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ABSTRACT .

. v e L : s 4
The genus Pohlla 1s represented by about 297 spec1es .

n

'ln North Amerlca. The most recent reV151on of Pohlla 1n»'

1',North Ameglca recognlzed 51x spec1es in the “ECtlon o

:,Pohllella whlch are characterlzed by asexual axrl]ary

’ fpropagula produced in the leaf ax1ls of- sterlle, and

r_rarely fertlle gametophytlc shoots The geographlc dlS-;

D) £‘¢

V4

because of taxonomlc and nomenclatura_ problems surround—':
hlng them Specres of thls propagullferous complex are

[

e notably unlform 1n ‘most sporophytlc features such as

/

exostome and endostome morpho]ogy,.exotheCLal cell pattern'

3

-and annulus morphologY, and- this’ group probably represents"

_ L
a monophyletlc assemblage* Nlne North Amerlcan species are:

:recognlzed and each can be best~def1ned on. the ba91s of

'fthe developmental pathway whlch characterlzes 1ts pro—

Vﬁpagula Because of thelr SLmllarlty in. p051tlon,'appearance,

{ . ,!l =

'iand maﬁner of development these propagula are con51dered

'fhomologous w1th ax1llary branches A contlnual gradlent of

M

(X3

istructural complex1ty ex1sts between propagula of dlfferent :

wspec1es,_and 1s 1nterpreted as a reductlon serles
Evolutlonary reductlon in propagulum complex1ty probably
occurred through progre551ve modlflcatlon of ontogenetlc
Pathways._ e '_ ff.ff_' '_‘ »“V"lr‘*‘pj‘ ,,‘ : '>'
' Two spec1es, 95h115-t;naIAéfahd pP. andrewsffyhare‘

Yy
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\descrlbed as new to science, and P. camptotrachela (Ren

\

& Card ) Broth. 1s;con51dered dlStlnCt from 1ts-closest1

11v1ng relative, P. annotina (Hedw ) Llndb A study of

the nomenclatural hlstory of ' these propagullferous spe01es y,

1nd1cates that the name P. rothii (Corr ;ex‘L;mpr.).Broth.

'should be considered Synonymous wrth P filum (Schimper)

ilMart ' and p. annotzna’(Hedw ) Llndb 1s the . earllest valld
. ‘name for the taxon descrlbed by Hedw1g (1801) as»afyum

'annotlnum. The comblnatlon Pohlla andaluszca (Hohn ) Broth

1s the- earllest name for the taxon most recent authors

,Vhave referred to as p. rothii.

Each spec1es of the propagullferous complex has a
’plstlnct geographlc dlstrlbutlon in North Amerlca, and
~occup1es;a characterlstlc and narrowly deflned range of

edaphlc condltlons The complex as a whole can be char - )

‘,acterlzed as mlldly ac1doph1]1c, but spec1es behave 1n— :

»;fd1v1dualrst1cally in relatlon to SOll pH In western North

- N

[Amerlca, the propagullferous spe01es occur prlmarlly in:

: N
.the amount of: organlc matter present in eachp Wlth the

=

. et -
:gexceptlon of P. tundrae and P. drummondll, eaqg\spec1es

”was found to be statlstlcally dlstlnct from every other‘v

B ”three habltats, roadbanks, tundra,_and bare sand or gravel,,_”

spec1es along the pH gradlent, the organlc matter gradlent,*

'?tor bpth Ecologlcal data correlates w1th the 1nferred 11,1'

b‘tdlrectlon.of structunal evolutlon in thls group, and

)”-fand these habltats can be characterlzed quantltatlvely by lbjl"‘.
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either hlg@ or- 1ow pH

-
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(3

blndlcates that the dlrectlon of eCOloglcal evolutlon has

« \

been from 5011 of h;gh organlc matter content and 1nter-‘

medlate pH to 5011 ogylow organlc matter content and

a

3
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INTRODUCTION

The moss genus pPohlia, a member of phe.large famin

[

Bryaceae, consists of appréximately 85.s?é¢ies Nll% accord-
ing té Brotherus l924) distributed"throuéhoutvthe world,
but wiﬁh‘the gréateét diversity in teﬁperate regions of
the northern hemisphene. In North_America,‘Pohlia ié

represented by about 29 species (26 according to Andrews ,
-1935, ex_cluding E‘pipter'gg.ium to‘ééri Llndb, and Anomo#fg'un{/ﬂ
, v . : s

¥y

|

from subtropical Florida tol

[

filiforme Husn.) which range

-

4

arctic Alaska and the Céﬁadianbafctic_ardhipelagol
%& ) In NorthuAmerica{'a groﬁp of nine %}oicous”édhlia
species in the section'Pohliella are ¢ha;acteﬁi}ed by, A
@ - asexual propagula pfoduced‘in the iéaf axils,bf éggrile'
(and rarely feftile)'gametothtic shoofs. Thé%g species -
‘are listed below in cémparison to,the cit%tibns giveg by
‘Andrews (1935)'in.his most recent revision §f the éenus
in North America. | |
) _ ‘ _ Andrews 1935 .
Pohlia drummondii (C. Mull.) »p. QrUmmbﬁdii (C} Mﬁil.) Andr,

‘Andr. T l o :
p. filum (Schimp.) Mart. .  P. gracilis (Schléich.)!Lindb.
P. andalusica (HOhn.) Broth. P. rothii (Corr.) ‘Broth,
‘ T . (ex. part) -
P. tundrae J. Shaw : ' T o
P. bulbifera (Warnst.)Warnst. P. bulbifera (Warnst.)Warnst.
- P. énnotina AHedw.) Lindb. . P. annotina (Hedw.) Loeske -
P. proligera (Lindb. ex . P. proligera Lindb. '
-~ Breidl.) Lindb. ex Arn. = = SR
. P. camptotrachela (Ren.'&.  (Treated as synonym of

; Card.) Broth. _ ' : P. annotina)
- P. andrewsii -J. Shaw : . '



_'not hlghly calcareous Several spe01es (p. annotina,

In the present work the asexual’ ax111ary structures

A
characterlstlc of thls group of POhlla specles are referred

to as propagula, these same propagula belng called

\ 7 N

g_gemmae by Andrews (1935) and Nyholm .(1958), brood bodies

_by Crum (1976) or bulblls by Lewis and Smlth (1977 1978).

Each of the nine. propagullferous POhllaS in North Amerlca
con51stently produces propagula, although in number these

can range from one or a. few to over 100 per- shoot The

¢

‘ propagula con51st of a 51mple to more or 1 ss dlfferentl-

ated propagulum body, and one to flve or slx, usually

+ .apical, leaf prlmordla» In the present work the- leaf

prlmordla are 1nterpreted as, belng homologous wlth ‘the

leaf prlmordla of. young branch buds, and the ‘propagula
)
to the b ds themselVes -The reasons for thlS 1nterpretatlon,

8

'together w1th a' detalled dlscu351on of propagulum morphol—‘

ogy,ware glven in a later section.

. The propagullferous Pohlla spe01es in the section

-‘Pohllella are typlcally 5011 qrow1ng mosses, as are most

‘members of the Bryaceae, and 1nclude w1de ranglng 1owland—v .

e

]montane spec1es (e.qg. p(_annotlna) alplne spec1es largely

_restrlcted to-tundra'habitats (e g Q tundrae) and one
‘ & : : .
spec1es recorded«only from arctlc reglons (p andrew511)g

[

~ All nine specles occur in western North Amerlca where theyf.'

are frequent in mountalnous areas wherever the bedrock 1s

£

- ':- oo

'jPﬂ andaluslca, P. bulblfera .jprollgera,'P;ﬂdrummondii)‘



also occur in eastern North America, Bit only P. annotina
extends farther south than.New York'and New England. None
of the species is’entirely:restricted‘to eastern'North
America; Specfmens'of all~3pecies ekcept‘p.'tundrae‘have'
vbeen seen from Europe, and thlS spec1es may be endemlcn
'_to western‘North Amerlca |

Spec1es of thlS group of propagullferous Pohllas

.are very 81mllar to one another in such features as general

.J ¥

»gametophytlc hablt, Qeaf—and leaf cell S1ze and shape,
exostome and endostome morphology, exothec1al cell pattern, ;_,:
- and annulus morphology> These characters are thought to
dprov1de rellable specrflc and subgenerlc‘dlstlngulshlng
crlterla w1th1n Pohlla, and the notable unlformlty of the
propagullferous spec1es'ls probably 1nd1cat1Ve of close
phylogenetlc relatlons between spec1es‘and a‘monophyletlc

, -.L
~for1g1n for the complex The spec1es are dlstlngulshed

’malnIVbe differences 1n_the's1ze, shape;‘number~and‘degree’_?"

,‘bf dlfferentlatlon of thelr propagula,valthough they also .v'i
;'dlffer 1n leaf sheen,-plgmentatlon, stature and other : |
1~subtle gametophytlc features and in most cases,rspec1és
.are recognlzable even 1n the absence of propagula There'f
'tare‘other members of the genus Pohlla whlch are 31mllarA

e

f*to the propagullferous spec1es 1n many morphol“g%cal
‘f?features, and these are undoubtedly related to the
i propagullferous complex (e g see Nyholm l958)‘ Thesei

;nonpropagullferous spec1es, however, are not 1ncluded'inﬂ



“

~ the present revision



e Sharp 1976, Crundwell et al 1978)\

THE OCCURRENCE OF PROPAGULA ‘IN THE BRYACEAE

S FRE N ‘ ' "
. D

Asexual propagula are: qulte commOn in the class
Bryop51da where they are frequent among both ‘the mosses
“and the llverworts Correns (1899) treatlse is the most
/' | thorough reV1ew of asexual reproductlon among mosses to.

,@9' date Goebel (1930) dlscussed asexual reproductlon in

selected moss - taxa, and Watson (l964) prOV1ded a rev1ew of

. v
e

asexual reproductlon and its: ecologlcal 51gn1f1cance in
erOphytes Whl?%house (1966) surveyed the Brltlsh moss'
flora for %he occurrence Qf - rh1201da1 propagula, and many
| other publlcatlons deal w1th asexual reproductlon 1n_'[
spec1f1c moss groups-l *g Heald 1898 Plltt l909 Lowry
and Steere 1946 Welch 1948 Crundwell and Nyholm 1963

| Frederlck and Ward l968 Whl

gy

Wlthln the Bryaceae,nthe occurrence of orOpagula 1sfld

tA

Bryum alplnum Brld (Crundwell and Nyholm 1964) produce,hf7~bx

rh1201dal propagula, but are unrelated to other spec1esf"“'

._’_

’-whlch produce 51m11ar structures 'Brachgmenlum ex1le (Dozy;v}‘

;;

& Molk ) Bosch & Lac (Och1 1959) 1s another spec1es =
whlch produces propagula,vbut 1s not part of a larger
propagullferous complex In these cases,lthe orlgln of

‘/' g DL TN
propagula probably occurred 1ndependently, and was not

fpllowed by the evolutlonary dlvergence of closely relatedf-

. T

use 1969 Delgadlllo and“

found 1n many unrelated taxa Some spec1es, for exampleﬁ{~



(gs
\
} spe01es dlfferlng in the form\of thelr propagula

On the other hand there also ex1sts w1th1n the ;
Bryaceae, groups of asexually reprodu01ng spec1es whlch
;;,are unlform sporophytlcally, dlfferlng only or malnly 1n
.the form of thelr‘propagula (cf1 the present‘group'of ’

propaguliferousvPohlias)_ In the genus Bryum, the A

'Bldérgthrocarpum complex (Crundwell and Nyholm l964)_is
anvexample of the latter srtuatlon 1n Wthh a group of
}?rclosely'related species produce morphologlcally 31mllar
'-y propagula Crundwell and Nyholm (1964) recognlzed nlne

' ?f5i European members of thls group, saylng that the spec1es are‘

1very 51mrlar morphologlcally, and that they have found the

propagula to be so 1mportant in the recognltron of spec1es‘ =

a that they dld not attempt to determlne collectmons in whlch

;‘f they are absent

R . S o

The Bryum blCOlor group, recently studled in! Europe

¢

'“tby wllczek and Demaret (1976) and Smlth and WhltehOuse

‘(1978) represents another complex of morphologlcally

‘::51m11ar, closely related spec1es Smlth and Whltehouse
"*’(1978) found that sporophyte morphology is. unlform w1th1n .
-ia the group, and that dlfferences 1n leaf and propagulum '
‘fmorphology are the most useful taxonomlc characters for f»
';dlStlHQUlShlng the four Brltlsh spec1es of that complex .
‘EIn the B blCOlor group,_as ‘in the present propagullferous
hPohllas, the propagula dlffer 1n the 51ze and complex1ty |
;b of the body, and 1n the degree of dlfferentlatlon of the}ft

T o W ERE -



4‘ o ‘ ‘@..“ | ' |
1 (Smlth and Whltehouse 1978) S '

73) recently rev1sed Brgum Caplllare Hedw.
>ec1es, and. found that the aggregate spec1es"_'

Hedw1g (1801)vcan be divided into eleven '*'éf :

>

'ecognlzable spec1es on the ba51s of prOpagulum
other gametophytlc features | “ |
erytthEarpum.complexf B. caplllare and

s, and:the ; blcolor group are s1mllar“to »-}

erous Pohllas 1n the morphologlcal unlformlty

o

and many gametophytlc features Wlthln the

st llkely each represents'a monophyletlc

Coa

spec1es whlch have dlverged malnly in: the
3ropagula Each of them shares ‘the reputatlon

1om1cally dlfflcult groups . thlSJbElng the-

Lngly contrnuous varlatlon 1n the morphology

In thlS respect~-these groups can be
: of assemblages of "m;cro speCLes )wln the
such assemblages ex1st 1n many asexually
: PR .

lcular plants (cf. e. g Grant l97l)

-

Pseudopohlla,.whlch 1s closely related>to.

s of yet anotherﬂgroup of Bryaceous mossestﬁg
ec1es‘dlffer malnly 1n the form of thelr'hf
e are.presently three spec1es>1ncluded 1n-jf:.{h
y Van der lek et al 1967) | bulblfera:iL

dymodontla (Mltt ) Andr - and P yunnanensls

Andrews (1950) suggested that perhaps»fg'f

M



¢

ff unllke the latter specres,-members of the P flexuosa'

N

.o

0

complex 1s deflnltely 1n need of4¢BXOnom1c reV1sron in

“p. @ul%ﬁfera'and‘p} dldymodontla may best be consrdered

conjunctlon w1th culture studles of ;1v1ng plants

-

-~ » .‘." ‘ l’
a. 51ngle taxon, but need further study ThlS propagullferous

-

P

Wlthln the genus Pohlla, there are several groups ‘of i ;
:spe01es characterlzed by the productlon of asexual .ax1llaryp- Y i
propagula. The Pohl;a flexuosa group con51sts of approx1—'lv?~ o "{f

'are sometlmes very 51mllar to those of. the northern latltude'

“ lnterpreted as belonglng to the propagullferous complex 1n ;f'

»

mately '2-5 poorly understood specres Wthh vecur prlmarlly

~

in trOplcal latltudes (Andrews 1950 Ochl 1959). Like other

propagullferous groups of spec;es 1n the Bryaceae, specres .
R+ I e
of the P faexuosa complex are morphologlcally slmllar S

but dlffer in the form of thelr propagula.;As the propagula

v -

\.
¢4

Spe01es 1n the sectlon Pohllella, 1t was thought that

perhaps the P ?flexuosa group should be phylogenetlcally

Pohllella HoweVer, members«of the P. flexuosa gréup dlffena’

from the northern latltude spec1es 1n a number of 1mportant f'},,i

features. Gametophytlcally,_P ﬁlexuosa and related specres e .

5 are consrderably more freely branchlng than any of tPe_r?

;

:'7ﬁ>Sp0rOphyth featureé) The exothec1al cells are unllke the"n

group have mOderately to strongly 1ncrassate leaf cells.fﬁ

G : ’

propagullferous spe01es of the sectlon Pohllella, and

Further,,' flexuosa and related spec1es dlffer from )
. e o k Y Ts

members of the sectlon Pohllella 1n several deflnltlve L



'Of”pv flexuosa and- related spe01es is unllke any of the o

. ‘, ~
'propagullferous spec1es in Pohllella 1n belng whlte (both

‘1fconcluded that propagula of the P. flexuosa grogighave

'3_arlsen 1ndependently of those of spe01es in the'sectlon

, propagulum morph01QgY ‘@3," _ “j

.

rectangular, 51nuose—walled cells of the "Pohlieila A\

R . o)

spec;es and 1n the P flexuosa group they are, often

' ;consplcﬁously bulglng,la character state absent from any

—‘“‘ AR \

spec1es of North Amerlcan POhlla Flnally,-the'peristome

R

"'exostome and’ endostome), and 1n belng completely dev01d

%

a

iof calla The exostome teeth are more blunt than those of

the spec1es 1n POhllella, and the external sculpturlng

. - §f

o 1s more’ coarse and extends more contlnuously to the base

&

-7

of the tooth The endostome segments, unlLkegthe northern

spec1es, are only narrowly perforate.'It 1slconsequently

Pohllella, and represent a. strlklng case of convergencé”ine

°

Vltt Il97l) descrlbed Pohlla:ochidtfrOMfcampﬁéllk=-

.,,-\

'fivermlcular propagula 1n the upper'leaf axlys Sporophytes

PRI 5,

fof;?; Ochll are unknown, but the 51mple, unbranched stems-'

N

fand the glossy—leaves w1th thln walled cells are more

'Ed remlnlscent of jhe northern latltude spec1es than of the.,

a1

*fp¢ flexuosa group, however the afflnltles of P. qchigptr

L4

SR Elsewhere 1n the genns Pohlla, sporadlc occurrences

~:;j

ffof propagula have been reported hyholm (1958) noted that

X

"‘? .-

w'»_Island New Zealand and reported the'occurrence of linearg'ff

f:’jmust awalt the dlscovery of sporophytes. ;fhf : h:vj,:fl“;vf_q

&



e

.'gemmae»or short

. ped occur on the stems of P. annotlna Hegewald (ﬂ970)‘

'of é.'annOtina.-The bropagu

©10

B
P;mwahlenbergii"(Web; & Mohr) Andr (aS P. ‘albicans) some—

times reproduces‘vegetatlvely "by means of dark reddlsh

Lars

ranches formed in the leaf ax1k§ " Such

dec1duous branches have also been observed in North- Amerlcan

s

‘ materlal of P wahlenbergll.

