné 1972, moderately,

bunidant; Open Kalmia heathland. Growing on humus among scattéred

exposed rocks. New Perlican, Trinity Bay (Site 72), 6 June 1972, moder-

ately abundant; Growing among Dicranum spurium Hedw. on Kalmia-lichen heath-

. land. Hopeall, Trinity Bay (Site 75), 6 June 1972, 'scarce; On humus in
footpath leading through Kalmia-Abies forest. 7.5 km E of Whitbourne
. ]
alohg Trans-Canada Highway (Site 33), 15 May 1972, scarce; Growing on

humus on Kalmia heathland bordering spruce bog. Junction of Argentia

" access road and Trans-Canada Highway (Site 34), 7 June 1972, very abund-

ant; Kalmis' heathland bordering bog. Growing on humus. ™1 kn § of|
Whitbourne along Argentia access road (site 76), 7 June 1972, scarce;
Typical Kalmia-lichen heathland.. Growing on humus. Chapel Arm turnofs
along Trans-Canada Highway (Site 42), 18 May 1972, moderately abundant;
Typical-Xalmia heathland. Growing among Polytrichum commune.Hedw. Bellevue
Beach “turnoff along Txmn-émada Hig);way (site 41), 18 May 1972, moder-
ately abundant; Typical Kalmia heathland. Growing in hollow on ‘humis.
0.5 km NW of Arnold's Cove turnoff along Ttans-can;:d‘n Highway (site 40),
18 May 1972, scarce; Kalmia heathland, on humus. 1 km W of Heart's
besire, Trinity Bay (site 73), 6 Jupe.1572, scarce; Kalmia-lichen
heathland. Growing on humus. Cavendish, Trinity Bay (Site 74), 6 Jme
177, scarce. . N ’

* st. George's District. Heathland, on thin humus among Vaccinium
angustifolium. 8 lm NE of Coal Brook along Trans-Canada Highway (Site

88), 20 July 1972, scarce. ¥ g
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St. Barbe South District. Growing on'wet humus in seepage area. Gros

e e
Morne, Bonne Bay, altitude 800 m (Site 91), 22 May 1973, scarce, leg.

. G.R. Brassard .7437.

L3 Discuss‘im:l s T v
ke nueval moss, . Wiloh 1n WOrdh Muersda has a wide but very
local distribution (Grout, 1938), is very widespread in heathlands of
southeastern Nevfoundland. Figure 3 shows the distribution of heath-
lands on the Avalon Peninsula of Newfoundland. A comparison of Figures
2 and 3 shows that Duxbaumia aphylla grows in all areas of southeastern
Newfoundland where heathlands are found. B. aphylla was found growing
" in a variety of habitats, but the majority 'of these were heathlands.
Once the characteristic habitat was known the sampling was carried out
subjectively, since mainly heathlands were: searched for the species.

There seemed to be no relationship between the of

- /Buxbaumia aphylla and the location of the individual sites. However,
: 2o

it is more ai in the parts of the Avalon

Peninsula where large quantities of 1 lHedw.) Brid.
cov;: the vheathlandu and humu_s_iv! scarce. In western Newfoundland
“B. aphyin has a more limited distribution. The bryophyte flora of
i twent:y—orm sites ‘was. studied in western Newioundland in the area extend—
inq from Port-aux-Basques to Parson's Pond. Buxbaumia aphylla was found
at only two of these and in both localities 1 wals growing, on hmus.

The species’has been collected mainly in the lowlands (<50 m)’

but rdnges to 800 m iltmm (on Gros Morne) . : . ® 5

v | - . = p
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aphylla in land is similar

The dist ion of
to the aSeuxb;xc;on of B. aphylla in Finland, as reportad by Oittinen
(1967)? There also it grows on heathlands and was found to x?; lu:illly
’u}:ﬁguiteus in the southern reglons. In northern Finland, Burbaumia
aphylla is rarer than in the soither parts. This is probably tiue
for Newfoundland also since the abundance of typical heathlands on the

Northern Peninsula is much lower than in southeastern Newfoundland.
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Chapter IIT.. Ecology

1.- Method of Study . “ s -

While 1, sites where Buxbaumia aphylla was

found were examined in detail. In addition, other ecological factors

were studied at several sites where B. aphylla was very abundant :

(Table 1). s ’ }
The abundance .0f Buxbaumia aphylla at each of the 77 positive

" sites was arbitrarily designated as scarce (1-10 sporophytes), moder-

ately (11-100 , or very 100 .

The was by the area in the

immediate vicinity of the first find (approximately 15 m radius) and
counting all plants observed. . o

‘Two localities (11 and 25) where Buxbaumia aphylla was very
abundant were chosen to study density of this plant. At Bay Bulls (11)
five plots vére set out having a fixed width and the length determined
by the istance in which approximately 50 plants could be collected
(Figure 4).° At Soldiers Pond (25) the plants were extremely abundant 2
ana the former type of sampling was not necessary. Five 1 > plots
(Bigure 5) were set out randomly and all the pimca vithin them were = -,
harvested. These collections were made.on 24 Hay, 1972 (Bay Bulls).and

25 May, 1972 (Soldiers Pond) when the pll.ntu we:a almost fully develﬂ?cd

and easiest to find. ® /
p o -

Plant collections made during the density study were used for
analysis of mineral element content of the plants. The basal portion % s,

(foot and vaginula) of each plant was cut away (Figure 6) as the plants




o . Figure 4. Plots used to study density of Buxbaumia aphylla at
: ay Bulls {11). The two stakes' in the foreground are
m apart. 24 May, 1972 - )

Figure 5. Plots used to study density of Busbaumia aphylla at
. Soldiers Pond (25).. Each of the plots in the pho
is 1mX 1 m. 25 May, 1972 K i . U







; capsule

in' Mineral Element z\nalyuh,

S cut vas mde here.
].—Dhcu:dad

-Foot + Vaginula:

¢
; : Figure 6. Sketch of Burbaumia aphij11a showing the portion of each
x spe rophyte cut away before mineral element -nulysn.
ok .
- - .
\
X )
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were collected in the field. Later, in ?he laboratory, these plants
o

were examined using a di i and all

grains of

Soil were removed using a fine brush. These steps were taken to prevent

contamination since the mineral S are each as ap
age or as parts per million (ppm) of the ash content of the plants.
"After’ all the plants within a plot were collected a soll sample was
- taken. Later, the five soil samples and the £ive plant samples collected
at each site vere sent for analysis to the Geochemical Census Branch, :
U.S. Geological Survey .(Denver, Colorado). ’ ;
Analy?gis for organit content of. the substrate was made on soil
from sites 89 and 90. Ten ;Emplﬁs. each taken to a depth of 5 to ﬁ"cm,
were anehyzed from each si:e. The bercent-cazben md the percent otganic 8
matter were determined in the Lahoxatu:y by chemical analysis using the o 8
. ‘oxidizable Matter by Chronic A’gid with H,S0, Heat of Dilution' method !
known as the Walkley-Black method (Jackson, 19551.‘ Hovever, minor alter-
‘ations were necessary since the sdil vas nostly humus ‘vith & high organic

content. 15 ml of K Cr,0; were used in Plae of 10.ul to assule’ complete

oxiddtion of the organic matter. These altérationd were also made in the
3 € L = °
reagent blank and thus these changes were accounted for in.the calculations.

: s -
The pH Of the habitat was recorded at Bauline (89),, Bay’Bulls (11),

. and Soldiers Pond (25). Twelve readings were taken at each site using a'
Beckman pH meter. Each malysx§ was made directly in the field'using . -
randonly-chosen portions of soil takén to-a depth of5 to 6 cm. The soil

samples were mixed with distllled water i 200-m1 bea.kex‘! resulting. i.n

a paste mixturé and :eco:ded immediately. B 5 oy ‘

] In its habitats, whith are mainly heathlands,
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species 1y occur in association with aphylla. Two
sites were chosen to investigate theése species in an attempt to deter- .

mine the degree of association. The sites chosen vete Soldiers Pond .

(25) and Bauline (89). 'A grid, 15 cm X 15 cm, initially designed for

observations on permanent plots, was used (Figure 7). At each site *

the grid vas thrown randonly 10 pimes and each time all the different>
species either partially or wholly encompassed within the' grid were
recorded.

The results of both sités were combined to assign each

species with a frequency index.

Total Number of Occurrences

F Index = g o
. Total Number of Quadrats Sampled

3 N

¥o long-term :ecardz‘ of fires in sSoutheastern Newfoundland exist. .
However, 'infomcion dealing with recent fires at several Busbaunia ,

sites was supplierl by Mr. J. wappun, Newfoundland and Labrador Forest

. services, st. John's, vho recalled the fires from memory. T
. ¥ z - "
Results Sl % T
a. Field Observations R T
1n Newfoundland ‘Buxliawnia aphylla most aﬂ:’elv: qn:n:é in dry,.ope
falmia Hesthlands, vhich' are very-wids in sout 3 1‘1 and,

Figure 8 shows a typical heathland.where B:. aphylla muu and Figute 9
shows the plants growing oh-this heathland. ' However; it has “Soen

3 couected in a vaxiety of other
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Figure 7. Grid used for observations on Buxbaumia aphylla plots.

Description:
The grid shown in Figure 7 was constructed using an aluminium
strip (3.4 cm wide) which was bent to form a square with inside measure-
ments 15 cm X 15 cm. The free ends overlapped and were fastened using
2 sheet metal screws. Four holes (1/16 inch diameter) were drilled in
each side at intervals of 3 cm. The grid was then strung in tennis

racket fashion using nylon twine, resulting in twenty-five 9 cm” sections.



\ . ¥ ) -
g ’ .
* . Figure 8. Typical habitat for aphylla in Y - )
L . Newfoundland, an open Kalmia heakhland at’ Bauline (89).. CLE
B ; Photo by Dr. G:R. Brasaazd. . oy
i ¢ N - e i . e
% . . N
v . " . o © ok X
@ OO | % . b
o ¢ s <
’ 1 - °
e i Close-up of ground cover shown in Figure 8. Note tws . °
sporophytes of Buxbaumia aphylla 2.5 cm below and o the
N 1e§t oflens cap (5 .cm in diameter). Photo by Dr. G.R. Brassaxd
"¢ , S g Py
) i g i
& 2l . Y ¢ . :
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‘roads, forests, and at one site, on a rock outcrep along the edge of
a lake (Figures 10 and 11). ) .

At approximately BO% Of the sites Buxbaumia.aphylla was growing
on shallow humis (<5 cm deepf. However, in other ha;itats it grows .
directly on clay, on smdy so;l. and on gravel.

Oittinen (1967) :apo:tea that in Finland Buxbaumia aphylla is a
weak competitor and grows in trampled places and on soil laid bare by
rain, as well.as dry heath forests where it is common. He also said
that the habitats of this Epeciss are always more or less exposed to the

sun. /In Newfoundland Buxbaumia aphylla is as common in the footpaths

leading through a heathland as in the heathland itself. -Along these '

~paths humus is , insolation is and ti is at

a minimum, conditions .which agree with Oittinen's findings. Its. occurrence

in seems w ‘indi a relati to human y. This
is supportéd by the fact that at severdl sites Buxbaumia aphylla vas

growing very close to disposal dumps. However, the effects of manis

. influence are not distinct.
. Some workers have noted capsule orientation of Buxbaumia aphylla.

Huntington (1901) and Cresson (1904) stated that the capsules point to

the south. Taylor (1972) analyzed 292 plants and reported that the direct--

ion of the capsules was primarily south to southwest but plants were also

observed to point in all other directions. Durand (1901) was unable to

establish any ity in' the ion of the /1 on level ground.

smith (1963) saiz;i that the capsules showed fio orientation with respect to~
slope. During my ﬂel’ell observations no cbvious capsule orientation was

observed. However, -when growing on a slope the capsules usually point
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»
. N
- . ‘Pigure 10. Unusual habitat for Buxbaumia aphylla.  Shogbline of a 3
! lake located 17 km W of Trinity, Bonavista Peninsula (37). . S
i 18 May, 1972. " Photo b_y Dr. G.R. Brassard. W
: , E us
- .
* Figure 11, ' Close-up of area shown in’Figure 10 whére Buxbaumia aphylla- .
5 ig u

was found (arrow indicates actual spot). . The rock cutcrop
in. this photo is approximately 10 m‘from edge of water.
R 18 Mny, 1972. Phcto by Dr. G.R. Brassax:d. N
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upwards towards the est inci of light, as ed by Taylor