Amann 11912) described Pohlia nutans var bulbffera, ,
A ‘ -

saylng "Tlges steriles avec des bulbllles ax1lla1res

nombreuses ;f}.fi However, the type spec1men ("Vaud - La

o ‘e -~
-

Beralla sur: Lau anne, 700 m, leg Amann 141. 3 l4., holotype
Z Amann L) con51sts of POhlla nutans (Hedw.) Llndb wlth
1 N

abundant‘sporophytes 'in;mrgzure with a few sterlle shoots

-tO‘wthh Amann (1912) refer—.

dlscussed the vegetatlve reproductlon of P qutans,’by

e

means of "fraglle é?routs" (Bruchsprossblldung) and

: such structures occur Hegewald concluded that morpho—vﬁ

3

rev1ewed the nomenclatural hlstory of forms 1n which

' D
loglcally and anatomlcally there are no. dlfferences between

plants of the stat gemmlclada [hav1ng Bruchsprossen] and

@ L o

‘.Pohlla‘nutans’var. ndtans)";Hegewaldv(lQVO) also noted

. - W

that the §§at gemmlclada 1s only known from Europe, and
I have observed nelther ax1llary propagula or\“fragll
. N .

sprouts 1n North Amerlcan materlal of Px»nutans

Lew1s and Smlth (l978) found that P lutescens (lepr )

Klndb occa51onally produces flagelllform ax1llary pro—‘v

pagula, but thlS spec1es 1s not{presently recorded from‘-

o - ’~-. v ) B R : i



) “" » . : ) N N .' '. . . , R \
North'America Pohlla baronj i lek & Marg. is a propaguli- -

-

‘ferous spec1es known from Afrlca, andlhas_propagula very

] : M .
slmllar;to those of:gi annotina. The plants- however, are o

more highlyhbranched'than ?f_annotina and the leaf cells : Lo

are somewhat more 1ncrassate. Pohlla baronll S ems to be

Ta dlStlnCt Spec1es, as noted by Wllczek an Demaret (l974ﬁ,

but aséI have not seen,sporophytes, I can make no judge—'

‘

ment as to its afflnltles within Pohlla Pohlla muylderman— )

sii is a propagullferous Species. descrlbed by Wllczek and
\ . \
Demaret (1970) as. a result of theur culture studles on = S "f

‘the Pohlras of Belglum Lew1s and Smlth (1977, 1978) S f{t
conflrmed the dlstlnctness of P. muylderman511 in the "

,Brltlsh Islands,,and descrlbed the 1mmature sporbphytes

‘ “

(otherw1se unknown) ‘From thelr descrlptaon, Pr‘muylder~'v’@ _dddn -
ﬁ;anell seems’ to be phylogenetlcally related to the | | ‘
- oronagullf@;ous Pohllas in the sectlon Pohllella,’and on 4‘i
.‘the/ha51s of an examlnatlon of a\number of - sbetlmens (ex ~3~: L o
{herb Crundwell) I would agree that P, muylderman511.1e¢a

‘h;dlstlnct'speCLes “It-is not presently known from North Cor =\fi s
L AN : : ' s S
Amerlca, but I can- report P muylderﬁ;;gﬁl as new to Italy,

-

B

'i(Artarla, Torno, + 550 M., 1922 WTGl jﬁand Austrfa

8
~

o (Bauer, Musc1 Eur.‘exs.:no. 1094 1n part, as P. gfaci%iS

N .
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SPECIES CONCEP%S AS‘THEY APPLY TO THE PROPAGULIFEROUS
ot POHLIAS OF THE SECTION POHLIELLA
e

Henceforth the phrase, ' propagullferous Pohllas"
refers only to specres in the sectlon Pohliella, and does
not include p. flexuosa, P. baﬁonii, etc. Different
assemhlages of taxa have different phenetic and phylogenetic
relationspwhich must be takeh-into opnsideration when
erectlng avsystemsof-classificatloﬂi Not all taxa being
classified at a giVeh taXonomio'level are strictly compar -
able in meanlng, and, there is no reasonswhy they must‘be,
or can’be, as was p01nted out by Isov11ta (1966), among
others. Such 1ndLV1dué11ty with respect to the prec1se
| neaning of one species (for example) as opposed to another
are 1mp11c1t in the facts of evolutlon It would be
surprlslng, to~say the least 1f a taxonomlst could study
a group of species at some’ arb}trary 1nstant in their
evolutionary history, and find each to be separated by a-
.common morphologlcal distance from 1ts closest relatlve.
This would only be p0351ble if aﬁygehe Spe01es belng
‘studled had dlverged from some common ancestor at the same
tlme, and had continued on ‘their own evolutlonary pathways
at a constant and 1dent1cal rate. Such 1s,apparently not
Athe case in most groups. Evolutlonary rateris dependent~
upon a host of factors, including generatlon tlme,‘gene.

flow, and any factor Wthh affects the rate of genetic-

12
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N

)

I

Arecombinatioo (Lewontin 1970ff The latter is supposedly
'regulated by such factors as,kéryotyée morphology, including
chromosome number, symmetry andgnumber of crosSfover seg—
meents (Grant 1958, _St‘ebbins '195&); fecundiity (higher number
‘of offspring implies more recombination); relative degree
of outbreed;ng;wahd.effective populatioh size (Grantul97l,
Stebbins 1950, Jain 197§a):‘0b§iously, these are factors
whichtdifﬁer‘between_ssécies, or even between populations
of a single species (Jain 1976b). In addition, most
taxoﬁomists are not_studying a grogp of species all of
- which diverged from one” another at the same time} and the
conseguence is'that.aifferent species will show different
degrees of morphological differentiation from their

closest relatives. These differences in evolutionary age

and genetic structure lead to an inevitable variability .

I

between the precise meaning of.what we;.as taxonomists,
decide to place at the taxonomic leVel of species

Wlthln the genus Pohlia, there ex1sts many varying
degrees of spec1flcrd1ffer§nt1atlon, and consequently, the
taxa whlch we define as spec1es have somewhat varylng
meanlngs Whlle some'degree of coﬁs1stency is, of course,
necessary in erectlng a cla551f1catlon, I feel that there
’sshould also be some degree of flex1b111ty in the deflnltlon
of a glven taxonomlc level. ;v
g

.As was suggested in the preceding'sectioh,_the' -

fpropaguliferous Pohlias of the section Pohliella,-form,a

e
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complex of morphologically‘similar, presumably'monophyletic
species. The degree of_specific‘differentiation,‘in,terms

¥ - _ : ' : ) .
of morphology, seems to be ‘somewhat' more narrow than in

2

other groups within the genus Pohlia . For example, in the

Section Pohlia, P. elongata.Hedw. and PpP. longlcolla (Hedw.)
\ [l PR

Lindb. are distinguishable on the basis of a'combination
of both gametophytic and sporophytic features. "Likewise,

. -

ln the section MnioBryum, spécies'are characterized andh L
defined by differences‘ln Such‘features ae leaf sheen,
leaf cell size and shape, exostome color, stomatal
morphology, etc. On the other haéa speoies'of'the pro-
pagoliferous’complex are veryvsimilar'withrrespect to,
and not distinguishable on theabasis of the morphology
of their sporophytes ‘Each of the spec1es share a great

(1
number of 51mllar1t1es in both their gametophytes and

sporophytes, and differ malnly (though not exclu@rvely) |
-in the morphology and ontogeny of thelr propagula _ '3”

\
o
How then do spec1es of the propagullferous complex\

compare in meanlng to spe01es 1n other parts of the ~gent

Pohlia? If one were to demand aisolute QODSLStency 1n]"

' [P
. the appllcatlon of the rank of 8pecies w1th1n POhlla\ S

. then it might be E\ggested that the propagullferous taxa

',,\ .

be cla551f1ed at the level of subspec1es or varletles \

s A
However, I do not'thlnk_that it is realistic to,make_sdch
“5 : v ‘ : : ’ v

a’demand. . B




Y

U'

|

S
S

Dismier (1905) discussed the taxonomy of P. annotina

(as, Wwebera) and related species, and concluded that some

. of these taxa would be best considered at a subspeCific

‘.level He based- this opinion on the observations that the

taxa differ exclusively in the morphology of their pro—
pagula, and that none of the distinctions are absolute

Similarly, Dixon - (1924)ffelt that~the distinctions between

' taxa are too few (being largely restricted to the propagula)

and too variable to be the baSlS of speCific delimitation
,

Consequently, he placed P bulbifera as a variety of
E : . :

p. annotina (as Webera) and likewise reduCed W. erecta
. . 4 )

(= p. filum) to varietal level under the same speCies

t

Loeske. (1906 gﬁve a comprehensive reply to the arguments
of Dismier (l905), saying that he agreed With Dismier
that the’ differences between the propaguliferous speCies
are not absolute, but aSSerted that the speCies do differ
subtly in gametophytic characters other than those pro—

Vided by the propagula He Cited pigmentation, Size, leaf

-sheen (gloss) and leaf shape as a few valuable characters e

i

. il

|

\
i
|

which correlate well Wlth differences in propagulum f

i 3 morphology LOeSke (1906) went on to say that he had made

-

'-a speCial search for intermediate forms between propagu—*.

!
liferous speCies, but could report notably few cases of

such intergradation.‘Of all: the speCies which he studied

only P. annotina and ‘P prollgera showed a slight degree

‘hof‘intergradation, and he emphasized that,even,intérgradation

‘i L Q‘ ) <
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between those two species is rare (see Loeske's 1906
paper for a dlscu581on of the, dlfferences between forms.

of p. annotina with' elonqate propagula and P. proligera;

Loeske 1922 also dlscussed the lack of intergradation
Aetween propagullferous spec1es)
My own examlnatlon of several hundred specimens of

- the propaguliferous Pohlias has ylelded-surprisingly few

hel
AR

cases in’which-a plant.could not be referred-to one or
another species with confidence, -even ih'the absence:of
propagula: There'are a fé% (fewer than five) apparent
. examples of intergradation between p. ‘rollgera ahd,PJ
,anhotina,'and.slightly hore freduent ex‘mples betWeen;.
‘Pk.‘a,nnot\ina and p. camptotrach‘ela:,‘:butb'\b tween the r‘emain-i‘
,Vlng spec1es, 1ntergrad1ng spec1mens are\p ctlcally non |

\ o

ex1stent "In v1ew of ‘this mlnlmal ‘amount of morphologlcal , B
v + AN . .

1ntergradatlon, 1 am 1ncllned to treat the\p'opagullferous-
taxa at the level of spec1es‘ Further, each\s‘ec1es, as

deflned by morphologlcal crlterla, has been fou d to: be .

-COrrelatlon between morpholOgy and ecology 1nd1ca 1ng that

’ each taxon s0 deflned possesses con51derable blOlO 1cal

lrumeanlng Consequently, although spec1es of the prop gullfer—'_@%\
/

/

ols complex are somewhat less dlfferentlated from\on

///%/another in terms of morphology than are spec1es 1n other

-t sectlons of Pohlla, they seem to be as blologlcally d1

tinct as any in the génus. f‘ L T \
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In the absence of breedlng experlments and data on.
the potentlal for hybrldlzatlon between propagullferous
spec1es,'1t is 1mp0551ble to‘presently deflne spec1es by
"blologlcal"‘crlterla le .g. cf Mayr 1974) Spec1es are
presently deflned on ‘the ba51s of morphologlcal crlterla,
and thelr blologlcal nature is 1nferred by the correlatlon
AQOf morphologlcal character complexes w1th 1nd1v1duallst1c
j patterns of ecology and phytogeography The lack of morph—lb
'.ologlcal 1ntergradatlon, even when grow1ng in 1nterspec1f1c'

.mlxtures, is 1nferent1al ev1dence that these morphologlcal—

ly deflned spec1es can also ‘be con51dered blologlcal spec1es

7/
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SYSTEMATIC POSITION OF THE PROPAGULIFEROUS

SPECIES WITHIN poum ‘_ o \._'

‘Durlng the tlme of Dlllenlus and’ Llnnaeus; the genera
Brgum and Mnlum were used 1n a broad sense to. 1nclude B
many of the so—called acrocarpous mosses. Although Dillen—
‘1us‘(l74l) used a phrase, Brgum annotlnum lanceolatum
pelluc1dUm, capsulls oolongls Apendulus, and Llnnaeus.
‘(l753) referred to Mnlum annotlnum, nelther author seems

'to have used the ‘name for one of the propagullferous

’/spe01es (see Schlmper 1871 Llndberg 1883 and the SeCthn'

-on nomenclaturaﬂ hlstory of the present work) o \f”

Ehrhardt (1779) frrst use,; e name Webera for a

i moss, and applred the name to Webera se551lls‘(=,Diphyseium,

follosum (Hedw ) Mohr) ,’f p

| Hedw1g (1782) fapparently unaware of Ehrhardt S f,,"

d earller publlcatlon,_used the name Webera for W pomlforme,

hallerlanum and w tIIChOdeS The flrSt two taxa
. : LT

»vwere-transferred by Hedw1g (1801) to the genus Bart_'mla)}
whlle the last Webera trlchodes, was later placed 1n‘
synonomy of Webera. nutans (Hedw1g 1801) Presentrday
Pohlla spec1es werebplaced in Hedw1g S (l782) genera"

“‘Bfgum and Mnlum Bryum annotlnum, the propagullferous taxon

lth which. Hedw1g was famlllar, was placed by Hedw1g (1782)

w1th B (Leptobryum) pyrlforme,'B.‘(Aullcomnlum) androf,.i

ggnum and B (Bryum) argenteum

3

18" -
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Hedwig (1787) first described the'genusnpohlia with a.

.single species, P...elongata. Bryum annotinum wWas retained'

5in the genus Bryum. In'Species Muscorum,'Hedwig 11801)

dlstlngulshed Mnlum, ‘with acute exostome teeth cilia_and'=

19

dlSCOld perlgonla, Brgum, w{th acute exostome teeth cilia

and capltullformls perlgonla, Pohlla, with acumlnate :
exostome teeth,and no Cllla; and Webera, with‘acute'exo—

. stome teeth; cilia and a mon01cous 1nflorescence .In

<

“Pohlia he plaeed-only,P; elongata, in- Bryum, he 1ncluded o

a{'annotinum, B.ddelecatUluh‘anddB pulchellum,»among

o other spec1es presently clas51f1ed in a varlety of genera,
.'andrln WEbera, he referred to W. nutans,hW. lOHglCOlllS
Ahd;W; pgriforne; He placed the remalnlng present day

',o:"-

“*fPohlla spec1es,~R;-cruda,71n the genus Mnlum Although

’7'_;Hedw1g 5 (1801) genus, Webera, was used by many nlneteenth

jcentury bryologlsts for the present genus Pohlla,:Webera‘f

L Hedw (1801) is predated by Webera Schreb (1791 Rub;aceae)

,‘and Webera J. F Gmel (1791 Melastomaceae) 1§ndgls conevggd'

.'sequently a later homonym e | e
Follow1ng Hedw1g s (186 ldefinltlon of the genus ?
"APOhlla by 1ts lack of 01lla,\Swartz (1799) added P |
n'1ncllnata (* Bryum stenotrlchum C Mull fld Crum et al
1l973), and Brldel 61803) exoanded the genus w1th two more
- spec1es (P 1ntermed1a and P pallens), both of whlch arer

presently placed 1n the genus Bryum, L1kew1se, Hornschuch

_(18l9), u51ng the same. generlc crlterla,‘descrlbed 14 new

e
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SpecieS'of Pohlia) most of whiCh are.presently considered

closely related to, or conspec1f1c with Pohlla elongatd

" Hedw. Br;del;(1827)tand,Schwaegr1chen (1830) further ex=

%l

S Webera“and'MnLobryum (c1lla not appendlculate) and

:panded the_genus éohllai yvaddfng'specieSjwith‘réduced
'endostomesy_several of.w'ich are presently'classified:in4‘
Bryum. o Can | | “
fBruch’lschiﬁper'and:Gumbel (1839) returned'tola nore‘f‘
lnclu51ve concept of the genus Bryum, leldlng 1t 1nto sub— B

groups of undeflned rank based malnly on dlfferences in-

endostome morphology Thelr cla551f1catlon recognlzed four

o major;groups w1th1n Bryum; ptgchostomum;-w1th‘thevendo='

-stome and eXostome‘mdre or:LeSS‘united lacking cilia;*’

Cladodlum, with* free exostome and endostome, lacklng kor’
rudlmentary)‘c1lla, broad leaves and short capsules,
Pohlla, w1th free endostowe and.exostome; no c1llaf_long,g.,"
narrow leaves and elongate capsules, and a fourth group
posse851ng c1lla,_whlch they further subd1V1ded 1nto o

Leptobryum and Bryum (c111a appendlculate) Thus,»the.presentﬂ

’ day POhlla spec1es were placed 1n the subgroups Poblla,

- Webera and Mnlobryum of the genus Brgum Brgum annotlnum;

”",w1th whlch they were famlllar, were lncluded in the Webera

and B 1udw1gll var grac1le, the two propagullferous taxa :f
group ‘
Muller (1849) applled a 51mllar, broad deflnltlon to*”z,

the genus Bryum, leldlng lt 1nto Ac;dodontlum, Brachgmenlum,“ﬁf
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'Ptgchostonum,'Pohlia, Webera'and7Brgum,‘based-on features

of the perlstome and 1nflorescence The propagullferous

taxa (B annotJ.num and B //Edw_lgll var. grlle) he placed

2

%1n .the. Webeta group, and recognlzed Pohlla by its narrowly
perforate endostome segments and . rudlmentary or absent

cilia.