(2972). .

b. Abundance and Density

Of the 77 sites where Buxbaumia -aphylla was found it was very

at 13 sites, at 24 sites, and scarce at
40 sites. . .
At Bay Bulls (11) and Soldiers Pond (25) Buxbaumia aphylla was
very abuhdant. but the density of sporophytes vas very ifferent at the
tio sites, as seen in Tables 2 and 3. AL Béy Bulls the density was less
than 1 plant- /m while at So!.die:s Pond the density was 208 plants /mz‘. -
‘The sporophytes of B. aphylla most often grow singly but they may also
g;ow in‘denne clumps. At Site 28 (junction of the S;Jmniet Line and the
 Trans-Canada Highway) where Buxbaumia aphylla was very abundant, 13 plants
were' found growing within 5 ca? (Figure 12).
vc. _PH
The habitat pH readings taken at Bauline (89),-Soldiers Pofd (25),
and Bay Bulls (11) are recorded in Table 4. One sees‘that Buxbaumia
aphylla grows in-acid conditions, with pi z‘nqlng f£om 4.3 to 5.3 with

a mean of 5.1.

d. Organic Content of Soil

. The percent carbon and percent organic matter for the ‘soil samples

_from. Bauline’ (89) m'\d New- Harbour (96) ‘analyzed by the 'Walkely

method are listed in Table 5, o Y
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Table 2. Results of density study at Bay Bulls (11) showing dimensions
E of plots and number of sporophytes collected in each.
. i . -

| Plot Plot Plot Total Number Sporophytes
Nunber Dimensionls - Area of Sporophytes per m? " '
' ! , 2 ’ ’
1 7mx10m 70 m 19 0.7
\ : . N .
2 Imx10m 30 m? 55 i -
3 5mX.20m 100 n? 50 0.5
4 Inmxldm 20 ¢ 53 o Ealdl,
5 tmx13m s2n® 52 1.0

Total d . 294 n? 259

. . " ,
Table 3. Results of density study at Soldiers Pond (25) showing dimensions
of plots and number of sporophytes collected in each.

W 1 Plot Plot Plot ' Total Number Sporophytes
. Number ©  Dimensions ' Area of Sporophytes per m?
. 2 .
lmXIm 1n 168 168
2 lmXlm 1n? 194 194"
3 imxlm = 1 n? /163 ..163
" 4 lmxim 10 47 y 447 :
5. lmxlm an? .67 ‘67 ‘

_?M:nl . . 5w - " 1039
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Figure 12. Thirteen sporophytes found growing in a clump at Site 28
(junction of Salmonier Line and Trans—cinada Highway) .
sporophytes are growing in an area 5 ecm°. 15 May, 1972.
Photo by J. Hancock.
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Table 4. pH readings from three sites where Buxbaumia aphylla was
very abundant. . :

‘ ) sample Bauline . Soldiers Pond ay Bulls
i Number * (12 sept, 1972) (12 Sept, 1972) 19/ sept, 1972)
; y/——
‘ : 1 49 4.7~ 4.3
R 2%, a9 b 5.2 s
. k2
3 . 5.0 ¢ 5 5.4 ) 5.0
' . 4 5.2 5.0 oA
5 5.1 5.3 © 4 } g
6 5.3\ 5.1 5.1
7 ; 5.0 g 5.1 4.9 .
8 ? 5.4 - 5.2 4.
9 L 5.0 s , 5.1 N ¢
10 - 5.2 4.9 5.0 -
u 5.4 5.1 5.1
2% 5.5 }f © 5.0, . 49
: . C A
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L o s
Table 5. Petcenf carbon and percent organic matter of ten soil samples
. X from e}ch of New Harbour (90) and Bauline (89). .

: -
— New Harbour - . Bauline
,Number e % B % .'
B Carbon Organic Mﬂtt:!‘ * . Carbon quanlc_Matter / :
i wios 70.34 v ar.08 - 63.73
i 2 lm.es | 61.71 R0 0.57
3 © 45.63 - 78.48 Y 18.3 ¢ f1.53
a “ .. 28.86 . peles . 41.73 .77 - B
5 46.02 7905 L. 35,88 CoeLm .
: 6 ' ; 25.74 . 44.27 i 24.9 ;2-93 . F .
2 7 " a0 73.79 196 F 30,8
s . sea 79.83 ¢ 17.94 . 086
9 | w22 as L amas 57.02° .
w0 54.21 $93.24, 3 34.71 5970
Mean' - 40.87, 70.29 - 2855 waga0 ot
’ N b
. , ) :
. + G
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The' organic mattér content is much higher at New Harbour ‘than at
Baulipe. This is explained by describing the areas a'an\ple'a: The New .
Harbour site was a heathland vith a very uniform, thick humus layer. -At
Bauline the area sampled was along an o1’ abandoned road which bordered
a heathland. Hexe the humus was scattered in patches.and also less deep.
At Bauline more mineral soil was included with the samples, all of vhich
vere taken to & depth of 5 ca, and thus the organic content was lower.

e. Mineral Element Content

The mineral element content of the plant|samples and underlying
. substrate from Soldiers Pond area and Bay Bulls was determined for 51

elements. All samples vere analyzed (by Geochemfcal Censug Branch,

Denver, C ) by entssion for aluniniun,antinony,
arsenic, barium, beryllium, bismuth, boron, cadmium, calcium, cerium,
- o,

chromium, cobalt, copper, europium, gallium, germanium, gold,’hatnium,

indium, iron, lanthanum, lead, lithium, magnesium, manganese) molybdenum,

nickel, niobi palladium, latinum, rhenium,
7 scandium, silicon, silver, ancuum, strontim,. tantalu), tellcim, thallium,

thorium, tin, . fum 1 y : yttrium,

zinc, and zirconium. Soil samples from Bay Bulls were also analyzed for

w i, and riim by the same
" “Ihe ‘spectrographic.method is not accurate for cextdin elements .
. given above although values have been assigned: These elements are zinc,’
" phosphorus, and caleiun. - Soil sanples from mch areas vere analyzed for
these elements by atomxc nbﬂatptian mathod:. Hcmsvat, the ylants nmp]ad

vere insufficient for these analyses,
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. The results of these analyses may be found in Appendix 1. ‘The

5 plant’ samplés weré oven d:}e_d and ashed (in Denver) before analysis ¥
and the percent ash for éach sample is given in Tables & and 7 These

values range from 2.8 percent to 4.0 percent , an almost complet

lack of contamination'of the plant material since most bryophytes ash to

*3-6 percent of their dry weight (Shacklette, peribnal colm\'unx.cation)

\ At Soldiers Pond a.nd Bay Bulls Buxbaumia aphylla was very abundant 5

but showed a harked difference in the density. »Hnwever, no significant -

difference in mineral element content of soils of the two areas is evident. .

£. Associated Plant Spécies

‘Table & shows the plant species wi:\i:h vers associated itk suxbaunia
.aphylla at Soldiers Pond (25) apa ¥ Bauune (89), their occnrzences in 10 .
quadrats taken at each site; and the/tetal fzequency index calculated for !
" each spaci.ea trom the 20 qiadrats campled. The cumilative total of the
nunber of assﬂciated species has been plotted against the 10 quadrats
4 sampled at each area (Figure 13). Cephaloziella sp., a Leaty l’iverwor;.,
"’ is often associated ‘with 5. aphylla but no 'figures are available concerning.

i its frequency since its small s*ta mﬂdetfield identification 'impossible.

-g.. Fire Succession

M Information concerning ‘fires on the Avalon Penirsula indicates that
at least four of the 13 sites'Where B. aphylla was very abundaht were birned

recently, Soldiers Pond,.Bau}ine, New Harbour, dnd.Bay Bulls’were burned -

in 1957,. 1958, 1961, and 1962 respectively (Tapplin,’ personal’communication).




Table 6.

Parcent ash for five Buxbsusia aphylla samples eron

Soldiers Pond (25).

sample Weight
“ " gm

. Weight of Ash _
. am :

Percent Ash

01207,

0130
lupa4

L0212

.0032

Pexcent n); for. ﬂv- ‘Buxbaumia aphylla samples :zu-

By Bulls (11).

sample weight .
o

Weight of Ash
am

0022
.0022
_.0032

0036,

.0032 .

Te3.

3.4
3.6 |
3.1




Beyophytes (oomenclature from Srvms Prore e dnderen, 119, . .

Table 8. ! Plant
‘ and -.m.. Y

& ctrrences 1a 10 quidrats
: . Sodiers Fond Bauline

" Vscuer plants (aominclacors fron Glosion and Crongutss, 1969). .
Catamgrostie pmlarﬂvvit"cnyu i 3 3

Deschapeia ﬂumﬂ (1) Tet,

£
i
{
g

" Potintilla tridemtata Solasd. :
Vaoetntin evgatifellon e, ©
Pps——

V. victe-tddat,

L R :
> ovsoema Turn.; . )
. spurioe . . & : Y
b, nbitatin . 2
 Rlawdoriio schreberd (beide) Kace. - x, 1
Pohiia mutana (Redi.) Lindb - - STl s
o Polytrichm oo Hedv. . ! R 1
P. piléfarsn becy. Caey
Prasonttrien tangtronen m-a..) beids L0
Lichens (somesclptyre rom Pollete and Handes, 1970). - :
st tetondtos Y 2 R AT
Cladonla atpestria (5.) dabuah. 1. st
C._aootfara (i) W14, L [% St
¢. picldata () Botta, 4 1 ' s
C. rangiserina vigs. .o 6 g
C. verticellata (iotte.) Schasr. o ¥ 3
. Comiularta doulaciea icheeb.) Aeh. . .




£ - .
i < . L. . =40~ : -
e © 3 L e, .
. . t :
: R . ’
Hm .
¥ % .
3 3 . : ' v
. Figure 13. The cumilative number of associated spacied plotted against: :
Cal the number of q1|adx‘nti !ampled at Soldiex! Pond (25 ‘and s .

j Baline (89). o N
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~ 3. Discussion

; i - . '
* The typical habitat for puxbaumia aphylla has been dlescribed but
the factors controlling its occurrence are still mbt understood. If

' aphylla f£ires in land, it does so in a shorter’

R T. time ,than'in Sweden where it follows at 17-year intervals: (Uggla, -1958).
In at least four Newfoundland localities the species is present 11 to 16 . * 4
‘years after burning.

Three qenerations Of the moss were studied at Bauline and it was

noted that the mumber of sporophytes’ for each g i wmch
Lo supports the theory that Buxbaunia aphylla is a weak competitor (Oittinen, .
- 77U7."i267): During this time the ground coverage by higher plants showed a

3

cady increase.

1
\» In its habitats Suxbaunia aphjlla shous a close association with

the heathland plants Ca i i, e flexuosa,

Kalmia angustifolia, Vacciniun angustifolium, V. vitis-idaea, Cladonia
rangiferina, and Cornicularia aculeatea, as well as Cephaloziélla sp. Ao
i ) The data, preserited support the fact that Buxbaumia aphylla 'xequx/zes
acid soil which 18 high in urfganic‘ content. .’
The mineral element content analysis, for Buxbaunia apbylla is the.
first study of this sort dealinq wn-_h 7t

yophy .

' (1965) ‘analyzed mineral element content for 33 bryophytes but used only

. or mixed S and

. Almost all

found in gametophytes (Shacklagte, 1965) were also found i.n the sporophyte

of 5. aphylla (present stidy) except for somé elements which were not - -

detected, pmb.mly due m the small size of the plant sanples.




An mgezescing' element found in the Buxbaumia sporophytes is’
silver, which was below the dgceécion linit in the substrate. Shacklette
" (1965) noticed distinctive patterns of element absorption by atfferent
bryophytes, but his sampling was not extensive enough. to definitely
substantiate or refute these indications. Within these'limitations it
is interesting to note ,tha.g Shacklette found silver 'in only Polytrichum
and Atrichum; both, belonging to the Polytrichaceae, an advanced family

put close to the in recent phyl i of

mosses (Crum, Steere and Andetson, 1973; Nyholm, 1969). Although
vagie, one could consider this evldence to support the theory that.
Buxbaumia aphylla is'an advanced and not a primitive moss. *

. Concentration of elements in the plant material also occurs for

boron, calbium, copper, lead, ’ nickel;
';otassium, strontium, and zinc.. ° | ) .,
) The high levels of lead in the plant.and soil sanplés are’probably
_due to the contamination effect of autombile emissions since both

sampling sites were within 30 m of highways. ¥

i . ’ )
. Galligm, varadium, and zirconium vere: present in the soil samples .-
. but not deteé‘ted in the plant material, while barium, chromium, and iron

were y equal in in the soil and the plant
i A,
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- but highér; levels were found in the soil than in the plant material.