7
o

In"hiSvCora%iarium,'SChimper (1856) elevated Webera

21

to the rank of genus, leldlng it 1nto the subgenera Pohlla"

(Wlth w."acumlnata, W, polgmorpha S elongata and

longlcolla) anﬁ Webera, 1nclud1ng the remalnlng spe01es.-

‘hav1ng a- less reduced endostome

L&

Llndberg (1865)'~hav1ng dlscoyered,Ehrhardt'so(1779)p

v“apollcatlon of the genus Webera (asvdivergent from Hedwig'sf'

~suggested us1ng Webera for the present genus DlphySClum,

hbecause he dld not recognlze HedW1g (lBOl)bas the_nomen—.~
"clatural startlng p01nt for mosses.
'In 1871 Llndberg publlshed (as a nomen nudum) the

gname Lamprophyllum, maklng new comblnatlons for the

v'

'1;spec1es whlch earller authors (e g‘ Bruch et al 1839) hadnﬁfi_y

-'placed in Webera and Pohlla (as genera, or subgroups Tl

'4:w1th1n Brgum) Llndberg (1871) used the genus webera for ,;

:wg se531115 (—‘DlphySCIUM fOllOSUm) Tbe genus Lampro— f'xu

: phyllum‘Llndb lS 1lleg1tlmate because 1t 1ncluded the '

fgtype spegles of Hedw1g s (1801) genus Pohlla (P elongata),i:’fp’

3fand was therefore superfluous when publlshed (artlcle 63)
¢ o ) C /

JhghFurther, Lamprophyllum Llndb 1s~a;laterhhomonym'of_f5

To

7’
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Lamprophgllum Miers (1854 , although Llndberg seemSjnot ' %t
to have been ‘aware of thlS fact o f‘ . o
. ;

In Musc1 Scand1nav1c1, Llndberg (1879)‘reduced\

N

_Lamprophyllum to a subgenus of Pohlla, dIV1d1ng the latter'

1nto the subgenera Eupohlla-(SlC) and Lamprophyllum (Stlll_

Fa

as a nomen nudum) ThlS subd1v151on 1s essentlally the

-0

Lsame as that proposed by Schlmper (1856 l876),41n whlch
he lelded the genus Webera 1nto the subgenera thlla and
:Webera (~-Lamprophyllum) Thus, Llndberg 1879) modlfled
fithe 01rcumscrlptlon of Lamprophgllum to exclude the type {t;‘"”

'spec1es of POhlla Llndberg (1879) further subd1v1ded hlS

. .
,subgenus Lamprophgllum 1nto the sectlons Par01cae, DlOlcae, '

land AutOJCae »In 1882 Llndberg descrlbed the new spec1es, s

CPL erecta Llndb., prop051ng a new subgenus Cacodoni{asla

“hnomen nudum) to 1nclude that spec1es Wlth 1ts erect f };;*-a'

'-capsules and reduced endostome -

leprlcht (1892) descrlbed Mnlobrgum vexans erpr

-

g as new to 501ence, erectlng the genus Mnlobryum to accomo—“
. ; K

hhgdate that SpeCLes plus Pohlla wahlenbergll (as Mnlobryum _i”‘h

.vs'alblcans) and Pohlla carnea (as Mnlobﬁgum carneum);oV':"

tfshortly thereafter, Amann (1893) reduced MnlobryUm to
f}subgenerlc status under Webera/ w1th1n whlch he 1ncluded 3“7”7
‘the other subgenera Pohlla .andlEuwebera (slc) |

Brotherus (1903), llke several European pryologlstsdh_
.p?before hlm (e g Llndbepg T87l Bralthwalte 1895), used hf;iif”fff
'_ﬂthe generlc name Webera forothe preSent genus Dlphgs€lum,':. o
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and used Pohlra for the bryaceous genus presently under

S

con81deratlon. Brotherus (1903) d1v1ded Pohlla 1nto the .

-SeCtlons Cacodon, Fupohlla (SlC) and Lamprophyllum, and

s J

;1descr1bed the sectlon Cacodon Wthh had been publlshed as

e B

a- nomen nudum by Llndberg (Bralthwalte (1895) had valldated

i~ .
s

"the name Lamprophyllum, also publlshed as a- nomen. nudum by

! < N . i

‘Llndberg) Brotherus (1903) relnstated Mnlobryum as:a

“

Vo - 3

. - ¢ . o )
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’:'propervgenusfu( f“*d la~*”x~.'ﬂ
Loeske-(lQlO) dlStngUlshed two groups of spec1es Wlthln
the sectlon Lamprophyllum Llndb ex Bralthw., the group

centered around P, nutans, and a second group 1nclud1ng the W

)

w;pus specres, Wthh he called sectlon Pohllella

Jensed (1939) treated the Pohllella group

-

S ,

-as us, and here prov1ded 1t w1thra valld desﬁrﬁgtlon.
'lifNyho' 8) fo&lowed Loeske in recogglzlng a section:

T S : / . v J ‘0

;and arranged the genus Pohlla 1nto four sectlons,,

. PR S e
LR .
=3

fPohllella, Lamprophyllum and Eupohlla (Slc)

k . L

horough re eva*uatlon of the subgenerlc cla351f1‘

rﬂti0n~o;"Poh11a 1s beyoqd the scope of thlS work .and should |
) . ,41 S ) R o
hfilbe undertaken 1n conjunctlon w1th a more w1de ranglng

:jtaxonomlc rev151on of at least aJl the North Amerlcan

'spec1es 1n the genus. For present purposes of dlscu531on,_'”

’hfhthe cla551f1catlon provlded by Nyholm (1958) LS thought

E

"to portray adequate{\\the natural grouplng of speCLes

'”'w1th1n Pohlla The propagullferous spec1es are 1ncluded 1n‘$'A
e Coe Lo f*A_"?:@ DR :
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the sectlon POhllella, whlch is characterlzed by 1ts‘g

d101cous 1nflorescence, exothec1al cells 1sod1ametr1c

to shortly, rectangular w1th 51nuose walls, stomata-

v

‘phaneropore, endostome hyallne, keeled and broadly perfor—
- ate, and by 1ts well developed but rarely revolvable

annulus Also 1ncluded in the sectlon POhllella (by

r

yholm 1958) ar% the nonpropagullferous,specresjp. eréota

Lindb. p. lescuriana (Sull ) Broth., and P. ludw1g1z

4 . . .
A . (2 . Y

(Spreng ex Schwaegr ) Broth U51ng Nyholm s crlterla, the

.'also_be 1ncluded in this section. i -

P

below. . - . o+ S

1

Annulusiabsent; capsule often llttle longer than
'and often collenchymatous, w1th 51nuose walls,‘

h?gAnnulus present capsule con31derably longer than’d f
- , 8
‘;w1de,.exostom teeth yellow to- o

' stome hyallne, exothecial cel/

v;,elongate and rectangular, w1.:

‘North Amerlcan p ~cardot11 (Ren & Card ) Broth should

W
A conspectus of the sectlons of Pohlla is prov1ded

v

"N

]

w1de, exostome teeth llght to dark brown, endostome

<hya11ne or yellow, exothe01al cells 1sod1ametr1c

AY

”,:.;.}{.i.r{,;..;fﬁ;ﬁ;{.;;..{;;}.,;.4..1{m.'Wnlobryum

ght brown, endo—-

t mostly longltudlnally

| evenly thlckened

"751nuose or stralght walls, stomata phaneroporeﬂ..,;gz
.k2_ Annulus separatlng 1rregularlyp rarely re—”:

:"volvable, exothe01al cells shortly rectangular_,y

24 ~

stomata cryptopore or sometlmes emergent..;,.u.,l.;{,,:.‘



Endostome‘segments-narrowly,perfofatei cilia absent,

W
N
@
s
1

5,

;- : «7
‘With sinuose walls, plants mostly lelcous

........».‘....‘....’..;.’... ...... e e e e e .. POhllella\" ) o,

2 AnnulusQreadlly revolvable, exothec1al’cel S
o . ) \ . . [

’ dlstlnctly longltudlnally elongate and rec- e

tangular, with stralght walls; plants mdst ' = .

’par01cous or aut01cous, sometlmes lelcous .o 30

rudlmentary,vof occa510nally elongate and s%&ghtly

nodulose,icapsule often wpth the neck as long as, or -

v o . o O
longer than the urn i.:..;,;:;,.lL..;..,....tlpoﬁfia S
Endostomeasegments broadly perforate, c1lla\long, -
S
dlstlnctly nodulose, capsule usually w1th the neck
shorter than the urn~l...}..}l;-,;f... LamproPhﬂllUM'
. . =
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MORPHOLOGY AND LIFE KISTORY

Growth~and.Reproductive,Phenoloqy'

Species of the genus pohlia are perennial plants,
continuing growth from two to an indefinite number of
'successive yeers; The prOpéguliferous species continue
growth by means of renewed apical activity, ‘and basal

(sterile shoots) ‘or subfloral (fertile shoots) innovative

“
S

branching. A single'bopulation of P. proligera in Alberta

has been repeatedly observed ojér1é two and a half year
period with,the following'observatibhs being made. By .

the end of one year's growing season, host stems in the
pOpdlatioh are of uniform height,_sveraging about 1.~ (2)
cm. high. In the following spring (May or June in Alberta),

/

new, light green shoots arise from within the turf,, orig-

inating' from either fallen propagula of the prev¢ous year,

or from the perennlatlng rh1201d system Renewed apical
actavity is also evidentuin some shoots, but growth of

young, separate stems occurs at a rapid paceh/ihd accounts

for much:of the renewed Vegetatlve growth of a given

populatlon. It has not been p0551ble to- dlstlngulsh between‘

the possibilities of new shoots arlslng from the rh1201d
system versus their orlgln from fallen propagula, and
germinating’propagule have not been demonstrated for this
species in ‘the field. Maximum‘stem helght is reached by

mid to late July, and growth is slow,or abse%§ for the

26
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remainder of the growing season (first frost often occurs
N ‘ ’ f
in the first week or so of September). Young sporophytes

are evident by late June - early July,’and:are mature and

deoperculate by the first of August. Continual'observation

has not been possible for other propagullferous spec1es,

1 but in western North America, me1051s in all speC1es is

'roughly synchronous and occurs in July and August. |
Populations of the propaouliferous species.are gener- -

ally limited in size,

¢ often occurring in turfs of approxi-

‘mately 100-200 cmzﬁ often with several such patches
N .

'_growing separately but closentogether in a given hahitat;
Large; expansive’pOpulations occasionally cover an entire
roadbank (for example), but these\are:the excepti&n rather
than the rule.'In'favorahle‘haﬁltats; pP. filum sonetimes

forms an extensive ground cover'oftmany square meters and
this species forms large.populations;more frequently than

, : . =
others. ' , ’

1
£

,General Habitv
Spec1es of the propagullferous complex vary in the

general habit of their gametophytic shoots from P. filum

&

with its slender stems and erect,.more-or less imbricate ;

leaves at one extreme, to P. bulblfera with 1ts short
s '

stems and leaves widespread to almost squarrose, at the-

other extreme. Pohlia filum is usually easily recognlzed

in the absence of propagula by its efect leaves. In shaded;




scarcely»overlapplng;on the stem. thlia bulbifera is

characterlstlc with 1ts w1de spreadlng,,often yellow green
leaves. Pohlla prollgera ‘and p. andrewsll~are Slmllar “in
_'general appearance w1th the leaves erect spreadlng and over-
‘lapplng such that the ax1llary propagula are not readlly

observable in the fleld The leaves of p - annotjna and

P. camptotrachela,~on the other hand varefmore wide-.
. .

28"

spreading and distantly spaced, and the ax1llary prOpagula =

A
,,,,

]

are ea31ly observed under a hand lens in the fleLde,POhlla

tundrae varies greatly in hablt but in tundra.S1tuatlons,'

>,

where 1t is by far most common, the plants form low,

compact tutfs, and the leaves ‘are erect -to sllghtly ‘spread- "

~;1ng -The large propagula (300 600 um long) of thls species
extend obv1ously beyond the erect leaves, and make this
.SpeCleS readlly determlnable 1n the fleld In less extreme
: habltats (e.g. subalpine stream margins or rOadbanks),v '
p. tundraé grows more loosely and elongate, but the large
propagula ektendlng well beyond the leaves are dlagnostlc
Pohlia andalu51ca is a slender plant with erect to more or

less spreadlng leaves, and characterlstlcally has a cluster

of obconic propagula emanating from a 51ngle (or two) upperv

-~

leaf ax1l( ). Pohlla drummond11 has w1de spreadlng leaves
(when moist), and the abundant, red, oblong, bulblform

propagula ea51ly dlStlngUlSh thlS species. When dry, the

>

. o]
s
et
e
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-leaves are more erect, and are usually strongly carlnate

3

lee many spe01es of POhlla, ‘the. propagullferous

¢

specres are qulte varlable in terms of the degree of

'elongatlon of thelr shoots, this character varylng con-~

2

tlnuously in response to mlcro enVJ.ronmental factors.-
Pohlia annotina and p. prollgera generaily grow in. protected

-nooks and crev1ces of roadbanks, etc., and are- rarely found

i
:

1n very exposed sunny 51tuatlons Consequently, these

'?‘spec1es do not form the very compact Xeromorphous turfs

n

xwhlch are. sometlmes developed in: other spec1es Occa 1onal~

-

alplne or subalplne pOpulatlons of . prollger Are more

t f. tundrae Or“P drummondll. Po »1a annotlna doesfnot Occur
in tundra 51tuatrons 1n Nort kAmerlca and therefore does

not form equlvalent alplne'habltat forms.'pohlla c;mpgoék,
1trachela and P. annotlna are’ qu1te 51m11ar in- hab t and
stature when grow1ng 1n 51mllar habltats.‘However/ P;'
fcamptotracheia often oc urs 1n more e#posed more gravelly,'

\

1ess humus rlch 51tuat‘ons than does p 'annotlna,'and the

’more xerlc nature of 'ts habltat 1s sometlmes reflected 1n

3 more compact growt form as compared to P. »annotlna




appl
P

. “ Py \ L r
T '_rOth.lJ., ' m@a‘\and,P. annotlna were of en.

' habltat modlflcatlons of thlS sp‘

were compactl(‘. glareola), 1ntermed1hte (P

P annotina).Or»laX‘and*elongat

‘L“ olants are generally elongate w1th more or less spread}ng,'niﬂiuLVWp

strongly keeled léaves and abundant propagula,kwllleﬂélplneﬁ

/

pOpulatlons are typlcally compact, w1th more erect, more d{ij@

. »‘:.-“
W

"ooncave, less dlStlnCtly keeled leaves and few pro agff

P )

Intergradatlon betWeen these extremes aopears completely

S AR e
fw.‘;pgj COnt;nuous, and alplne plants grow1ng 1n protected de-.w L
E pre551ons or on the leeward 31de of w1ndbreaks often

—

approach lowland populat1ons 1n morphology Pohlla andrewszlﬁ«

£l

';gfoften compact and dense, llke p tundrae However, plantsff?

A ) i L

':nght level low,‘are often robust and elongate,aand can

v

’“‘actually be larger th&nﬁany of the other propagullferous

| *iispe01es. Pohlla fllum 1s typlcally elongate (l 2 [61 cm._};pflw

-hlgh) when sterlle, but can occa51onally become more

. "":

'-compact 1n exceptlonally dry habltats. Thls specxes lS

o rather unlque among the propagullferous taxa 1n that
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1rmod1flcatlon 1n response to moisture stress usually ‘occurs

"1n the 51ze and arrangement of the leaves rather than in

0 the relatlve elongatlon of the stem (see above) ln_p;

'“tfllum, 1t 1s generally the size of the leaves, rather than_

'1[5fthe degree of stem elongatlon wthh determines whether the

‘ ﬁfleaves are 1mbr1cate or remote Flnally, p. bulblfera is

€frather unlform in stature, typlcally belng less than one’

3-.o'cent1meter tall and I have never observed thlS spec1es'

”f{formlng elongate growth forms much over that height.

Presently, I have not recognlzed any subspeC1f1c taxa

' ';};based on phenotyplcal habltat modlflcatlons Some earlier.

Vi:authors have formally named many of the elongate or compact

B Hl'fexpre551ons of these Pohlla spec1es (as well as most other

I

rln the genus), but these entltles should only be

~fispec1e;‘

1u;con51dered 1nformally In partlcular, Loeske was fond of
“f:g1v1ng taxonomlc reCognltlon to extreme modlflcatlons of

»;a varlety of Pohlla spe01es He (see Loeske 1909 and

l'.

"7_Loeske in. Bauer 1909) descrlbed compact alplne modlflcatlons s

'fbyas the varlety carlnata,{and referred to lax,velongate

'Ufpforms as theavarletles elata, flla or elongata It seems‘

.di_that Loeske was well aware that these plants represented

f

‘3{noth1ng more than habltat modlflcatlons (standorts

%

‘ MQ&Abanderung, cf Grebe l9Ol)L but he Stlll felt that they'

‘,warranted some klnd of nomenclatural recognltlon For o

t;”example, he (Loeske 1909) noted that P drummondiif(as”
'f‘“P. cqmmutata),, . Obtuslfolla (as B. vcucu11ata),

i



P".“anda_lusica, ('as»P. ‘ roth'il'.)‘.a_n.d‘P_. filum 'V.('asl ‘P" graC’llvl:is'.)
“could all form eohvergent- compact alplne, carlnate forms,
and suggested that_"Sle konnen, um’ dle glelchartlge |
Enstehung anzuzelgen, als V. oder f. carlnata der betret—-
.tenden Arten bezelchnet werden" (Loeske 1909 P 338)

: Usually,_when Loeske was referrlng to what ‘he’ apparently
con51dered a habltat form he prefaced the eplthet w1th
an amblguous de51gnatlon of rank (;\g V. oder £. above),
a. practlce Wthh sometlmes causes confu51ng nomenclatural
s1tuat10ns‘(cf artlcle 35 ICBN) In ‘the case guoted .
above, the rank of the eplthet Carlnata 1s uncertaln,uu%i“

although 1n other 1nstances (e g. gra6111s f elata"7

Loeske), Loeske clearly 1nd1cated the rank at Wthh he

1ntended the eplthet when publlshed
'VrBranchinq Patterns' Sk
I . L _ A : _
. Branchlng patterns may prove to be of con51derable'
, SR
"value in. subd1v1d1ng the genus Pohlla 1nto natural

- assemblages of spec1es Wltn:n the>propagullferous complex
bspe01es can be characterlzed by the mode of branchlng of
l) sterlle shoots,:and 2) fertlle shoots -oterlle shoots.‘.
.h‘of all.the prOpagullferous spec1es are usual&y unbranched
although each does produce a- 51ngle 1nnovat1ng branch near
the base of the stem on occa51on leerse, w1th respect

. to fertlle stems (bearlng gametangla and/or sporophytes),

perlchaetlal plants are usually unbranched but the stems

(Loeske l903,'pg:22l).

.32.
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may. have one or, rarely two, subfloral 1nnOVat1ng branches
‘ on occa51on Per1gon1a1 plants of p. drummondli,ﬁp.;filum,
"'P. andalu51ca, P,_bulblfera and p. tundrae brandh bhééu
‘( tw1ce) below the perlgonla falrly frequently, whlle
vprollgera,'é..annotlna and Pp. Camptotrachela very rarely
db{ I'have observed branched perlgonlal plants in P
yprollgera fewer’ than f1ve tlmes, and I have never observed
‘f.them in p. ‘annotrna or:P camptotrachela |
There.ls some correlatlon between the mode of branch— -

ylng of fertlle plants and the ontogeny of propagula in @f‘/

sterlle plants The tendency (and it 1s only a- tendency,

L

_w1throcca51onal exceptlons) 1s for spec1es w1th less reech'_g

. duced prOpagula {ie, morexbranch llke, Wlth broadly

’flamlnal leaf prlmordla,vsee sectlon on propagulum morphology)

',to haye male plahts wthh regularly branch below the

’ . [ - : -
'_1fper1gon1a If the large, more dlfferentlated propagula are
e
-jcons1dered prlmltlve w1th1n the complex (see below), then

rﬁone mlght suggest from thlS correlatlon that branched
'f“perlgonlal plants are also prlmltlve w1th1n the group, andk

~

Z[Jthat the reductlon 1n propagulum dlfferentlatlon has been

~accompan1ed by a reductlon in . branchlng freguency ofv

’-b_ perlgonlal plants It is of 1nterest that P ludW1g11,_

- whlch Nyholm (1958) con51dered closely related to the:

’jpropagullferous spec1es, has stems that are more hlghly

'vbranched than any of the propagullferous taxa It ‘is then fg

“p0551ble to speculate that the ancestral prOpagullferousﬁ' d7

: A
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- .
vn..\

Pohlla evolved from a more hlghly branched pla&t perhaps

O 51mllar to present day p. 1udw1g11._It may be further_hv

_ envrsloned that evolutlon occurred via the suppre351on of

-

aX1llary branches to form branch llke dec1duous propagula

(cf. P.Hdrummondll), and later, w1th further reductlon,

7
/

to form the clustered propagula of the more reduced spe01es'

(see pages 46 57)

: ngmentationlhy.,_” -:fx T ;~

: : ‘ _,‘ . v . : : S :
/
As in many spec1es of mosses,-some members of the genus

POhlla develop characterlstlc, though subtle,_dlfferenceslj

1n plgmentatlon 'For example, P.‘ludw1g11 1s usually

_0

| recoghlzable on the ba51s of the plnk coloratlon of 1ts;w.7‘

lower, old leaves. Wlthln the propagullferous complex,

dlfferences 1n plgmentatlon can be useful 1n determlnlng-

problematlc spec1mensu The red coloratlon characterlsﬁﬁai“-ﬂf,

v,g,u S #

',,of' drummondll propagula and stems is the most useful

N
fleld character for recogn:zlng thlS spe01es The pro—gl'@

\A,

pagula, when well deveIOped (they are green when Very j;‘v_

R /.

young)--take on a cherry red hue,rthls feature*maklng f

:.n' ;

the spec1es recognlzable w1thout magnlflcatlon. Pohlla filum'u.

g

L and P,;drummondal both have stems whlch often{ but not";”

KA

~hf‘always, turn nearly black when dry Whlle stems Of the

vy \ ;

other spec1es remaln green, orange or sometlmes become"*”

‘“;,red or black at the base, but rarely become black for‘f‘

_4

e

most of thelr length Stems of p. fllum;areﬁgreen?to'more ;fq7f:_;{f
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-

or. less orange except near the. base when fresh and can
~"usually be . dlstlngulshed readily 1n the fleld from thei~

more red stems of p. drummondnl The latter spec1es, 1n

M
o

terms of stem color, 1s more 51mllar 1n appearance to

* -

Pohlla Vexans (lepr ) H. Llndb Slnce stems and propagula‘

. of'both ;pj. fllum and p drummondll often ‘become ablack
) . - TN )
when drled th1s charécter state may be less useful Wlth

-<'.\

herbarlum spec1mens,,however many spec1mens of P drUmmondll_i
(at least the propagula) qulckly regalh thelr red color ’
. .

when mo;stened leferences 1n stem plgmentatlon in the L
other propagullferous spec1es 1s‘less pronounced but
propagulum color 1s ofte& a valuable character.‘See under

k3

. the approprlate spec1es for dlscu351ons.,}¢‘ . ;p,'w.‘p=L

wu . - L L L : e . (-

P

. LR . - . 3 . PEA

f Certaln members of the genus Pdhlla are con51stently
, B ".
dist1ngu1shable by the characterlstlc sheen of thelr leaves
r : ‘

- when dry Wlthln the sectlon Pohlla,._ elongata and
,; P; longlcolla are two 51mllar speC1es wh;ch dlffer notlce—; - ,

{
ably 1n leaf sheen (among other features) leew1se, 1n
the sectlon Mnlobrgum,'bl.vexans Wlth 1ts glossy leaVes,ffP

“is ea51l/ separated from such related spec1es as P, -3l,3§a

’vwahlenbergln# P fcarnea and P atropurpurea, whlch have

r ] ,:

-dull-ieaves. From the sporadlc occurrence of glossy leaves

Y
. S

1n w1dely separated sectlons of Pohlla, 1t can be

C suggested that thlS character state has evolved 1n the S
Ll ; , S .
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» ) ’ A' . g
‘genus mere than once. '
Wlthln the propagullferous complex~ leaf sheen can .

be a valuable character w1th whlch to dlstlngulsh spec1es.

Y [}

Pohlla prollgera, P “’andrew511,_?,P.‘.t'undrae., P. bulblfera
e and p. drummondll have leaves Wthh are con51stently

f?_ glossy when dry Pohlla annotlna has leaves Wthh are.
- 5 o _ |
' cons1stently dull .The leaves Of‘P ’camptotrachela are

almost 1nvar1ably dull and very 51mllar in appearance to

a{

those of P.vannﬂtlna, but a few spec1mens have been ’f;»: _1vf‘ L

'\l

observed w1th a. dlStlnCt sheen. Otherwlse, the plancs are -

. % N
typlcaf}~ 1n terms of propagulum morphology) of P. campto- o

'trachela.'Poblla andalu51ca often has qu1te glossy leaves
. l,. :

but some compact, alplne, flve ranked carlnate expre551ons- '
‘_gﬁ”"f,g_ are rather dull 1n appearance. Sometlmes depauperate plants'f

’.' e e

grow1ng 1n such habltats as the expOSed sorl of frost ”;'”;qyﬂ7 o

\.,',

:=poly§ons 1n the mountalns of Alaska and the Yukon Terrltory
: : : w . : .(. ; TR
gl"h;:f;i'deﬁelop a dull almost whltlSh hue. Pohlla fllum 1s also '}': .
_‘_Hiijp?ﬂsomewhat varlable 1n leaf sheen. and even‘when present B
5?;%;1;{ the sheenvis not so str;klng because of the small srze
& hfg~and dlstant aﬁ?angement of leaves albng the_stem.;‘}!?i'

o O O
LY, : .

The reason for the leaf sheeh 1n the propagullferous.gV”"'

3 .
e

spec1es ‘is obscure. The sheeg 1s not a:

bhﬁbﬁ the plants are m01st, so the effect 1s probably the result

»Tkgj;gr_'of llght reflectance from the dry deaﬁ surface.‘Because Q}f{ﬂ;»?;ﬁiy

R

1;{;; 1lttle use 1n dlStlngUlshln? Spec1es Ln the fleld* One
. Lo .\:-‘._ N O R ‘. L L A . . “ "-‘m . - N N LT
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regularﬁthlckenlngs on. the surface of-

but no such structural feature has yet been'

)] 4,

v. ) . A . ) »,' ) N ( . v ) -
prolig and it was thought that this could be the cause
'\ 1ofi§los bess ‘in thiS“species’(ﬂig -ll‘l). However,,this
'same cutzli o— llke coverlng wa's later observed on the

f\",'leaveSyo: -,annotlna and other nonglossv spec1es, as well
. as on the opagula of sghe spec1es. Whatever the‘structural
at )

. cause of the,leaf sheen 1s, 1ts 1ntens;ty 1s more or less

.tlon in response to mlcro env1ronmental

any spec1es whlch normally has glossy leaves,

. ....r_v
ol thlS character state 1s best develeed 1n shaded 51tuatlons.'.
R .

b

.

vThLS"
*gfl.ls MOst clearly exempllfled by p.

andalu51ca. When grow1ng
*,'ﬂn m01st shaded road51de dltches or other protected

l

(perhaps opposmte what one mlght loglcally expect)
i

PO

fag o

habltats, the Leaves are normally extremely glossy, as

Lt
“

0 Lo

S well as belng more or less spreadlng when molst and some—

\

. ERTEN | R "W"wf.ﬁ
S what flexuose when dry At the oppos1te extreme, populatlons

whlch are dull ‘and the leaves

i

appearance OPopulatlons grow1ng
"ln PnSSually*m01st though exposed and sunny srtuatlons 1n




@

'psometlmesudlsplay.

‘Leaves’ .~

'-stem apex) are narrowly to broadly lanceolate, although

,;lnlsome spec1es they may be descrlbed as ovate lanceolate l“

7:9{ cardotll),"and are, cc zonly_toothed_near»the.apex'or' ;p

occa51onally almost to_ffa"”

| probably-ihe determining faCtor;in control of leaf‘sheen in -

o

this<species _Pohlia tundrae also varies somewhat in leaf

: sheen, and the occa31onal populatlons found below treellne

1n shaded habltats have more glossy 1eaves than thelr u'7

alplne counterparts Unllke'P. anda1u51ca,(however,.alplne

B

populatlons of P. tundrae -do not take on the dull pale

appearance Wthh such populatlons of the former spec1es N

-
{

. : §'  v . : .
The leaves of most Pohlla spec1es vary greatly on a

SLngle stem,,becomlng larger and longer from the small

flrSt formed 1mmature" leaves near the base, to the full
: J

Y e

'.}SLZed leaves just below the stem apex In most spec1es the .

]

"mature leaves (those fully developed leaves Just below the -

\?

t

\". .
(e g ludngll flg l 9) Leaves of sterlle shoots have

m,

7’fplane to sllghtdy reflexed marglns (except P. ;crUdOJdes andjfr”

The propagullferous spec1es

have narrowly to broadly lanceolate leaves,(e g f1g l 7

"»:8) theSe belng rather varlable both w1th1n and among spec1es,

R
and are consequently of llttle value 1n dlscrlmlnatlng be— -4
tween spec1es N



':‘have mon—decurrent leaf bases The leaf basesdof P, ludngll

. 'are con51stently _more decurrent than those of any of the.

I

_'Leaf’Cellsg..ll“ ".‘)éi"ffl

»smooth and vary from shortly rhomblc (P Cardotl to

o , s : N 2

Leaf size 1s sensatlve to env1ronmental factors, and

"varles as much w1th1n speCles as between them The degree

/M\

‘

of decurrency of the leaves is also varlable, this character

7-’correlat1ng closely w1th the degree of elongatlon of the

stems Shoots in whlch the stems are elongate have decurrent

' leaf bases whlle comgact shoots w1th short stems tend to _

oropagullferous spec1es e
]

The leaves subtendlng the female 1nflorescence are .

gradually dlfferentlated as. lanceolate to- llnear lanceolate o

1

-hmarglns recurved from just above the base to just below
;bthe apex The bases of these perlchaetlal bracts are non—_

'gdecurrent

-
L L-.,"x»f‘br

,39

\
A

[

"fperlchaetlal bracts (flg lf 1- 6),ﬂ and commonly have the | o

The upper medlan leaf cells of alquohE%a spec1es are‘Qt

Lom

<
1 .

3elongate or llnear hexagonal ,In some spec1es, such as”~

.‘P.,nutans and P 'elongata, the cell walls are strongly'"

E 1ncrassate, but in most 1nclud1ng the propagullferous

. dog
Ry L s T

(I s ’ './‘M

Th;taxa, they are thln-walled The propagullferous spec1es

' all have elongate hexagonal to llnear hexagonal upper cells

e » >

.(flg lﬁ lO), and more or less elongate rectangular basal

‘:fcells (flg l ll) As there 1s a great deal of varlatlon

. ,},_



within a srngle leaf and among leaves from a 51ngle
populatrén, leaf cell shape is of llmlded value in identi-
fylng sQéc1es of the prbpagullferous complex However,
'-the follOW1ng tendencies are worthy of note. Of ﬁ.'drum—
mondii and P filum, the latter species generally hasf
shorter, slightly broader cells. Leaf cell length-width
ratio seems'to be correlated with leaf length—width ratio,
hovever, so forms of P. filum (growing in moist habitats)
with large, well developedxleaves have cells which
completely overlap in shape with those of p. drummondii;f
Of P. annotina and p. proligera, the former tends to have
shorter, broader, less frequently vermlcular cells, but
considerable overlap dpes joccur, as with R. filum.andh

p. drummon;iiprohlia E\\_& ‘

ndrgwsii also tends to have some-

ves P. proligera, to

what shorter, broader cells.than'
which it is similar in its medi to robust stature and
fglossy leaves, but again the distinction is obscured by
,con51derable overlap Some collectors have confused sterlle
torfs of P. elongata or P. nutans with P. drummondii, but
the former species are readilygdrstinguished by'their <
: incrassate cell'walls and dull often strff looklng leaves
The cells of the perlchaetlal bracts of P. dnnotina are
,sometlmes sllghtly more 1ncrassate than thoseoof leaves

on sterile plants, but do not approach those of P. nutans 3

or P. elongata.
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Costae T ‘ \

\

- Members of the'Bryaceae\have single, well—developed ’
costae, extending to mid-leaf or beyondf Unllke many species
of Bryum, the costa of most Pohlia species ehds 2-6 cells
before the leaf apex'(the European p. marChlca, is reported
Ato have the costa sometimes shortly excurrent, Nyholm
1958). Among the propaguliferous Species, P. drummondii
and P. filum tend to have shorter costae}lendlng‘4-6/cells
below the apex, than do the-specle57With‘cl tered propag-
ula; wh%chuhave the costa ending within 27§:glls of the
apex. However, this is of little practfcal value in

¢
determihing specimens.
. ’ L4 .
The anatomy of the Ccosta in transverse section is
uniform within the propagullferous complex, and seems to

be so throughout the genus Pohlia. The costae Of leaves.

_on vegetative shoots appear rounded adaxially (ventral)

the base of the leaf, the costa has two to four well
; : i

marked gulde cells extendlng from lamlna to lamlna, and

and strongly convex abax1ally (dorsal) (fig. 2: 3). Near 1:\§\
‘ }
\

a greater or lesser development of thlck-walled stereid
cells abax1al to the qulde cells. There may also be a few
stereids on the adax1al side of the gu1de Cells. Alohg
the adaxial surfaces of the costa, the cells are typlcally
larger than the adjacent sterelds,‘but not so large as

the central gulde cells (flg 2: 3); The guide cells

extendqwell up toward the 1leaf apex, gradually becomlng
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?

less dlStlnCt and flnally dlsappearlng in the upper thlrd

of the leaf (fig. 2: 1-3).. The cells of the lamina are

. somewhat irregular ln'shape, and a few often bulge adaxially
or abaxially. The bulging’shape‘results'from the cell it-
self, and is not because of‘a thickened cell wall (fig. Q:d
3) . The costae of perlchaetlal bracts are more strongly
developed than those of sterile plant leaves (fig. 2: 4).

In shape, they are broader and less rounded- convex
ahaxially, and the stereid cells are considerably more

Ideveloped.

Stem.

- Like the’costa, the stem in ‘transverse section’appears
to be uniform throughout the propagullferous complex (fig.
2: 5, 6) It appears roughly pentagonal in shape, averaglng
abOut 0.3 mm. in dlameter near the base, gradually dlmlnlSh—

1ng in size toward the apex (flg 2: “6). In general anatom- Y

\
‘ical plan, the stem is 51mllar to . the seta (see elow),
"con31st1ng of a rather abruptly dlfferentlated central
strand of small hyallne, thln ~walled cells (often
collapsed), surrounded by larger, g}allne, slightly
thlcker—malled cells. These* in turn grade'into‘2—4f(6)t
layers»of‘thick-walled, pigmented cells. In é} drummondii,
these latter cells are red,lln the‘other.specles they”are-
more often orange or pink'(cf above). The cells around the"

perlphery of ‘the stem are smaller, and very thlck—walled
. ]

3



43

In the angles of well developed,.pentagonal stems,vthere'

- often exists groups of small, notably thick-walled cells.

' Perigonial Bracts
‘The morphology of the perigonial plants:differs

between propaguliferous species, and these can sometimes

BT
I

be of great value in determining difficult specimens,fw o
especially when the plants are fertile and propagula-are
scarce. Each species has terminal, bulbiform perigonia on

either unbranched stems,‘or the stems may be branched

N
\

fonCe,\or rarelyrtwice, below the lnflorescence (see previouS'
section on'branching) The perlgonla are surrounded by a . “
few. leaves which are larger, but. otherwrse similar in

:shape to the lower stem leaves (flg. 3; 1) and 1nternal.

‘to these.occurs a Series of»gradually differentiated

o perigonial bracts (flg -3 2¥6).‘The outer bracts‘(flg ‘3

3) ‘are more or less narrowly acumlnate from an ovate concave N
' base, and these grade 1nto the 1nner bracts ‘which have the ;
*broad base, but lack the elongate acumen (fig. 3:,5,”6): )
When dlscusslng spec1es—spec1f1c morphology'of th;,perif |

@onia,‘it;is most useful to CQmPQrefthe outer bracts (e.qg. .