- i .
. 3
! 5 :J - i
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Chapter IV. Life History

1.. Method of Study
After n.or_t.ng,m abumdance of Buxbaumia aphylla at Bauline, ten
permanent §1§u'(mquxe 14) were set out on 24 June, 1971 to_study' the
nfe histnty throughout the year. Two additional plots were set out m\'
23 Septmer, 1971 after finding imature plants of the next ‘generation,
and another two plots were set out on on14 October, 1971. Ten study plots-
were also set éu: at. New Harbour on 22 July, 1971, but the maj‘cz‘ity of
these vere destroyed or torn from the ground by hany-px::kgn during
" August and September. However, the few that remained were sufficient
Sto. setve un e chack sgalodt the xesuits cbtilued wt Beglie:
The study plots may 15 cm X 15 cm and were marked by fou
woodén stakes, one at each er. On each stake the plot number and
the corner location (A, B, C, or D) were written with Magic Markers ‘to

assure unifc for future (Figure 15)s - C -

An observation grid (Pigure 7) was designed for use in recording” .

changes within the plots. This grid vas subdivided into twenty-five

Qulzuct'

and :a:' placed directly over the plotsduring ohémzxona
to aid ifi locating individual plants. - '

The main purposes of these plots were to serve as future reférence
boints to observe Buxbaumia development and also to follow the. mm;-:.

‘prodyction ‘of sporophytes in these areas. The plots were Visited and the ]

changes in each were xcectdad at various times during cﬂa year. Lol
Wien the plots were first set out the 1970-71 generation of

Buxbaumiz aphylla was mature, so only information concerning the number

* Manufactured by Cmgx'\ Ink Company of Canada Ltd.
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_xeached_ their maximum davalvpuut. Eath sample was analyzed in the lab- - °

-4~

of sporophytes which matured was available. For the 1971-72 genefation
production, mortality, and maturation of sporophytes were recorded, 5
aadition to cbserving the phenologital changes“in the development Of the
sporophytes. Production, mortality, and maturation-of sporophytes were
again recorded for-the 1972-73 generation and the stage of Gevelopment .
vas recorded for each of the plants in the plots during each visit since

the developmental utaqen had been defined ﬂuzinq the -previous qeneration.

From the records of 1ndsvxdua1 plots it was possible to determine at

different dites th total nunber of potential sporophytes in’eich genarsi
ation™ tE

To study the rate at : ich duxhaznia aphylla develops from the .
immature to the mature state f!eq'llent collections were ude at Bauline
during the 1972-73 genexation. ©Th{plasts collected were located cutside
the permanent plots. These collections were started on 19 'September, \
1972 when the young sporophytes of that generation were first located
and were continued weekly until development slowed down at which time
monthly collections were sufficient.
; *The nunbers of aporophytu in the first three collections were
rather small since the plants were aifficult to find and only a saall
pezcentags/ ‘of the plants had begui ‘to develop. suhng-u.}nc collections
were larger, :n.nging £rom 73 to 135 sporophytes.. Collections vere inter- -
rupted £rom 17 November, 1972 unéil 30 Kpril, 1973, the period in which

frost in the qmund or frequent sncwfaua made collecting mpossxbh. The

" ‘collections vere completed on 15 June, 1973 when all tha pl.antn hld .

oratory within.oneiday of.collection and the number. of plants in eich of



4
7

e s % / X
the tobal number of plants collected. For collections made immédiately

1 stages was and as a of 5 @

> the

after a.sudden frost the number of dead sporophytes was also Yecorded.
Since nale and female gametophytes- were not found in fature,
;tcen_npts were made to grow ptotnnen\ata in the 1abnramry using both
natural and artificial media, The cultures were started on 25 Océobe’r:.
i 1972 from spores 'obf:;ined £xom mature spoxophytes collected’on 16 June,-
- 1972 at New Ha_rbqut?." Spores were dissected from the capsules onto a clean
glass slide and then sprinkled on thé different media.

Spore germination was attempted on moist ‘filter paper, on vermi-
culite treated with Knop's Solution (Van Andsl, 1952), on humus ,, and on
agar plates ;m_\caxmnq Marchal's Solution (van Andel, 1952). Water and
‘nutrient solutions used in treating. the cultures were all adjusted to
Pt '5.0 using 0.1N KCL since in its natural habitat Buxbaumia aphylla -\

grows in acid uunditions. Cultures were kept in a Cli.mataxium .at 22%

and i1luBinated for 12 hours in every 34 hows. Light was supplied using
two 40-vatt ircandescent bulbs and two 40-watt fluorescent lamps. One )
‘agar culture was also piaced on-a window ledde @nd a humus culture was
placed in a greshhouss in an attempt to imitate natural donditions.
Fungal contamination i observed on some of the Aaqa‘z cultures but this
414 not appear to affect the growth of the protonemata. : o

2. Results .
' < a. Phenology . ’ " . :
‘The young spex‘ophytes are first noticeable in the field in very
“early fall. ‘In 1971 the first new spnxcphytex were found at Bauline on . s

* Manufactuted by E.H. shelday; Equlpment Company. Huskegon, Hichiqan.‘ ' .
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- "21 september. In 1972 the first néw spoxophytea were found at Bay Bulls

on 19 Septembex. At this time the plants were immature. They dsvelwp

rapidly ‘for ‘six weeks, najor jical
-changes until’ the onset of cold veather and snowfalls, at which cime
. some have almost reached their greatest size. During the winter little
ox 10 development ocours with the plants protected under a lnyer of smpw,
and they resume dotive development in the spiing.
A sporophyte vas considered to be £ully maturd vhen the operculum
is ready to be shed. 1In 1971 the first sporophyte with the-operculum
shed was noted on 15 June; and in 1973 on 19 June. .
V Throughout the sporophyte development 12 distinct morphological
stages have been recognized. These are described balow and sketched in

Figure 6.

of 1 Stages of Buxbaumia aphylla Sporophyte

Stage 1. Calyptra and tip of sporophyte atove ground, Entire structure
/ - i

wog s bright green in:color. -Few leaves may be visible.