'fig. 3: 3) as a Standard of”reference,'as.allltheﬁspécies
_haVe broadly concave,lacute, inner'bracts (fig " 3: 5, 6)
When Hagen (1899) publlshed the name Webera torrentlum
BN

(= P. fllum), he brlefly dLscussed the morphology of the

perigonlal_plantsvandisnggested that thegshape of.the

r
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[

n

[}

7perigonial'bracts~is°useful'in 1st1ngU1sh1ng P

dnummondii'

from p. filum (as we. torrentlum) ACCOrdlng to agen'(1899

p 112), the: perlgonlal bracts of P fllum are abruptly :f

LN

narrowed to a short trlangular acumen from a broad

\0' - ;

,strongly concave base, whlle the bracts of%p drummondrl_i'g

are longer and llnear lanceolate from a srmllar concave

’ ‘,“-.

base. While p. Afrlum does have outer bracts whlch are;

oonsrstently shortly - acute from the ovate- concave base

_(flg 4: ll), P. drummondll is varlable 1n thlSrrespect
:;and can, sometlmes have bracts whlch are almost as short\

\

as’ those of P. fllum (flg 4: lO)ailn general the overall_

N

laxness of a plant of- any of the propagulrferous spec1es
, .
is shown in. the length w1dth ratlos of 1ts leaves, leaf

cells, sometlmes propagula,,and also the perlgonlal bracts. |

" That 1s, a populatlon of P. »drummondll growrng 1n a, shaded

habltat w1ll have relatlvely long leaves, leaf cells and

also perlgonlal bracts Plants of P drummondll grow1ng din Lo

£y

t &
“exposed alplne tundra generally have short stems, broad

g.leaves, short cells, and short,'abruptly acute perlgonlal
_'bracts llke those of P. fllum-(flg 4{ lO) leen such .
overlap in perlgonlal bract morphology, my observatlons
:'agree w1th those of Hagen that male plants of p. fllum and o
drummondll are often useful in dlstlngulshlng these |
spec1es.
Most other propagullferous Pohlla spec1es have outer’

‘perlgonlal bracts Wthh vary from shortly acute to longly



tmjspreadlng than 1n the other spec1es, and so the perlgonla -

: acuminate.lThese inClude'P; andrewsii, P.‘tundrae) P.
.-proIigera'and P. andalu51ca3(f1g 4). In each case, the '
'general laxness of the plants is. correlated w1th the

'degree of elongatlon of the perlgonlal bracts The most

»f‘typlcal condltlon, resultlng from. the most frequently

aencountered ecologlcal 51tuatlon 1n these spec1es,'1s to
have bracts wthh are shortly acumlnate (fig. 4:‘255,’12),v
:and that the less frequent narrowly and longly acumlnate

- bracts reflect an unusually shaded habltat (flg.‘4:‘l, 6,

45

l3). Pohlla annotlna and P camptotrachela both COHSlstently

!;have outer bracts whlch are narrowly acumlnate from an
ovate, c0ncave base~(f1g 4; 7;‘8).MI.have'never observedf
- short (outer) bracts on elther speC1es even though

;vpl camptotrachela sOmetlmes occurs 1n exposed sunny :

flhabltats It is probable that 1n these cases bract morphol—'

ef.ogy 1s more rlgldly flxed and less plastlc than ln the
Wf’other spec1es The long acumlnate bracts of 'P. annotlna

'“fmake the perlgonlal plants very consplcuous, and led

yLJH Llndberg (1900) to propose the name P grandlflora for o

f.plants w1th thlS character state The perlgonlal plants of

”iﬂéu bUlblfera are qulte dlfferent from those of the: other

’V'propagullferous speCleS The outer bracts are more w1de-'"

"ytend to appear dlSCOld rather than truly bulblform Inbn'
afygross form,,they resemble perlgonla of spec1es in then

,sectlon Mnlobryum, although they are cons1derably larger
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‘Propa‘ula"'

Po lla cruda, when lelCOUS, also has perlgonlal plants

“whith have the outer bracts more. or less w1de spreadlng

fonlyyonp propagullferous spec1es (e g Leers l775 Hedwig'“
'1801); C rrens (1899) was. the flrst bryologlst to culture
' llVlng propagullferous Pohllas, and recognlzed 5ix . spec1es

on the ba51s of dlfferences 1n ontogeny of the propagula'_.

e |

/o

(1976) have conflrmed the spec1es spec1f1c nature of pro—h1f

pagulum morphology ln European members of thlS complex by:

means of culture studles Taxonomlc and nomenclatural :..“‘

’l'confu51on has arlsen because of 1nadequate descrlptlons of

these taxa, and too often descrlptlons have confused the

manner 1n whlch propagula arlse, w1th the manner 1n Whlch

they may,appear at certaln tlmes of the year In some

‘~spec1es (e g. ; annotlna,_P; anﬁaluslca), propagula

1-:

‘contlnue developlng whlle they are attached to the sbem, R

whlle 1n Others (e g pP. fllum, P,'prollgera) they Change

- llttle after thelr 1n1t1atlon (see below) Whlle 1t is

: useful and in fact essentlal to descrlbe the varlous'

' ways 1n Wthh propagula appear and change through tlme,‘f’

the propagullferous spec1es can best be deflned by the'_f

orlgln and dlStlnCt pathways 1n Wthh thelr propagula

46

| More recently,_wllczek and Demaret (1970, 1974) and Lewis R

Sa



":?older shoot of p. andalu51ca may appear very 51mllar to

. i ) RO " . . : . o ) , "“-:,)\."-‘

.develop Several spec1es have contlnually been confused

oy .

" because although they have propagula Wthh arlse in "Jl'

,.-\—

.dlfferent manners, these propagula may converge 1n many J.ff :

features at varlous stages of development To-olte one: -

example, the propagula of P ‘andalu51ca arlse Ain clusters’~?

LR

f 1n each'leaf ax1l and when young, appear obconic w1th theu'

leaf prlmordla CODSplCUOUS, but restrlcted to the aplcal

a &

- .

reqﬁ?n'(flg 5{_l,~ , 5) However, spec1mens collected'

later in: a grow1ng season sometlmes have only a 91ngley~‘

Y

larger propagulum, or twoior three,’scattered 1n one to;gi

brseveral leaf ax1lsf(loWer leaves,»flg S. 5) Upon'

- o : R

m“collectlng such a plant 1t is’ p0551ble to descrlbe

»:P; andalu51ca aé~hav1ng the propagula borne 51ngly ln

b-ieach leaf ax1l In fact they had actually arlsen

q‘ln clusters, w1th most of the smaller propagula haV1ng

"already fallen from the stem Pohlla fllum,'ln contrast,j;
lhas prOpagula whlch actually do arise 81ngly 1n each leaf

",ax1h7»and-evenvwhenfyoung, these appear rounded bulblform

s/ © ‘e P

'lf_w1th several aplcal leaf prlmordla (flg 5* 6 9) Whlle a7gai;:__hrff,f3
'llcomparlson of young shoots of p andalUSLca and p fllum

”presents no problem in dlstlngulshlng the two SpeC1eS, an~*'l

fllum because of its 51ngle, bulblform propagula .This i u; 'g"g -

klnd of developmental convergence, however 1s not to be

\ . L . \:k&:.o

(3

' &
confused w1th aCtual intergradatlon between the two spec1es,

w1th 1ts 1mpllcatlon of genetlc 1nterch%nge.»'

-

B
. . . ‘.



PR TP ' i ‘vf.“ EESER T “ . —
el All spe01es presently recognlzed as. dlstlndt have been
”*if'.ft!'“et «.-‘_,, :

(R S
grown 1n controlled env1ronment faC1llt1es, and an’ attempt St

‘rx' . 9 . e,‘ T

R was made to formally deflne.each on the ba51s of the_j‘
}fjspec1es speglflc developmental pathway whr@h characterlzes

- L '. ‘Q ‘_"__ T
Lt s LN IN

.

T

\@ropagula of speCLes 1n the sectlon Pohl

PRI S
C e .

‘Z'arlse 1% one of two ways n drummondll and P fllum, : b
. xz,,.," et

1ella may

: they arlse 31pgly 1n each leaf axll (rarely two per axll)

v

'?wHile 1n the«nemalnlng spec1es they°invar1ably arlse 1n4d

propagula R

>4.~‘.
4 v.v' J ;

,': ' S : SN
of;all specles are 51mllar They con51st of a more or less sl TS

EEE TN

degree of dlfferentlatlon of the propagulum body, and 1n

§the mode of orlgln and subsequent development of the leaf

'-prlmordla Spe01es also dlffer 1n the degree of translucency
f ﬂf‘l of thelr propagula, but such dlfferences=are not absolute _ff,~§f?ﬂ‘
e gand are of less dlscrlmlnatlve value than the dlfferences
PR 3 S m v

%

v

:z;.,f' 1n ontogeny (translucent propagula are
Co e 1 S . B

i_;f}" the exterhal cellular outllnes whlle the more opaque pro—

«allustrated show1ng

- pagula are shaded) fﬁf»gj' u,g;*;' ) -i ‘»ﬁ ‘T}
L AR S o AT
S The propagulum body conslsts of a mass of thln—walled
uf{f*u cells whloh yary 1n shape from 1sod1ametr1c (fig.‘6: 9-11, . '
.EfgéfQ'“ BRI . o
e 20) tQ elongate rectangular (flg 6 l8)”or'almost
%;‘”k" SOA ‘



\ : o, '\\ : . 49
llnear vermlcular (fig. 6: 5). ThlS degree of cell\%ar e
elongatlon often determlnes the overall shape of the - LT \{§f.

<ﬁn:opagulum In some - spe01es le g P, prollgera flg 6w 13=, vii'Q;;
18), the body cells are llttle affected by the env1ronment
b
’appearlng con51stently elonqate,/ln other spec1es (e-g _fﬁ;'{
_P; camptotrachela flg 6% 9 12)'~they are equally unlform,_'
) but. lsodlametrlc to shortly rectangular whlle r; strll |

others (e g P. . annotlna flg 6}5148X} they are qulte-‘

'varlable,'appearlng 1sod1ametrlc 1n some populatlons T

.;-r(flg 6 :3) and llnear rectangular 1n others (flg 6 _6);
o X .'-,'». [ ", ,n,\q S L s CLE ) ‘."\5.,:

Propagula of all specres arlse on a unl—'or multl"-g

'cellular stalk the latter types sometlme..belng as much;7

;'as four cells 1n dlameter The stalk 1n some spec1es

’
K3
oA
y

o

7,'con51stent1y remalns attached to the stem and 1s not

'{usually observed lIﬁng prollgera and P annotlna, the""

propagulum base 1s gradually narrowed to the stalk (flg 36i;;v,d}%{;£f‘

7

f}} 15)5 whlle 1n others 1t 1s abruptly dlg%erentlated ;j??rirfq

'd(e~g P filum flg 7 hlS;bpf‘camptotrachela flq ll) :if;
}JLGrowth of propagula whlch arlse 51ngly ( those of L el

p. drummondll and P fllum) beglns W1th the elongatlon and:_i157,f;{ _'5“

transverse lel&gon of a- group of superf1c1al stem cells

A :

g1v1ng rise’ to a multlcellular, multlserlate stalk (flg 7

i

vf15) Later, an aplcal cell w1th three cuttlng faces 1s-?ffvf[_f'$:;;

dlfferentlatec and subsequent development of the propagulum

>~occurs by dlv*ilon of thls aplcal cell (Correns 18993 'lf‘fff_ﬂr?ff e



-

'tIn spe01es w1th clustered propagula, a larger number of _f

L

S

- . B . . . - . Y
1 ,ﬂt . S : 5 . “ | L N " . : ";

ftraﬂsverse d1v1s10n of superflclal aX1llary stem cells,“

'ax}llary cells elongate, and lnstead of formlng a. multl-

;seraate stalk llke those of the 51ngle propagula, they"

w A A
glve rlse to many, separate propagula»(fﬁg " 23) Some'

of the elongat;ng stalk cells d1v1de at an obllque angle‘

'{'cuttlng faces (Correns 1899)

oo

(to the dlrectlon of elongatlon), such that two or three

propagUla may arlse from a common stalk (flg 6 f2}f. L
Subsequent development of clustered propagula occurs_{

through the lelSlon of ‘an aplcal cell w1th two or three

1o .
: - . - . . ) Lo

The orlgln and development of the leaf prlmordla can

ISy H
- o,

llkéWlse proceed 1n several dlrectlons In some spec1es ‘

‘u K3 E "
B e »_',,‘ : =

“ . ‘ﬂ

~,

N ! B . PR . - > .,
I . s,

z( ' drummondll,;‘-P‘{, fllum,-P.._ andaluslca arrd P bulblfera) -

the leaf prlmordlal 1n1tLals at the apex of the propagulum .

body elongate only sllghtly, and begln d1v1d1ng on a 51ngle

tfs(fig 7 shows examples of propagula 1n whlch the leaf

.9 .‘ -

prlmordla are lamlnal 1n orlgln) In other spec1es (P

‘»J"

prollgera é; annot;na)}’the leaf prlmordlal 1n1t1alst*

a"
\r“

'elOngate, but subsequent d1v131ons produc1ngéa lamlnal

o g

l-‘» R

§ s . ..7.
I s - .,.l‘

el

K

pattern of'development 1Sma flngerllke, 1e pegllke, leaf

prlmordlum (flg 6 shows propagula hav1ng pegllke leaf

v B AR

. ec
<

occur‘to ahy extent (P prollgera); The result of thls,;p'

LR

leaf llke leaf primordlum';'.

ppendage are delayed for some tlme (p ,annotlna)'or rarely

Vi\ prmerdia);QIf P. tundrae, the leaf prlmordlal 1n1t1als3_gﬂﬂgﬂ"
. (_” . . .
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hft‘ elongate as 1n the fOrmer two spec1es, but very shortly

e

,t@\thereafter they lelde, produ01ng a lamlnal leaf prlmordlum

\

;hr“the propagula are large enouoh.to be observed under'a
[ :-Hydrssectlng mlcroscope, they have-consplc&ously lamlnal
f“#d?‘t“'prlmordla. The leaf prlmordla of 5. camptotrachela do not
ihﬁ‘;‘{ rflelde produclng a 15£1na1 appendage, nor do they greatly.,
o & v .
19 . elongate l‘lke those of P. pro\ilgera\or P a;hnotﬁna, and a
?y?é_v-aythe‘result 1s an ap&cal %roup of short pegllke‘prlmordla if
;?; é;i; (fig, 6w 9 12) The orlgln of thegleaf prlmordla in P.
: ?%%‘?‘iandrews1 .exempllflesﬁyet anbther varlatlon on . thls' f
' ’:f@ntogenetlc theme.\$he prlmordlal 1nrt1als at- flrstkft
- elongate only sllghtly (cf ﬁ cambtbtrachela); anddthe ?:'J
'hypropagula of P ék%féwsll often‘appear w1th two to flvef:7§%lf-
&»Short npegllﬁe,;lncurvedAprlmordlg (flé éfrl9 Zl):aﬁ |

IR v B3 _
. -spec1es undergo a serles of antlcllnal lelSlonS such thatn»
ia lamlnal,\though 1nconsp1cuous and stlll 1ncurved leaf '»Jl'f"
ﬁ:prlmordlum 1s formed (flg 20) Typlcally,‘a glven stem_=~ L
;. "of P;,andrews11 has a m&xture of propagula present some
P dg ’ifln whlch ‘the: prlmordla have become lamlnal and others 1n
g-vh-f“»jw@rch rdla are Stlll pegllke. : ;$
to a; general ground plan common to all
; -8 spec1es and 2):1t 1s p0551ble to arrangehm,,fjﬁ,i
-,j,__ | . o ' \ . c,44 v_ . ‘@J“‘ A
B T R LIRS R AR L)
. g o e L

"ifSubsequently,;however, the pegllke leaf prlmogdla of thlS git'
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.the‘spec1es aldng a. contlnual morphologlcal gradlent from
] gthose of P. drummondll (most-complex) at one end to those
of p prollgera or P. ‘camptotrachela (least Complex) at
(the other end. Furthermore, 1t has been argued (see 1ntro—-
_ductlon) that based on’ the morphologldal unlformlty of
sporoohytes among the propagullferous spec1es, this complex
‘:probably forms a monophyletlc assemblage The questlon o
_}then, is in Wthh dlrectlon should thlS morphologlcal
gradlent be. 1nterpreted ie. dld the complex propagula' q
;become reduced through the course of eyolutlon to form ‘the~
'51mpler types, or dld the evolutlonary hlstory of thlS

'group occur in the opp051te dlrectlon,_from srmple to

compleX
v '

: Even the pre Darw1n1an taxonomlsts who studled thlS _

-group (e g Hedw1g 1801 Bruch et al 1839) compared the
f

.7propagula, both 1n pos“

‘nd 1n form to poorly developed
.branch buds, and 1mp11c1tly cons1dered them morphologlcally '
Manalogous (1f not homologous) w1th such bUdS' Correns‘ _”'

| 1899) studled the group 1nten51vely, and . concluded that )
fthe propagula are homologous w1th ax1llary branches He l:
<proposed (1899 p 158) a. phylogenetlc scheme in whlch
»Pg:drummondll was con51dered prlmltlve and P -prollgera'
,was conSLdered the end product 1n a reductlon serles HlS.f
11nterpretatlon was based on the follow1ng con31deratlons.k’
: , e :

l) The ax1llary orlgln of the propagula 1s comp@rable to

fthe ax1llary orlgln of branches 1n thlS genus 2) Propagula



of each spec1es develop accordlng to a pattern common to

all spec1es in- the group 3) Each propagulum grows by

53

‘d1v131oh of an apical cell 51m11ar to that by Wthh branches‘

\ :
develop. \4) Branches have groups of rhlzold 1n1t1als in the

ax1ls of "’ thelr leaves, and these rh1201d 1n1t1als are pre—'

©

served ln'a splraldarrangement on the propagulaveven whére

~,
P -

o

i

the subtending leaves have been reduced,~or'lost altogether.

O

Since‘the morphOIOgical gradientﬂintercdnnectihgkall
the'propaguliferous specles erists, and‘since evolution
must'havepoCCurred'in one”direction'or‘the'other,(aSSuming
the group lS monophyletlc), I feel that Correns {1899)
arguments are- both loglcal and conv1n01ng The propagula‘
5f_;7 drummond11 are 'so. branch llke 1n form, 1t is almost
. an arbltrary de0151on to call them propagula rather/than

decrduous branches. When,grown in culture (flg;;m;vQZ);
.the propagulavof P. drummondil often)elongatevgreatly;‘;l'
VLtaklng the form of typlcal ax1lla£y branches w1th well -
ldeflned stem and costate leaves (Smlth\and Whltehouse

!

‘1978‘ reported 51mllar phenomena 1n field- collected

rpopulatlonSfof the propagullferous~spec1es,ABrgum bicolor .

lecks ) The only deference between propagula of "

w;.

drummondll;and true branches 1s that the propagula are’

o

borne on a multlcellular stalk rather than belng dlrectlv J"

confluent w1th the stem Ontogenetlcally, the dlfference
fls a relatlvely 51mple one. If the superf1c1al stem cells
lemedlately form an aplcal cell d1v1d1ng along three

'S
S} :

FR.



planes, the result is an a#illary branch. 1In the case Jf
P. drummondii, the formation of an apical cell is delayed,
and is preceded by the elongation and transverse division
'of the.cells which form the‘stalk, and which also allow
the propeguLum to be readily deciduous. It should'be "
pointed out however, that although the propagula are
probably homologous to brenches, this does not necessarily )
.proVe that a "proto-propaduliferous" Poﬁlia actually had

- well developed)axillary brenches'WHich graduaily became
reduced through thevcourse of evpiutionj It is possible
that only the-axillery btehch initial was present inman
‘ancestor, and that this grodp of species evoivedwby the
productdon of only partially developed "branches", thle
other species (e.g. P. iudwigii) produced true axil}ary
branches. However, this‘possibility is a less likely
explanation for the-almost continuous gradient of propag- B >
ulum compiexity~present in this group, since'if the

immediate ancestor had-only the axillary branch initial,

then simple types of/propagula could be primiti&e, or
intermediate typesﬁ‘étc.; ahd evolgtion‘need Hotfhave ’
occurred.in one-direction'or the other.