Stage 2. ' Seta partly elongated, starting to turn red at base. Leaves

" have disappeared. i ’ .

Stage 3%

Seta almost ly el d B.nd 1 ly turned. red;
calyptra 1ight green in color. ’ '

v & ) . i .

' Stage 4. Seta completely elongated and turned red. Sporophyte beginning
to swell symetrically in capsule region Just-below calyptra.

Calyptra beginning to'split and be forced off but still present.
. . LA " oo .




T e —is-u e

Stage 5. Secondary swelling heginning in capsule region located above

first. Capsule becoming differentiated into neck; uin, and '

operculun. Calyptra may be present or absent due to secondary
svelling. : -

5a. Calyptra present

5b. Calyptra shed .

Stage 6. Upper R Sowis swellings in apsule region no longer disting-
uishable but still symmettical. Calyptra g8ne from most sporo-
phytes but may be — in gome. When present at this gcaqe

_ the calyptra is'usually split vertically aus to tncresset

swelling. . g L

. 4 - ¥ - : .
Sy 6a. Calyptra present. & . 3

.6b. Calyptra shed v

i s . ; -
'stage 7. Capsule begins to bulgé on one side. Calyptra gone by this

i

o stage. Capsule is a bright shiny green color and ‘the seta

is reddish-brown. . 4

Stage 8. Capéule very much swollen on one side and noticeably asymmetrical.

Still bright green in color.
{

- B 3 . L
Stage 9. Capsule much more swollen and beginning to lean’to one side.

Capsule begins to turn. reddish-bro o :

region also takes on a brownish appearance. . .

<




"o . 7. stage 10. Capsule swollen to its maximm size and leaning more to one

side. Entlxe capme beqs.nnxng to take on a reddish-hxo\m * ¢
= o Socloreil operculus well aifferentiated. .

% ey - S .

- stage 11.. Capsule almost’ hoxiwnta'l. Seta swelling in region immediately

belw capsule. an.lxe plant turned a chnr.mn: bszn aolox

and shiny. Mature at this stage.

. : o T i ’ E
v, " stage 12. spords’ mature and ready to be sheq, - First opercalun is shed, -

. and later l:lplule may (or may rot) rTupture to aid in spore

[P R & diupezaal. % e ot

12a. ppezcuum shed B e bt | g

- 12b. Operculum shed and capsule ruptufed

These stages are diagramatically represented in Figure 16 and

of actual in several of these stages may be found
s

.+ '*. in Figures 17-to 23:

ar e 09 : oL
-The rate of development based on the collections \ihich were ln?e

from 19 September, 1972 to 19 June, 1973 o shown in Appeuiu 2. These

. numbers’ have béen an r e ag

of the total nuber of plants in each collection (Pigure 24).

R * Most of the new generatioh sporophytes ate visible by 16 October:
After that date no hore rew plants were seen until 17 November when only
18 Of the plants collected were in Stage 1. The histograms also’ show

that the majority of the plants have reached Stage 8 by 17 Yovember and

overwinter in this form. b had ably by

. ¢ . - . .
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Figure 21. Stage 10 in development of Buxbaumia aphylla. X4.3
June 1971.
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30 apris, 1972 uhen t:hi next collection was made. Whe majority of the
plants reach Stages 1 Jama 12 during the first tvo weeks in June and at:
this time are coxqsldered mature. - .
b.. Annual Production of Sporophytes:
Appendix 3 shows in detail -the exact.locations, morphological

staqes, and mortality of each e noted in the X plots

" at Bauline during the period from June, 1971 to dune, 1973. Plots2 is b
discussed below as an example to explain the chanqes observed within
the plots.

Plot 2. on' 24 Jurie, 1971 the locations of thirteen mature sporo-

phyteés of the 1970-71 generatxon were Dhserved. . e
. on 23 September, 1971 only one new sporophyte of the
1971-72 generation was present while 12 additional sporophytes were
present. on. 14 October, 19714' After the win‘te: it vas noticed that 7 -
ioze new sporophytes had appaat:d in the e by iy, 1972, ‘but also
that" 7 spoxophytes had dled 1eav1nq 13 potential spo:ophytes on that.
date. Observations made on 22 May, 1972 and 15 June, 1972 shoved that
by 15 June} 1972 six of ‘the potential sporophytes on 1 May, 1972 had )
* died, one sporophyte tad shed its operculum,‘and the other six sporo-
phytes were growing but still had not released their spores. The final *
 observation for the 197172 generation was made on.1 Au‘gust. at which’
time five of the six remaining-sporophytes had eé"cg. shed its operculum.
Only one sporophyte _};ad not released its apczes-l;y 1 Augist, 1972,
on 3. &mhez, 1972 :the first observation on the 1972-73

generation was - made.. ‘At this time 2,i e sporophytes were present

" w v
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one at Stage 4 and the other at Stage 2. On 11 October, 1972 it-iwas

notlced that. the plant at Stage 4 hua'died while fhe plant at Stage 2

had ptogressed o Stage 6. By 17 October, 1972 this sporophyte had
reached- Stage 7 but on 30 November, 1972 this sporophyte vas also dead. .
No additional spo:cphytes Viere obsérved in Plot.2 during .the 197273

generation, .

From the results in Appendix 3. Tables 9/ 10, arid 11 vere con- Ces
kr.:ucted showing the actual nuiber of potential sporophytes at different
o ‘times of the year for' the three gemerations. In ‘each plot there is a |
general decrease in the number of sporophytes which matured each' year.
/- This can be attributed fo.the. fag‘t that the plots were becoming increas- , |

.
ingly covered with other'plants, thus eliminating Burbaumiz aphylla. .

Often the number of potential sp ,4,_ s in one ion is ' -

far less at maturity than at the beqinn‘ing. This XE due tc advcm:e0

ecollogical fagtors; for example, during the night of 22 Oct.oher, 1972

the temperitire vas qui.te low ‘and: a heavy frost covered tHe ground.

A5 a result the. .ccllictiun wof 23 Octoher, 1972 showed & Very high moztalzty. _—

‘pproxinately 25% of the plants collected vere dead. nuxmg«-_he 197172 -

generation only 41 out of 144 potential plants (29%). in the 14 .
permanent plots at Bauline actially nafured. During the 1972-73:gener-
" ation only 8 out of 61 Apotem:ial plants (13{) in the same plots matured.
Clése analysis of Appandix ‘3 shows that in snme of*the’ plots
i ; the ' sporophytes were ‘found within the same qene:al area Hithin the plots
: for three gsnezaeiuns. For example. in‘plot 2 the sporophywes of tne

three generati.ons obsexved were all fuund ‘within 11 of the twenty—fxva :
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: Table 9. Total nimber of sporophytés of Buspaumia aphiylla which matured
. in each plot at Bauline during the 1970-71 generation.

Plot Number” Total nunber of mature: T,

sporophytes ¥ = L
# 3 (24 _June, 1971) o ¥

2 : % . . 2
s 7
. 1o, 3 9
» 2 L3 ;
3, S “ s y ; .
[ i
4 . 9. : .
) 5 8 8
6 .8 s !
) 7 CitE o
: .8 24 T §
R 9 11 - :
! 10 23 " .
Total




. 7 ;
’ ’ ; .
-
-
) *
3 meda ot e
Explanation Of Tables 10 and 11.
The dates for which the potential numhn/ of is -
given represent those dates at which significant changes had been’
* observed in the plots. Observations other than the initial one ate
given'using the formula: 5 LS5 . E o 3
=4 . % *
Where,
© a= number of sporophytes present in that plot on the pndmll t e H
observation date given in’table - 4 : .
. - . o .
"= nusber of additional sporophytes shich had arisen since
- puvious obutvat.lan dau given t.n uble -
¢ = nusber of sporophytes vhich had dted since previou obber- z -
vation date given in tab) . 2

* and-d = number. of potential sporophytes puune on the‘date given.
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Table 10.  Total mumber of potential of i a;l;ylla .
in each plot at Bauline at different dates auzmq the 1971 -
. 72 gereration. e .
) *
s LA ! “ Total nusber of potential sporophytes . -,
o P*“'_.“m"-““ T 23sept.. - . .140ct.- * 1May ° _ 15 June '
R w71 1eme . 1972 1972
: . = L . o O b
S 5 ! o ' 10+2-0=2 4224 410222 |
s 2 - R T S e EU R S o mm:;-') i ‘
- 3.A Tl e, ‘ufq—c;nl'o . 0+4-0=4 | as0-=T
T L0t owi0s0 © 0k0-0m0 . 0k0-0m0.
5 .- . o+2e0=2 ) EFITETERE 310201 |
: 6. o~ : .o,£1z-o=u 1252007 Teoge2 .
L e, F0 ¢ 7sroms | oa23es ‘gho-g=s .,
. .8 “o 0s7ge? - 7wk -7_+o-1z-s( .
S R Y I QH-0ml . 10-0e1 L 130150
io- . N ooz | za0e3 - 3s0nae2 e
. T 145-026 ‘- 6+1%=3" 340-2=1
AR 102 D2soe1el T - eldo-0m1
RENE R - nodata 39 ‘@ 3g+\4-24-1§- , 19+o.a1b-9‘
o a2 ©nodata *L N\ EEI 1342105 . - - 540-0=5
] 10 ot B 78 ‘;
: . ) P
. ' R o <= £
. L 3 7
" [ s ) .
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Tabie 11. Total mimber of potential spomphy:es‘ of Buxbaumia aphylla
in each plot at Bauline at different dates during the 1972-

/\(‘— ! 73 generation. . . . . B

1
B EEE . Total number of poteritiai-sporophytes . .. :
PlotiNumber. ° . yigop. ! . 17 0et. L9 30 April 4 19 dune’
L ‘ 1972, 1972 1973 * 1973
[ . L |
N .
TR 0. TN 041-0=1"" -
o 2 ) \ PRI 140-120 .
E T ©osl-os1 | 1softe0” E . 2
4 ; 0 “040-00 0+0-0:0 1 - o;c-u=o
-5 .' : 0 - " oreosl 140-0=1 . . 140-1=0
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. tarium qxwﬂ\ was ‘slow on all ca and i “Hor 5a .,

9 cn’ sections Gf the grid. In the other 14 sections of the grid, no

lpomphytes vere mt;cod duzinq r.he }thxee genaxations. 'l‘his indicates
that the protonemata may be pexuistenc year after year and pxnd\\ce new
spo:uphyt!! each year. g -
g AR R §
c. ‘Culturing Lo ”

. smores gaming:ed i each’of che ma:hods tried but the vigm: of
growth and the length of umg to obtain geﬁninatiun varied uith conditions

and culturp media used. - - e

In the Clm\atatium ?umination of, Sgoren’on o mxét fileer paper

- and vezmculicb was first noticed after 12 days. The 'hunua and agar

. m.mxes shwed gerninating spores after 7 days. x-umvez, in :h‘? Clima-

".good growth of protonemata.  Both the humus cultire in the greenhouse and

the aq& culture on the window ledge showed spoze gemnithm within'

5 days. Growth was vigorous and bof_h bu‘es :ongd a dense mat of

intérwoven protonemal £ilanents ithin one montp.  Spoke germination and

growth of filaments.were photographed from samples' taken periodically

from the agar gulture op’the window '1eeg'e (Eigures 25, 26, and 27).

The pmtonemacq failed .to produce sex utqan! * during the|eight months

they were observed qmving.

thx; ‘the’ agar’ cnlt\lteu vere 3-4 montha ‘o1d. they began to dxy out

onmnamal Eiln-

and the proton hld to 'be~ to mew mdﬂi

mentu in t'heae old c\llt\lzel' began to bteak up lnd tha ells bel:ame Lhick-

28 and 29) are p:obmy E

walled:and rounded. These structures lFl_quze

- A
of the althoigh of




Pigures 25 and zs' Initial’ uuqes of spore germination in Buxbainia
e -aphylla; from cultures 7 days old. : o

- ]
. i " N
Figure 25. Note m: spore wall meuly h-uge- (nm). X760
+. 4. 3l.0ctober, 1972. * | s
. « ° =~
B . ~
% . .