Beyond the: 1nterpretatlon that evolutlon has occurred
in the direction from complex propagula to 51mple propagula,
/1t would be hlghly speculatlve at present to place all the
épec1es in a llnear or dendrltlc phylogenetlc arrangemeht

RS

It is more likely that reductlon haS’occurred‘along several



parallel lines 51multaneously, and consequently lt is only
p0551ble to speak of progressively advanced levels of
evolutlonr From tﬁi P. drummondii level ofwevolutlon,
P. filum propagula could have evolved by the simple reduc-
tlon in number and size of its leaf prlmordla ‘Ecologically,
R fllum often ‘occurs in more xeric Habitats than P.
»drummondll, and its more slender stems, more e‘%ct leaves,
and propagula with fewer, smaller %eaf primordia could be
Iconsidered adaptlve for this ecologlcal shift. When grow-

1ng in moist habitats such as shaded riverbanks (or enclosed

_ culture dlshes), 'filum often has larger, more.: spreadlng

’-:leaves and the propagula have considerably larger,‘more

flexuose leaflprlmordla.,The propagula of P.randalusiCa
areﬁsimilar to those of »p. drummondll, and thelr clustered
orlgln is the result of relatlvely mlnor dlfferences ln

’

their early ontogeny (see above). Correns (l899) felt that

" the dlfference between the clustered versus 51ngle orlgln v
e
of propagula 1n these spec1es did not even: warrant taXOnomlc"

dlst;nctlon_(see pages 99—100) POhlla tundrae propagula are .

similar to»bOth“P andalu51ca and P, drummondll, dlfferlng
from the former in belng produced in more numerous leaf
ax1ls on each stem ‘and hav1ng the body cells more elongate‘

(produ01ng a cyllndrlcal propagulum) and from the latter

in arr51ng in. clusters Again, these are probably relatlvely

51mple developmental d1fferences Pohlia. bulblfera propagula

are veryvslmllar to those of p. 'andalu51ca, dlfferlng in.

—

. "~
w >y
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the more globose body and in- having the prlmordla in a tlght
splral almost whorled. There is an apparent dlSCOﬂtlﬂUlty
in the mode of leaf prlmordlum development between those
former species which have the leaf primordia arising as
laminal appendages, and the following speoies whose leaf
primordia are represented only by peglike outgrowths, but
this deﬁelopmental difference is bridged‘by p. ;ndrewsii.

The primerdia of P. ahdrewsii begin as short, poorly formed'
peglike projections, but after a short delay they" undergo

repeated divisions to produce trnly laminal appendages.
- * : N

1

- In fact,.P. annotina also bridges this gap, in that the
leaf primordia on old propagula (fig. 6: 7, 8) do eventually

begin . to divide, produc1ng laminal appendages hich had

arisen as peglike outgrowths Th;s-greater elaywin leaf

prlmordlumvdlfferentlatlon can be interprete§ as indicative

- of a slightly more advanced level of propagulum evolu
in P. annotina as compared to P. andrewsii. Pohlia campto:

trachela is indistinguishablebfrom\}.‘ahnotiqa in all
morphological.respectspexcept in its propagula) andjthe5

two are probably*closely related. The former species often

'~ occurs in more xeric habitats than Pl annoﬁin;, and this‘

t ecological difference may explain the smaller, more globose
‘propagula (with less surface area), ‘and the poorly develop-
ed, short, often 1ncurved leaf prlmordla Pohlia proligera

propagula are not unlike youngpp. annotina propagula, but

‘prpduce only a single or two, eiongate peglikepleaf'
y o T .



prlmordla, and do not contlnue growth while attached to
the stem as do those of p. ~annotina. lt is probabl? not
vso Closely related to p. annotlnafas is p. cemptotrachela/
as lndlcated by.dlfferences ln‘other gametophytic‘features
shch‘as size and leaf sheen. L |
It can be;seén>that the differeht forms of prepagula
in this'groﬁpfdevelOp accotding'to a common ground plan,
‘and that the%prqpéghla Of each species ceuld have arisen
bylprogressive{gntogenetic modifipation taking the form
~of small reduCtiOﬁs ih the differentiation of the pro-
pagulum body, and in variations in the origin'and-subse—
-_quent‘developﬁentlof,their leef primordia  (fig. 8).
‘ ‘ " | o ) |
Setae -'e; S o >‘ e h fi
Setae of the propagullferous speeles are erect, but'
abruptly bent at the p01nt of Attachment to the" capsule
such that the latter is pos1tloned at 90°—180° from the
Vertlcal Wlthln these llmlts, capsule pOSltlon is variable
. both w1th1n spec1es and between them_(flg.,3: 9—ll)._In'
. transverse sectlon)‘thehsetae‘ate about>0.201to 0.25 mm.'
_inhdiametetfehd;afe'ahatomically similar td the stem. In
’the cehtrelebortiOn/ls'e.cilznder ef'thin;walled cells-
more or less abruptly dlfferentlated from the’ larger,
- thlcker—walled cells surroundlng them The perlphery of

~.the seta 'is occupledwby 3-5 layers of small, thlck—walled

cells (fig. 3: 7, 8). No anatomlcal variation of taxonomlc

¢
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value has been observed ,although the setae of each speCLes
may vary as much as 0. 5 mm. in diameter.

B T
Exotheciallcells y,
- Exothecial cell shape provides an importantvcriterion_
on Wthh to base 1nfra generlc cla551f1catlon within the
genus Pohlla, see Nyholm 1958 The propagullferous spe01es
show llttle or no 1nter spec1f1c varlatlon in thls character
Whlch is unlform throughont the section Pohllella Exothec1al

cells of ‘the urn are more or less rectangular to 1sod1ametr1c,

and have evenly thlckened strongly 51nuose walls (flg 10:
A :

2). Near the rlm they are more or less abruptly smaller,

| imorphology have been observed and stomata on aQSLngle~.k lu- - ?5'

less 51nuose—walled more regularly 1sod1ametr1c and occa—'

‘l51onally somewhat‘collenchymatous (flg lO:‘3). At the

: p01nt of attachment of urn and’ seta, the exotheC1al cells

grade 1nto the long,vnarrow superf1c1al cells of the latter,

: gradually appearlng less sinuose walled (flg lO; 1) .-

Stomata~ /”rﬂ R IR

e : R , R
. Stomata of spe01es 1n the sectlon Mnlobruum are 1m—

mersed or sometlmes 1mmergent whlle those of spec1es 1n ‘

4
the. sectlons Pohlla, LamprOphgllum ‘and Pohllella are

- superf1c1al Stomata of the propagullferous specres are

i

: numerous in the neck of- the capsule, and are generally

ij:32 =55 um long No 1nterspec1flc dlfferences ‘in stomatal

/



,ocapsule of any of these propagullferous Pohlla speCleS may

-exhlblt the full range of 51ze exhlblted by the complex

gthe annull are, readlly revolvable, but in the sectlon J[fg}ft'f

v

(e g. P tundrae,vflg 9: 8=~ lO)

e

T
ol

Annuli -
_ (o

The sectlons Pohllella, Pohlla and Lamprophyllum have

‘well developed annull while the remalnlng sectlon inio- N

bryum lacks them altogether In Lamprophyllum and Pohlla,

& .

Ty

Pohllella the annull generally remaln attached to the urn

or the operculum rarely (though occaSLOnally) belng

\

hlS new. specles B drummondll lacked an annulus was 1n

'ugcelIS“(R 60 um long, 35 um w1de) than the lower row (ca

- as con51st1ng "of l— (2) rows of large,vseparatlng cells

’ (fasc. 3, p. 200) leew1se,ﬂ-under P. ;annotlna, Nyholm

-:11958 p 202) descrlbed the annu11 as cons15t1ng " fva.iw

’and 1llustrated an annulus w1th only a 51ngle cell row

error (Demaret and Wllczek 1978) The propagullferous _U':

iithe number belng somewhat varlable around the c1rcumference

/

to the operculum) usually con51sts of sllghtly larger

s

Nyholm (1958) descrlbed the annull of P drummond11~

‘

v__Slngle row of large cells It 1s puzzllng that there

':'revolvable The observatlon of Muller (1862a, l%62b) that .;'

".SpeCleS haVe annull ConSlstlng of 2—-(3y Tows of cells,:,f:-?"i"f

‘of a 51ngle capsule (flg 9 ‘1}5) The upper row (adjacent fgg.wy 

R R



‘/, -

‘should be this discrepancy in our observatlons on the’

~.annu11 of these Pohlla spec1es, espec1ally 51nce I flnd the

fOpercula :f

fannull to be unlform both w1th1n species and between them.
iPerhaps there is thls dlfference between Vorth Amerlcan and
Fennoscandlan populatlons, but otherw1se I flnd that spec1— :

’mens from the two contlnents agree in every respect.

; e . . . . . ,.,

Opercula of all propagullferous spec1es are cohic and

'Qoften aplculate, rarely appearlng‘someWhat umbonate (flg

;igg 16 19) They do not however, approach the umbonate yy‘

ﬁqcondltlon whlch 1s very characterlstlc of oﬁgrcula 1n

ip” obtu31folla (flg 9°”14,“l5):

B - - LR - e
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‘75Calyptrae G{ff'}‘f TT@“‘iv'--w_»'.?_f:~;;5n‘ =

R S T

*fand appeax to be uniform throughout the complex

,o.'
- -,

No SYStematlc study was made of calyptrae because'ffftff

,77;they are scarce and dlfflcult to flnd 1n herbarlum speC1-7=

.‘-

;mens From fleld observatlons they are smooth and cucullate,

a "\"

M

Exostome - f~3h . S

The perlstome of spec1es 1n the,propagullferous

.,'complex 1s dlplolepldeous and double, belng descrlbed as ‘

i

=_'the so called Bry01d type (flg 9} 7) The exostome teeth
yare lanceolate and gradually acute (flg lO 547) They

'average about 230 um in length but vary as- much as’ 50 um

e - . 1
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in length‘on a single capsule Between capsule varlatlon
in exostome tooth length is as much as 120 um but n‘

Cons1stent dlfferences could be found between specﬁes.;ﬁfj-*'

Margadant and Meljer (1950) dlscussed even greater v7rra—‘
ction in exostome length 1n the - genus Orthodontlum-, ,

’Schwaegr

On the dorsal surface the exostome teeth are coarsely

lpaplllose in: the upper ‘third, gradually becomlng more

'flnely roughened toward the base (flg lO;‘ ) The dorsal
ﬁcommlssure 1s not COHSplcuous, but 1s readrly vr31ble

':dunder a compound mlCrOSCOpe On the ventral surfac@ the

'~d:teeth are coarsely paplllose to a lower level than on the

1

- dorsal surﬁace, and large paplllae cover the ventral

e

2lamellae all the way to the base of the tooth (flg l ,6); |

'“_gIn the areas between lamellae on the ventral surface, faf

"ﬂg‘as can - be seen ln lateral-

7icoarse paplllae extend about half way to the base of the'

v / : ; T&‘; -
--tooth The lamellae are well developed and consplcuous,

'lew of an- exostomeggboth (flg fr“ﬁ

wii;lO£'7) The teeth are marglned though not consplcuously,f:lwt}fff:'J“[}
::Wlth the dorsal plates w1der, although the ventral platesAfff ffaf;”
';’are thlcker (flg 9'--:' 11- 13) iy color, ‘the: exostome teeth__f :

r.vary from yellow to llght— or occa51onally dark brown,_v*

: usually‘@arkest near the base B



‘the
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'LEndostome' B

. The endostome con51sts of a hyallne, flnely paplllOSe

f_basal membrane from whence l6 hyallne, keeled broadly
ftperforate segments arlse alternatlng w1th (0)— 1-3, more.d'
Cor less developed usually nodulose cilia (flg 10; 4.

vQThe basal membrane extends almost one half the helght of ’

;ostome teeth and 1s flnely paplllose, as- are: the ﬂ

: lower portlons of both segments and c111a The upper

. £

- portlons of the segments and Cllla are more coarsely
: paplllose adjacent to where the exostome teeth also become_’
. ‘“fmore coarsely papfllose.(on the dorsaP surface (flg lOv,l»“7

3 ,'\

Spores of the propagullferous spec1es are round

{”fapolar, and are (13)_-17 26—.(35) um 1n dlameter NO COn- -

;vg;-51stent dlfferences could be found between spec1es 1n

'-1.P."bulb1fera

' sculpture elements Wthh are taller than broad and~whichA

va”fterms of spore Slze, but under the scannlng electron f’*’
»mlcroscope, spores were ﬁbQ_@ to dlffer between specres ln L

’-external ornamentatlon Termlnology for external ornamenta- L

.'._

',Qtlon follows the cla551f1catlon of Faegrl and Iversen

vnh(l975) for pollen gralns.‘;: f j;[vf\;f- rilf.t

B

"»;1_? Spores of the propagullferous spec1es vary from

rfclavate to baculate Spores of p drummondll P;‘tundrae;,Q
v : ;.

opf-andr'w31r Pnd P. camptotrachela have



wlden dlstally from a narrowed base (clavate) (ilg. l2$ 4),.
"'13:'.-1—3, 4) Pohlla annotlna and P, prollgera (flg 13‘:

—

v'4;76) have sculpture elements whlch are llttle, 1f at all
dtaller than broad and whlch do not or‘rarely, broaden |

'1_dlstally from a narrowed base (baculate) Pohlla fllum and,

nl"él:andalu51ca (fig. 12-=$, 6) have tall sculpture elements:
.:’ln relatlon to thelr Wldth but they broaden dlstally only'.o

l.sllghtly It should be added that spores from two capsules‘

| of each spec1es were observed under the SEM but although

;fdlfferences shown here appear to- be con51stent, no exten—:

;i51ve study was conducted on the morphologlcal varlatlon E

o between spores of one spec1es

o1



'“QfBrldel (1803) prov1ded an 1nterest1ng 1n51ght 1nto the

 NOMENCLATURAL HISTORY OF THE PROPAGULIFEROUS TAXA

<

The occurrence of asexual propagula in the leaf ax1ls

h“of certaln Pohlla spec1es had been noted 51nce the tlme

¢

of Leers (1775) Roth (l794), and Hedw1g (1782 1801)

-Untll well 1nto the nlneteenthmcentury, howevem, only one

propagullferous POhlla was recognlzed at the spec1es g

"vlevel (as Mnlum or. Brgum annotlnum) and thls eplthet was

Uused as a catch all for any POhlla spec1mens bearlng

ax1llary propagula Accordlng to Bridel (1803): there wa's

_con51derable early confus1on surroundlna the name Bryum

‘fvnlum) annotlnum, thlS belng largely ‘the’ result of some
ftauthors 1ncorrectly 1nterpret1ng sterile and fertlle |
dgjexpre551ons of- the spe01es as dlStlnCt taxa (Brldel l803
f”pp 33 34) For example, A G Roth descrlbed Trentepohlla
V( erecta as a.newvtaxon 1n 1794 but by l800 he had changed;rch
‘ ﬁhls mlnd and reported that hlS plants were nothlng more'-7;‘
Tgthan Sterlle prOpagullferous\,drms of Bryum annotlnum |

’wf(Roth 1794 1800) In hrﬁrdlscu551on of Bryum annotlnum, .

4

'°f”fhuman 81de of Johann Hedw1g, who was apparently rather
crltlcal of those bryologlsts who had erroneously cons1der—.“”
hied sterlle and fertlle forms of Bryum annotlnum to be

:dlstlnct spec1es Thus,.Brldel quoted Hedw1g s 1rr1tatlon,

. vt eo eV1dent1us sestlnantlorls observatlonls, ae

'praeposterl decretl c1rca naturale prodacta damnum eluceat"'

<



(Brldel 1803 p. 34).
Authors of the mld elghteehth century (e.q. Dillenius'
1741, Llnnaeus 1753) used the name Bryum (Mnlum) annotinum

w1thout reference to propagula and most llkely used ‘the

-

v’-name for taxa qulte unrelated to that whlch lt is presently

\
Vo

.dlagn051s of the spe01esb(Leers 1775, Hedw1g 1801), only |

applled When propagula were - flrst used in the spec1f1c

)

°

the presence of these propagula were con51dered dlagnostlc, ;

and no attempt was made to dlstlngulsh spec1es based on

dlfferences 1n number, 51ze or morphology of the propagula

Probably only w1th the . development of more accurate means -

G,

of magnlflcatlon, in conjunctlon ‘with contlnued fleld

Q'experlence, were segregate taxa gradually recognlzed and

;;nomenclaturally dlstlngulshed from Bryum, annotznum Hedw

| ’(As new taxa were descrlbed . a great deal Ofc

,;'clatural

@8,

qconfwslon enveloped the propagullferous Pohllas as’ a result

'~_of the fact that varlous authors applled the same eplthet

J-to dlfferent spec1es, dependlng upon whlch spec1es %appened

-

fhto be most common 1n thelr own geographlc reglon Thl:'ni

vproblem has been exasperated by a lack of accurate 1klustra—”::v

”Qltlons and detalled morphologlcal descrlptlons acoompanylng

'1h0rlglnal dlagnoses and subsequent new comblnatlons for the
: . . B -fjf’
*v-propagullferous spec1es 1n Pohlla '

The nomenclature of Bryum annotlnum Hedw has been e

;.exten51vely dlscuSSed 1n the twentleth century, notably by

’~chrrens-(1899)ﬁ Loeske (1905 1922), Warnstorf (1904) and

iy

65
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part of a taxonomlc rev151on of the propagullferous spec1es

‘fThe present dascuss1on 1s 1ntended as a nomenclatural

66"

i

Buch (1906) and more recently by Koch (1951), Margadant‘

(l968),land Lew1s and Smlth (1978), among others The

P

nomenclaturalwand taxonomlc hlstory of B. annotlnum Hedw

is’ not unlque 1n botanlcal 1nvest1gatlons, and our knowledge
V4 .

has’ progressed gradually w1th ‘the 1ncreased 1n51ght and

b ARV

vunderstandlng galned from contlnulng studles, and by the

passage of tlme. In this respect I cannot agree w1th the
and Smith .(1978) that many earller dls-

nomenclature of B. annotlnum) were put

'forward_"without any. useful conclu51ons belng arrlved at”

)

- The present nomen%latural study was undertaken as‘

Yoe

of POhlla ‘in North Amerlca and detalled morphologlc and N

’ A

--taxonomlc dlscu551ons w1ll be found in a later sectlon

*

hlstory of’ the propagullferous complex, and 1t is acknowl-.

« -

, %
. .wedged that many taxonomlc detalls are omltted for brev1ty

\ .

’.(but 1ncluded ‘in a later sectlon under the approprlate
'.spe01es), Whlle other llterature of only 1nd1rect nomencla—j,

wFtural relevance 1s rev1ewed here in™ some detall (e, g pre—

l."

B 1801 references) It 1s hoped that thls hlstorlcal survey
- of the llterature w1ll enable the reader to adequately
'fljudge the merlts of the nomenclatural conclu31ons arrived

"at in the present study As a result of - an exten51ve'

llterature survey and examlnatlog of type spec1mens, thef'

’Vnomenclatural c1tatlons glven 1n Table l are cons1dered G L

.tv4
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‘the earliest valid combinations for the Nofth American

Developmental varlatlon as a,

‘ Confu31on-‘

\/F

7

propaguliferous‘Pohlias ( 'd@_‘
The present dlSCUSSlOD 1is organlzed into the followrng
sectlons ’ ‘ R . '@

Developmental varlatlon as a source of nomenclatural
confu51on : S o

. ‘ ﬁ\\ :

Hlstorlcal survey of the\llteratule

The Dlllenlan_era\~

- The Hedwigian era

4 The Loeskean-era

Rev1éw of recent nomencbatural arguments
U?» .

Present nomenclatural conclu31ons

'~Sugqestions_for lectotypification

e

Source of Nomenclatural

.
's,sa\/

N °
L
‘3, S

In general bryologlsts hav;f

4

oL

3
'bulblform propagula (e g P. drummondll and R fllum) and

those w1th smaller, clustered propagula (e g. P,‘annotlna

:fand p. prollgera) However, as early as the beglnnlng of.

thlS century, Correﬂs (1899) Warnstorf (1900) and Loeske

’ (1906) observed that some spec1es could have elther or

:°both types of propagula at varlous tlmes of the year

(In fact Bruch Schlmper & Gumbel (1839) compared the

propagula of B. annotinum to young branches and thus

s oo

,1mp11c1tly con51dered developmental varlatlon of the

g

dlstlngu1shed two groups

67

“8

, of propagullferous spec1es 1n the past, those w1th so&atary,

s

X
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former{ .Loeske (1906) reported observatlons taken from-a
srngle populatlon of Pohlla‘annotlna over a three year
period'and-confirmed that the young propagula of this
species are small and clustered in the leaf ax1ls, but
ffound that rellc" propagula. whlch remain on the stems g
.,late in a growing season often continued growth, became
quite large, and frequently occurred 51ngly It became
clear ‘that as a dlagnostlc criterion, haV1ng the propagula
arranged in clusters versus singly was sub]ect to variation
w1th1n spec1es, and was consequently of limited taxonomlc
value in- dlStlngUlShlng certaln propagullferous spec1es
For some Spec1es, the distinction between small and

,/ v
“dlagnostlc’ For example,lé. drummondll never has- small

‘clustered propagula at any stage of development Young
-

propagula are’ _single (rarely 2) in the leaf axils and
'srapldly become large (400~ lOOO uni long) and consplcuous
Vlgorous stems of thlS spec1es often have three to five
‘large propagula scattered slngly in the leaf axrls ‘and
young prOpagula~can be‘foundtonly w1th.dlssect;on of the
‘apicalaleaVes. Thevyoung propagula arise slngly, appear
pale green, but'are fleshy and bulblform with well develop—
ed, proadly lamlnal leaf prlmordla They are otherw1se
51m11ar, though smaller, to the larger prOpagula found
’lowen(on the stem. Propagula found just a few leaves below

[4

. the stem apex are characteriStically'largeg'single, and

clustered versus large and solitary propagula is 1nvar1ably

68



bulbiform'with a red pigmentation. A similar;developmental
situation is evident in P. filum, where the{propagula'alSO
arise singly and are invariably large (350-650 um long)

- and bulbiform. The morphologicalwdistinctions between these
two species are discussed in a later section.

Pohlia proligera, on the other hand, never. produces'

P U
i, ¢

‘large, bulbiform propagula and most herbarlum speC1mens
have Clusters of llnear-vermlcular propagula in the

upper -leaf axils. Even when most propagula have fallen
trom the stem, those remaining are small more'or less

linear, and vermlcular Bulbiform propagula have not

69

been” observed on stems in the field, on herbarlum spec1mens ‘

(or lost in the packet), or on stems of cultured popula-
tions, In transplanted populatlons, propagula of P. proli-
gera reach thelr characterlstlc clustered arrangement Just
three to five leaves below the apex and do not become
large or bulbiform anywhere on the stem. Populatlons s
grown in a greenhouse from September 1977 untll October
11979 have . falled to produce bulblform propagulaxat any
‘tlme of the year. Durlng the early sprlng in both field
‘and greenhouse populatlohs, the few.propagula remaining
attached to overw1nter1ng p. prollgera stems are very
031m1lar, though often deeply transluscent red to the
propagula borne on young shoots of the current year.

Unlike ». proligera or P.'drummondii, P. andalusica

"may have either or bOth‘types of propagula at various
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times of the year. Herbarium specimens of ». andalusica

often contain stems with clusterS'Of small ie g. 150-300 um
long) prOpagula, but the larger bulblform type can frequent-

\;ly be found loosewin the packet. Occa51onally a complete

s

sequence from the small obconié¢ propagula to the large
oblong,bulblform types can be demonstrated on a single
stem (fig‘ 5: 1-5). To add to the difficulties of y
adequately descrlblng this spec1es,.1t is not 1nfrequent
to flnd stems with only large, bulblﬁarm propagula (cf;
P. drummondii),\although with a careful search of the "
loose debri in most herbarium specimens, the smaller,
Obconic propagula can also be found. In cultured populatlons
of p.: andaluslca, the propagula 1nvar1ably arise in
clusters in from one to a.few‘upper leaf axils (fig‘ 5: 5).
It is only late in the. grow1ng season that these propagula
- may appear 51ngle in the’ leaf ax1ls, this fact hav1ng been
the cause of a great deal of nomenclatural confusion
surroundlng thls taxon and P. 'annotina,‘where a Similar -
sltuatlon of contlnual developmental change is present:
/ “ ‘ ) ' :

‘ﬂh P.'annotina, as in P.vandalu51ca, the propagula - )
1nvar1ably arise in clusters, but may become few or slngleb
as the season progresses. This species exhibits a high
K degree oﬁlmorphological variation with respect to its
fpropagula the young, clustered forms ranglng from shortly

obconlc or trlangular, to those wthh are long, narrow,'

and very gradually broadened.to the apical end (away from
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1ts p01nt of attachment to the stem) Superlmpose on' this

between- populatlon variation is a contlnual sequence of

developmental changes w1th1n each populatlon (see also

Lewrs & Smith 1977). As some propagula fall from. the stems,

those wthh remain often become longer broader, and the

_ leaf prlmordla become larger and sometimes broadly lamlnal

~in form (fig. 14:

‘This parallel sequence ‘in propagulum ontogeny from

vsmall and clustered, to large, 51ngle, and bulblform has

led to considerable mlslnterpretatlon of both p ~annotina -

and P. andalusica.

Ontogenetlc convergence 1n morphology

lS not to be confused with actual 1ntergradatlon between

xthese two spec1es

forms whlch could

however and. I have never encountered

not be a551gnedjto one or the other .

spec1es w1th confldence Character states useful in -

dlstlnguiShing P

- andalusica and P. annotinaxare given

under p. andalusica

Although culture studles (Lew1s & Smlth 1977 ?resent

work) have conflrmed the rellablllty of propagula as

S

dlagnostlc characters in dlStlﬂgUlShlng propagullferous

taxa, it is hopefully clear from the above dlSCUSSlOH that -

care must be taken when descrlblng the occurrence of

propagula as dlagnostlc to a given taxon. The dlstlnctlon

between how a propagullﬁerous shoot may appear at certaln

times of the year

an important one,

and how the prOpagula actually arlse is

and this emphasizes that the propagullferous | o




u:s@‘ ’
- N

Pohlias should be defined on the basis of the‘species—'
) [

spec1f1c deveIOpmental pathways which characterlze thelr

t ¥

propagula

diStorical Survey of the therature

The present discussion is intended_as an_historical
.account of the earlywliterature’of‘the propagulzferous '
Pohllas Interpretations-are purpOsely.keptiat a minimum,
‘and nomenclatural dlscu551ons and conclu51ons are deferred
“to later sectlons (III &VIV). o
The Dlllenlan Era‘
Durlng the Dlllenlan era, the:epithet annotina (as

!glven by Llnnaeus l753) was used w1thout reference to -

propagula The phrases of Dlllenlus, Llnnaeus and other;

72

/botanlsts of the early and mld elghteenth centurles 1nclu— -

ded features of the gametophyte and hablt of the sporophyte,‘

-and these were con51dered dlagﬁostlc crltenla for recoq—ﬂ

nltlon of thlS spec1es. It 1s llkely ‘that botanlsts of the
Dlllenlan era applled the name Bryum (Mnlum) annotinum to
spec1es in the present genus Bryum, probably in--the group

designated . ectlon l" by Nyholm (1958) (see below).

In hlS HlStOIla muscorum, Dillenius (1741) flrst used

- the name Bryum for a large, heterogeneous group of so-~

called acrocarpous mosses, and descrlbed Bryum annotlnum

'lanceolatum pellu01dum, capsulls'oblongzs pendulls Dlllen-
N
1us lelded hlS genus Bryum into Ordo I and ordo II, based

. ) - '-.'
S : o I



on the capsule‘being erect ' (ordo f) Versus pendulus (drdo

o

‘II), and subd1v1ded these groups 1nto serles and- divrsiqs“
" on: the ba31s of both gametophytlc and sporophytlc (super-
f1c1al) features. 'In his Ordo II, Series II (speczes
pendulae foliis angustis: mediocri latithdihevpraeditis), d

" pivisio II (surculls et caullculls 1naequallbus), he
'cla331f1ed Brgum annotlnum . w1th.e1ght other Species.?

lethln Divisio 171, Dlllenlus dlstlngulshed taxa malnly 7 »1‘ v/“_,
on the ba51s of capsule shape de on the hablt Shapef’and"

__texture of thelr leaves.rBryum annotlnum'.,:‘was placed

g h
RS

;between Bryum fOlllS latlusoulls congestls,acapsulls‘ﬁ.
ﬂlongls nutantlbus and éryumlanceolatum.pellucidums;
oapsulis_rotundis',b ‘penduius'aar‘}ieis;.?rhus D.i’lle:nius <1741)f
'deflned hls spec1es srgumbannotlnum ,}p'on the basis of

| 1ts pelluc1d lanceolate leaves and on 1tsvloqg.pendu10us
.capsules fpﬂ 399) w1thout reference ‘to ase:ual‘propagula
In‘syhonomy Of'B annotlnum,..;, Dlllenlus referred to hlS
_earller flora of Gelssen,‘Germany (Dlllenlus l7l9), and

to . Buxbaum s (1721) Enumeratlo plantarum . Hallensl ..

Flgure 68 of HlStOIla muscorum shows four SporOphyte— L
bearlng plants and elght unbranched gametophytes, two of
7vwh1ch (flg 68 E) are ev1dently perlgonlal plants. The f

- four sporophyte-bearlng plants appear W1th a central
'rosette from which three or four erect, sterlle shoots

£Y

_=arlse, in add1t1on to the seta. Accordlng to Llndberg

(1883) there ex1sts 1n the Dlilenlan herbarlum a: spe01men S



&

hPlantarum, Llnnaeusl(l753) lelded Dlllenlus (1741)

genus. Brgum lnto MAium. and Brgum, and descrlbed Mnlum N

‘,only w1th the addltlon of the 1nformatlon, peduncullsf_k

;‘that a spec1men labelled/@nlum annotlnum in’ the Llnnaean

-;spec1men bears the aznotatlon "Bryum"'by the hand of

’0

N e 4 ' g ) ) ‘ -,_"

:,labelled Brgum aﬁmotlnum lanceolatum pelluc1dum, capsulls 53

‘oblongls pendulls, whlch Llndberg determlned as Brgum
ﬂ'pallens Sw. (31c); ThlS spe01es lS 1n every respect

con51stent w1th Dlllenlus (1741) descrlptlon and lllustra—

cut e
¢

a35001ate hlS spec1es w1th any member of the propagullferous'

i,

”complex 1n Pohlla The rosette hablt 1llustrated for

. B -
A o

el .
aow

In hlS publlcatlons of 1737 and 1745 hinnaeﬁs‘didfd'

"‘a‘not refer to Brgum (or Mnlum) annotlnum In hlS Spec1esb"’

AW

\"annotlnum w1th the phrase, foliis‘acumlnat;srpelluc1d1s;”;»

/.

that the desériptibn-given by Linnaehsi(l753) is essentlal—

Iy 51m11ar to that prov1ded by Dlllenlus (1741), dlfferlng

s

[N
N

‘subradlcallbus v and by descrlblng the leaves as acumln—'

.atus"°rather than "lanceolatum" Schlmper (1871) reported “

bfherbarlum (LINN 1264 21) con51sts of two parts, the flfst

.jgsryum cernuum (sic). Accordlng to Savage (1945), thlS

- /
*Dlllenlus. Although Llnnaeus and Dlllenlus did meet durlng

74

"tlon.of B. annotinum .; and there is no Treason to SR -

'7; Qm’annotinum P 1n flg 68 (1741), lS much more 1nd1cat1ve

iLiOf a Bryum than a Pohlla .:'fi ‘. Anh"v.f‘ \;vf75:f 551;;;"‘

‘,pedunculls.subradlcallbus, anthefavnutante. It can be‘seen:ff

b

Jpart belng Ceratodon pbrpureus Hedw and the second “f 'if\Q

S



. _LinnaeuS' trlp to Oxford in. 1736 (Isov11ta 1970), there 1s

S

some questlon as to whether the - spec1men of M. annotlnum

L2

1n Llnnaeus (collectlon cou%d have* been annotated by
: Dlllenlus Accordlng to‘%sov11ta (1n lltt ) thls annotatron
7j(referred to by Savage 1945) was more probably wrltten by
~;:O Celsrus (or ‘a person aSSlStlng hlm) in Uppsala Isov11ta,v
;:(1970) has dlscussed the care that should be taken when'e
ﬁ;fassumlng that spe01mens presently in - the Llnnaean herbarlnm
E are automatlcally approprlate for typlflcatlon of names r
‘»f;oredlted to Llnnaeus Because of Llnnaeus herbarlum o
‘igﬂteohnrques (re: dlscardlng earller spec1mens in- favor of‘ B
: , Sy .
',better ones acqu1red i‘ter, Isovrlta 1970), 1t is often
.dlfflcult or 1mp0551ble to: determlne 1f a glven spec1men
f;should be c0n51dered authentlc, as opposed to belng an';
‘h;approprlate neotype,‘at best The spe01men referred to by
Schlmper (1871) mag be authentlc On the other hand
éryum cernuum.(— Bryum ullglnosum B S G ) may well repre—v
epsent the taxon to whlch Llnnaeus applled the name Mnium

‘annotlnum 1n 1753 espe€1ally slnce thls Spec1es is

*morphologlcally srmllar (and phylogenetlcally related) to L

"Bryum pallens, the spe01es to whlch Dlllenlus (1741)

;Aapparently applled the name Qulte llkely,rnelther Dlllenrus
bnor’€4nnaeus dlstlngulshed these two 51m11ar Spec1es. As

¢ o

"to the sample of Ceratodon purpureus 1ncluded in LINN
'”h»1264 12 (Schlmper 1871), all bryologlsts know well how;

";@thls Spe01es can turn up in nnilkely places' It should be

LN
AT

i .



&

’”fseem probable that Llnnaeus was well aware of thlS ubquI—lf

'annotlnum wlth the phrase,; antherzs oblongls nutantlbus,

_"follls ovatls acumlnatls pellUC1dlS, pedunculls subradl-'"

"See Brldel (18039 for a thorough llstlng of elghteenth

'»asexual propagula was 1ncluded 1n the spe01f1c c1rcum~

. i . o ,
. B . e - e o
o [ t PR A
‘ N : g ' R ) :

lp01nted out that Llnnaeus (l753) also descrlbed a Bryum g;l_

o

purpureum for wthh he prOV1ded a. descrlptlon con51stent

‘5‘w1th Ceratodon purpureus, and that Sch1mper<(187l) deter-'

‘-\

e_mlned a Llnnaean spec1men ‘so- named as Ceratodon - It would

~

'-;;tous specles, and that 1ts 1nclu51on in LINN 1264 12 ‘was
- 51mply one case of a mlxed collectlon.

,gi;ele Follow1ng the publlcatlon of Llnnaeus (1753) Sp861es L

[

“,;Plantarum other authors referred to Mnlum (Brgum) annotlnum e

) AN

-}w1th llttle change from the protologues of Drllenlug or

.'Llnnaeus' For example, Hudson (1762) descrlbed Brgum

. ]
’ :
R .

'*callbus ' thlS belng -a comblnatlon of the earller phrasesf

B

-of: Dlllenlus and Llnnaeus L1kew15e, Gunnerus (1772) v j_f.

'a'referred to Mnlum annotlnum w1thout mentlon of propagula

. century references to Mpium (Bryum) annotlnum

The Hedw1g1an Era'.e' ain
: e

Be 1nn1n 'w1th,Leers}‘flora-(l775), ‘the occurrence of
g g

3

‘ scrlptlon of Brgum annotlnum Durlng the tlme of Hedw1g,

\

xrand well 1nto the early nlneteenth centuﬁ} propagula

were con51stently employed 1n the descrlptlon of thlS

Wi specles, but no attempt was made to dlstlngulsh more. than'j;gL_‘m_

| 'one propagullferous taxon untll Bruch Schlmper and Gumbel



}(1839) descrlbed a propagullferous varlety Of Bryum.ludwfgll,H
the varlety graClle ‘Durlng the Hedw1g1an era then, the
‘leplthet annotlna was used in a modern, though 1nc1u51ve
rsense, whlch 1nciuded at 1east one ‘of the present day
.propagullferous spec1es of POhlla R .