; . “ 5
 Figure 26." Note fornation otetitst ixoss vall (arrow) in. fila-gnt

dzveloplent. X118¢° - 31 October, 1972. ,
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Figure 27. Protonemal filaments of Buxbaumia aphylla from culture 45 days
old. X190. 8 December, 1972.
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- Figures 28, and 29. Formation of possible asexual propagation structures
- ! ©., .. in Buxbaumid aphylla protonemata. .Note'chdinlike

s . series of rounded cells which break apart.- From
cultures 156 days old. -

gk .
1 ey .
b = . Lo /
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- _ these stx:uctures was not obuetved. This same pﬁennmenon was noted By

N

Den_mq (1928—29) who found fhat the z‘cunded cells did gemminate mco
new protonemata. ’

3. - piscussion T E L, . FY . .

The lifa histczy of 'Buxbaumia aphylla 'has been studied- continucualy,
&

fram June, 1971. In lana each i fewer

than the i "indicati d\at the plants may be becominq pro--

qtessivgly less abundant after a short flourisning period, as reported in .

Syeden by Uggla (1958)- Sy : : WAy a

, Momhty fate.is high among 'the’ imatuxe spczophy:es.' Ma;:
spoxophytes which die do so between 15 October and 15 November when

cnld temperatures at night' are chmen. D\:rinq this time the spotnp‘hyr.es
affected may be- at any stage from. 1to 9. These sudden adverse conditions
affect the sporophytas when they ' aré most. actively developmq ;and. the

‘cells are repidly aividing. -
P ,
'In spring wherx mést pxantzs are develQped to Stagg 9 ox heyond, .

"moftality is not as high.' Hos¥ plnnl:s % ot Sesn to be affected wllan .

Stage 11 is zeached (.mne of the £o118wing ‘year): ‘However, it vas

‘noticed’ that several plan‘Es had the capsule broken from me seta in

Stage 11. mhis is probahly due to physical ’factors:such as wind and

¢ rain, since the spomphms bécome bnttle when they “mature.

Svima and Svihla (1926) followed the lnat\lxitl.an gf one genexaﬂm

of Buxbaunq phylla and observed s notable decrease.dh the nunber. of
spomphyees present as the plants matired. They dttributed this decrease—,

in Robers €6 a " 'black-spored fungus® whiqh they observed growing .on the
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. :apsnles of. some spotophytes. Gym!ffy (1911) also reported dark spots
on the capsules of suxbaumxa viridis and said they were caused by a
fungus, Cladosporium herbarum (Pers.) Link., which is parasitic upon

- many plants, In my collections ‘of Buxbaumia aphylla a black-spored fungus .

.. was seen on the uppér surface of the capsile of only’ ohe sporophyte.

This s;;arop;:;:e hdd matired, -shed its operculum an‘x had the capsule 'spm: ’
to reléase the cpores, dnd vas apparently inaffected by the . fungal gzmn,
1 specy i that the protonenata ‘may pexsist £on one year to thé ! .

s next, passs.bly being propagated asekually by gemae or structures similar

to .those observed in cul:uze:(Fi:qn:es.ZE’a;xd 2_5). 5y *
©.. 17" i fhere are tireé maln theories which could e)’cplain the entire life

cycle (Figure 303. The three tnecrxes assume that e spores geminata

immediately ifter shedd;.nq sx.nce in cul:ute it was noticeﬂ that the spores

erminated in a’short fine. The.first theory, is that sporophytes fourd - ' ’
. in’September may arise from spores shed.in the pxe:eéing gune. If this

is t:he case’one must assume that within this £our-month perlod, the spore

5 qgmnates to produce a: ma, the sex oxga.ns which

o W mature, and also. that the egg. SFf the archeqonium is fertilized. - If the = -
. rate of davelapmenl: Df the p!otonen\a in nature is sx.mla! to the rate Df

N ller, 1972 : y
develnpment in cultuxe/\c(\g‘é‘esegg that Lou!‘ months would be too shox‘ﬁ a:t:.me .

for the develoyment, even if clxmatic conditibns were suxtable. ¥ i !

] 'The next "two theories are based on the hypc\thesx.s ‘that Buxbaumia

< i
aphylla pzotenemata are pezsistent for several years. : / &

. The. secnnd theory is that the spam shed'in June- gemnate but | ;

4 not px:oduce sex organs unti.l approxinately 10 to 12 montH3 later, and,

-givé rise :o, spgmphytqs in September of the year following ;quxq—she_dding. . v
% L . ' B §r, g B
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The third maxy ‘is’an extension of the second and considers the
idea that the protdnenata may persist more than one yeaf and produce

rsporuphytes each year.: Thus, spcrophytes found in September may be from

. protouenata one, two, or possibly three years old.

If either thie second or third theory is acceptable this woum
refute the assumption that Buxbaumia aphylla is an annudl moss (Grout,
1938; Taylor, 1972) and would indicate that it i% actually.a biennial,

triennial, or perennial Elant, f

‘From my evidence the :hu-d theory would seem to ‘be the mokt likely:
that the protonemata persist for several yéars, possibly reproducing the
species asexually by pxotonemal qemmae, and that each Septemhez a new -
sporophytic _g)g:pncn is initiated from the petennlal protoneriatay re:ult—
ing-in a rtew crop. T¢ apores the following ‘gune. . Piqure 31 further illusts?
rates’this theory, with a persistent pro:unemal na a1 )

stage, and dlso shows

phenolugy of the spcmphyte..
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Mineral ele:neny,scnntent for plant and doil samples from
Soldiers Pond (25)- ami Bay Bulls (11). |

. The *normal" 1dwer limit of detection for f_he various elements
is listed next Bo the elment. Thexe was a pzohlem of small smple
size"for the aporop‘hyte aamples and the analyst had to dxlute more
: than normal with the sodlun‘silica matrix in order to have ‘aucugh material.
This dilution has the effect of raising the lower limit of aec;g:ien ‘aby
gives rise to varisble "less than® values.’ This lover iimit is given for -
the smples with greater-than-normal matrix dllntion,

N » . “ .

Legend:
G = Greater than 10% or greater than'value shown, - SO 3
. . 2 =Not looked for,

N = Not detected, ‘ac limit of detedtion or at value shwn,

and L = Detected, but below limit of determination or below vulue
shown.
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@ Location of sporophytés in’ 1971-72 generation and 1972-73 -
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Permanent Plots for Studies on Daxbaumia aphylla.
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Permanent P13¢s for Studies on Duxbaunmia aphylla. .
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Permanont Plots for Studies on .Buxbaufmia aphylla.
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