In hls Flora Herbornen51s (1775),.Leers employed the

famllLar phrases of Dlllenlus and Llnnaeus in hls descrlpf'
tlon of Mnlum annotlnum,ﬁ"follls ovatls acumlnatls
_ : : + . v A
pelluc1dls, pedunculls subradlcallﬂ%s, antheris nutantibus"f-"‘
: . SRS <, : ol ; , ) C
gHe then contlnued 1nd1V1dua ]unlora sterllla bulblfera
;vbulbllls purpureus subrotundls, pelluc1dls, SOlltarlS,

'se55111bus in follorum alls 7In synonomy of hlS Mn;um

';annnotlnum, Leers referred to Llnnaeus (1753), Welss,xl770)
5 : 4 ‘

"L;rand Necker (1771) There is: no 1llustratlon$9f M. annot;num f

5{‘~

, 1n Flora Herbornen51s, and a great deal of dlscu581on~has V
e 51nce focused on the p0551bIe 1dent1ty of Leers ’spec1eS*'7

o(e g. Warnstorf 1904 Loeske 1905, 1907 Buch 1906)
£

AEN i
Jé oA <4

and;%ayre (1977),,Leers'
’destroyed and I have been

o herbarlum has been lost or:

unsuccessful.ln locatlng a spe01men of nm. »annotlnum deter-‘*

;mlned by Leers. In v1ew of the dlscuss10n 9f°developmental

¢

'Varlatlon presented above, 1t is 1mpos31ble to deflnltely o

1dent1fy the spe01es to whlch Leers (1775) referred (h

-a'probably referred to more than one. Spe01es 1n thelr modern

.'7fsense) HlS descrlptlon c1rcumscr1bes a taxon in whlch

’i_v51nqle, more or less round translucent, reddlsh propagula



‘are present in the leaf axils‘(his'phrase-"sessili%us in

nfoliorum‘alisdfls in error since propagula'of all the
 >iPOhlla speties. have a more or less obv1ous stalk) On thls‘

hba31s; it can be concluded that Leers referred to thlla
“”drummondll, P. fllum wP; andalu51ca and/or P. annotlna,Af
srnce each can have 51ngle prOpagula conslstent ulth the
‘descglptlon glven for Mnlum annotlnum Although the
acceptance of Hedw1g (1801) as-: the nomenclatural startlng
f;p01nt for Musc1 renders the 1dent1ty of Leers Mn;um A

gannotlnum 1rrelevent 1n a practlcal sense, T mlght suggest

’that hlS descrlptlon.of the. propagula 1s sllghtly more 35:

'»h'c0n51stent w1th Pohlla annotlna (Hedw ) Llndb than the'

other p0581ble spec1es In partlcular, Leers referred to
’ithe propagula as 'pellu01d1$ o a character state whlch lS ,”'

- much more pronounced 1n P. annotlna than any of the other;;’

1spec1es w1th 51ngle propagula See the sectlon entltled 7
R v

"Recent nomenclatural arguments" for contrary oplnlons

:_Vconcernlng the 1dent1ty of Leers (1775)'Mn1um annotlnum

,.
el s

Hedw1g (1782) referred brlefly to Bryum annOtinum#

*llstlng several earller worksf(lncludlng those of Dlllenlus‘~"

' l74l and Llnnaeus 1753) in synonomy of the spec1es..He dld _

:not c1te Leers publlcatlon, although he d1d 1nclude the .
':_same llterature c1tatlons (iew Welss 1770,‘Necker l77l) 3«“,;
/;that Leersc(l775) had In thlS work Hedw1g (1782) dld not.

T;refer to the presence of propagula,‘but judglng from hlS

; comment 1n11801 (Hedw1g 1801 p 185) that,he‘had-beenvaware

O e e T e e o _ RERENE
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Ofrthe Specfes sincefl773} it_can‘be assumed‘that he
blntended the same plant 1n 1782 and 1801 |
| . Roth (1n Usterl 1794) descrlbed Trentebohlra erecta, & .
~in synohymy of Wthh he referred to Oeder (l770),-Oeder
et al. (1761), Gunnerusv(l772) and Ehrhart (1788) In 1800,
cRoth (l800a) placed 7. erecta in- synonymy of Brgum ‘annéd- ‘cm
'dtlnum,_and here dlscussed (p 233) some of the early v
li‘confu51on Wthh had surrounded thlS taxon ‘He~ 1nd1cated .
‘ that many authors had 1nterpreted fertlle and sterlle |
F:forms of B. annotlnum.tO be dlfferent spe01es, and credlted
‘Leers (1775):w1th clearly descrlblng both fertlle and o

~propagu11ferous sterlle expre551ons of the taxon Roth

",(l800a) further referred to a specrmen collected by B
. / 9»

lfH A. Schrader Wthh contalned both sporophytes and pro—}' -
iopagula-bearfag shoots He concluded that TrentEpOhlla

fRoth ;hould be con51dered synonyhous w1th Bryum annotlnum,
‘T:and consequently ln hls Tentamen Florae Germanloaeo |
hﬂfRoth (l800a) placed hlS an Trentepohlla erecta 1n ‘}‘%?,'

"synonymy of gryuh annotl;um.\ln the Mlscellaneae of hls

'Cataleqta Botanlca,‘ROth (l800b) once agaln conflrmed that

d S _ kS

‘;ihls Trentepohlla erecta represented a. sterlle form of Brydm :
f;annotlnum, and agaln:referred to the Schrader spec1men Wthh

a&?contalned*both sporophytes and propagula. In fact as soon as'f

Roth reallzed that hlS moss genus Trentepohlla fell 1nto L.;j_.h,u;_:,v*

synonymy, he,descrlbed a new genus Trentepohlla (Crucrferae)1

SN



80.

Tsen

~in Volume 2 (p. 73) of the;”Catalecta" (Wage?:tz in litt. )
In the herbarlum of the- Unlver51ty of Gottlngen (GOET) ,-
vthere ex1sts a spec1men w1th the follow1ng annotatlon,.
Mnrum annotlnum cum surculls bulblferls (Trenthepol ) Von 1
H. Professor Schrader" The spe01men (1) 1s a well preserved
plant of Pohléa)fllum,.contalnlng E th sporOphytes and |

S o

sterlle, propagullferous shoots Unfortunately, the author

7

of that annotation is not known (Wagenltz 1n.11tt ) &

Meanwhlle, 1n 1735 Hoffmann (1795Y d{efred to

Trentepohlla erecta Roth descrlblng the propagula as: l'rﬂh e

se55111av1ntra ax1llas follor;m,_ovata ". In- ‘his plate 14 L
Hoffmann 1llustrated the plant shoglng-sterlle shoots,‘
'perlgonla perlchaetla and several propagula (flg V & O)
'»iThe propagula are oblong sphaer01dal and have a cluster of? -
°Tplam1nal leaf prlmordla restrlcted close to the apex These” ;a
‘gilllustratlons are very remlnlscent of b, fllum flncludlng
'e;foﬁe (flg O) whlch shows a propagulum w1th rh1201ds and
ila young shoot emerglng from the aplcal leaf prlmordla |

'_Such partly sprouted propagula are not uncommon 1n spec1—

= mens of P fllum,_espec1ally those whlch remaln damp for

f;'some time after belng collected In the Hedw1g Schwaegrlchenfl’ |

'_herbarlum 1nfGeneva, there 1s a spec1men ;pr Wthh the

-'annotatlon 1s only partly leglble. It reads (ln part),- .
' Trentepohlla erecta Hoffm 1pse Hoffmann.' Thls spec1men
(') cbn51sts of sterlle, propagullferous shoots clearly S v/4},

\

/referrable to POhlla annOtlna (Hedw ) Llndb Sporophytes

]



. ‘u-‘

are not present En v1ew oi the contradlctory nature of . "2 "rw

L3 ‘. D

thlS spec1men and Hoffmaan S (1795) lllustratlon, 1t%§an
be assumed that Hoffmann, llke other authors of the

"Hedw1g1an era" did not - dlstlngulsh what we today con51der

-

to be dlStlnCt propagullferous Pohlla spec1es. . o

!

Hedw1g (1801) prov1ded a detalled descrlptlon and

.
s

-excellent 1llustratlon of. Bryum annotlnum, addlng to theﬁ

famlllar phrases of Dlllenlus and Llnnaeus,‘and prov1ded a
dlscuss1on of the spe01es taxonomy Ih,sébonomy of E - S

JBrgum annotlnum, he referred to the earlier works of

v\'

- Dlllenlus (1741), Llnnaeus (1753) Roth (179

L»)

”Oeder et al. (1761), Ehrhart (1788) and Ho méﬁn (1795),'

-:c1t1ng both Mnlum and Bryum annotlnum,,and- nte ohlia-
L8 ! . i B
.erécta In hlS dlscu551on, Hedw1g (pf 185) mentloned that _t

.;he had observed thlS propagullferous spec1es s1nce~l773 f’taf

"nd(see above),'and descrlbed the plant saylng that E saepe'

’ .
e o’

~réper1 awt lntra plurlmorum remotlorum, aut 1mbr1catulorum”’

(S ;'.0

jsummorum follorum alas, proferre corpuscu

-

ductlonlbus 1nstructa,:v1d f 6 7 He went on” to say that;
Bulb lll autem a- Rev Trentepohl 11p51us benevolentla
faccept1,>f01101051 qu1dem erant f 14.Aat nlhll contlnebanthf_i

r,f'de rEIlque Flnally, he added " E Cl Hoffmannl flg 10
B . X R SR
c;_ad lltt 0. conllcere llcet UoppreSSJ -aut laesz trunC1 o

gemmas esse, prodlturae 1nnovatbon1 serv1entes Plate 43

7f111ustrat1ng B :annotlnum, shows the plant s hablt '1n—f} ffg?kﬂ_fa

'ff;cludlng both gametophyte and sporophyte, and 1ncludes

1800 b) ; ) _:‘ l' . >->b .‘ i ’

3 4 5 pro- ;:”'; u-_%;'h i




e

L

‘the upper leaf axils. Magnified illustrations of the

elamlnal leaf prlmord

\

several drawings of microscopic features. Figures 6 and 7

‘

.show sterile shoots with clisters of small propagula in

¥
-

Ccorouscula" (marked "a" in his plate) Clearly show'obconic

propagula with three to flve peglike, apical leaf prlmdrdla,

[y

the diagnostic features for recognition of\thls spec1es.

Hedwig thus succeeded in illustrating the'diagnostic

criteria with which to.-identify his species, and his illus-

trations cannot be confused with any other species. Pohlia .

proligera is distinguished by its linear-vermicular pro- )

pagula with only one or two 1eaf prlmordla, and p.

v b

‘andalusica by its pr:z§gula hav1ng consplcuous, broadly

Figye 14, which Hedw1g 1abelled

,"Bulbillus‘ab ipso Trentepohl cum plantulis acceptus",

shdws a small 1eafy°bud' 1nterpreted by Hedw1g to be a

young branch bud (see dedw1g S dlscu551on quoted above). R

BN

Two herbarluqupeclmens labelled Bryum annotinum exist

in'the Hedwig- Schwaegrlchen-herbarium in Geneva (G). These

LA

-~

two specimens were discussed byfﬁoes%e (1905), ‘who 'con-

cluded that both sheets contain an 1nterspec1f1c mixture. .

_Upon ‘examination of the specimens, I would agree with

Loeske (1905) and Ruthe (who anﬁotated-thé specimehs)‘thét

in addition to Ponlia agnotina (Hedw.) Lindb., the sheets

contain both p. andalusica and P. filum. The two'sheets
each contaln a series of shoots numbered consecutlvely from

left to rlght The flrst sheet (dlscussed 1n the same order

N



eseLqeske (1905) to facilitate cemparison) has the notation
«;n;Hedwig's handwriting; "olim Chemnitzi; séx. iectum", and
" lists Mnium annotinum L. and: Bryum annotinum Dill. as

| synonyms. Also incﬁgded were the page and figure Citations

from Species Muscorum, This epecimen was probably colle;ted
by Hedwig himself in the area of Chemnitz, where he had

been pract1c1ng med1c1ne since 1762 (Margadant 1968). My

Y eﬁﬂ
taxoromic interpretation of the numberea shoots is as .
follows: .
P
1 Pohlia annotina (Cf..fig. 14: 8)
2 P." annotina (cf. fig. 14: 2, 8)
3 P..annotima (cf. fig. 14: 1)
4 P. andalusica (cf. fig. 14: 11) ’
5 p. anni?xea and p. andalusica in mixture (propagula
absent) :
6 P. annotina and P. andalusica in. mlxture (propagula
absent _ ‘
7 P. andalusica (cf. flg 14: 9)
8 P. cf. andalusica (propagula absent)
9-13 'p. cf. filun (propagula absent) 3“
Ruthe's annotation of the specimenufeads: "l bis 7 N
richtig W. annotina (Hedw.)~Bruch; doch siﬁd 2 und sterile /

aste unter 6 zu W. rothii Correns gehorig. 8. nivale 9 bis
13 gehorig auf w. gracilis (Schleich.) Rev1d. D. Ruth 25,
A

11.04," As can be seen, Ruthe and I agree that in addition
&

to P. annotina auct., the herbarlum sheet Ccontains p.

)

anda{usica (= P. rethii) and‘Punfilum (= P.fgraeilis) as ?
well., o

Numhers five and six_ are interpreted ad a mixture of
P. andalusica and P; annotina although propagula are A_f ,

absent in both cases. Each contains male and female plants



L]

and several sporophytes. There are twd types of male
plants pPresent, some branched below the perlgonla and
others that are unbranched The fPrmer character State

belongs to P. ‘andalusica, and the. latter to p. annotina.

‘Further, the unbranched plants have glossy, more'or less

erect leaves which are characteristic of P. andalusica,

’ whlle theAunbranched plants have dull, spreadlng leaves

as in p, énnOtina. The sporophytes appear to belong to

?

* P. annotina. “Number elght also lacks prOpagula Cbut I

1nterpret 1t as P. andalusica based on the erect, glossy

leaves, Shoots numbered 9 through l3 were dlstlngulshed

on Hedw1g s herbarlum sheet as (var ) g nlvale Hook.
(number 11 is m1551ng). Accordlng to wllson (1855), Hooker

/

(mss)%referred to P. fllum as Bryum nivale, and it 1s

\_llkely that' the annotatlon % nlvale was added to thlS

sheet after Hedw1g s death I agree with Loesks Ll905) and
Ruthe who felt that the shoots are probably p. fllum..Pro-
pagula are absent but the closely appressed somewhat
glossy leaves deflnltely 1nd1cate that . they arelP frlum
The qulte shortly acute perlgonlal bracts of the male ;
plants aré cons1stent w1th'the determlnatlon as p. fllum

The bracts of ». ‘annotina are notably long acumlnate and

’thosevof p. andalu51ca are varlable, but,usually longer

L]

3>

than those of P. filum.

..Hedwig's‘second,herbarium sheet. of Bryum annotinum
4 :

has Mnium annotinum\i;y'Bryum“annotinUm‘Dill;, and

/

84
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\

Trentepohlla erecta Roth llsted as synonyms in Hedw1g S

handwrltlng My 1nterpretatlon of the numbered specimens

' : : *
is as follows. -
!

Pohlia annotina (cf. fig. 14: 1, 8)

cf. annotina (propagula absent)
andalusica (cf. fig. 14: 11)

. cf. annotina (propagula absent)

. cf. annotina (propagyla absent)
annotina (cf. fig. 14: 15) . o
annotina (cf. fig. 14: 8) R
annotina (cf. fig. 14: 1, 2)
cf. annotina (propagula absent)

\

OO N U W N
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In spite of a few questionable interpretations of

7’ T o

‘nonpropaguliferous shoots, it is clear that Hedwig's

-

. c v . - . . ' '
"type" specimens include a mixture of species. On the other.

= R

:. P ‘
hand hlS descrlptlon and illustration’ 1n SpeCLeS Muscorum

are referab]e to only a 51ngle taxon'and”thus.provide the
£

flrst unamblguous diagnosis for one of the propagullferous

Aspe01es in Pohlla From Hedw1g S dlscu551on of B. annotinum

(see above) it is cfear that he 1nterpreted the'prcpagulél
Qf-P.'fi;um,(as»rlluStrated by Hoffmann 1795 andeedwig:
plate 43,.fig.li4)'as damaged,'ycung:branchfhugsj and -

thus COnceptually.he ingluded the‘two species as one.taxcn:.
Brgum annctinum The fact that P-‘annetina, pP. andalusrca

....

'andbp{‘fllum are 1ncluded in hlS herbarlum spe01méns of

B. annotinum conflrms ‘that Hedw1g ‘did not conceptually

dlStlngulSh the three, but thlS has no effect on the clarlty

of Hedw1g ] typlflcatlon of Brgum annotlnum It is because

of Hedw1g s lucid draw1ngs that the eplthet annotlna has'

/been used in a con51stent manner, ‘at least in recent years



' once agaln dlscussed the confusxjn between Trentepohlla

»the former as a synonym of. the latter and prov1d1ng a -

~were added to the synonomy of B. annotlnum; but no new“

u‘as a synonym, andilikewise; Chevallier (1827) published

| Durlng the early nineteenth century, authors follow1nq

“ S

Hedwig (1801) c1ted the propagullferous spe61es as Bryum $Q'¢

annotinum w1th varlous mentlon of the propagula dlagnostlc

for thlS spec1es Hedw1g (1801 and Roth\3800 a & b) had
SO »

succeeded in clarlfylng the first sgurce- of confu51on

1

v

surroundlng B. annotlnum; i.e. that sterlle and fertlle _;Q

fOrms were expressions of the same species Brldel (1803)

5

erecta (sterlle) and é%gum annotlnum (fertlle)& llStlng

<

~ » R

horough llst of eighteénth century referehces. It is

'worthytof‘mention that,Bridel (1803 'aisoﬁdescribed-a

Brgum v1v1parum within his, sectlon Brga'incerta non

/o o - :
'_genulna,,-referrlng to Vlllarsl(1786—l789) in his‘prOto—

1logue. Unfortunately B viviparum 1s not represented by a
spec1men in Brldel '3, herbarlum (Nowak in lltt )y and
-further attempts at typlfylng the name have been 1n valn L\

(speC1mens were requested firom GREN, FT and H) vaB;

name could be of nomenclatural 51qn1f1cance

-

Durlng the follow1ng years, two' new superfluous names S

-~

propagullferous spec1es were. descrlbed Lamarck and

Candolle (1805) publlshede. decipiens w1th B, annotindmﬁ

i

' the superfluous_name} 3;7bulbif¢rum, In 18214‘Sch1eioher:

S

. Vllearum represents a present propagullferous Pohlla, the -



i

'le?l)-publishéth.‘praoile‘as a‘nohen.nudum.so that by

, -the;time Bruch, Schlmper and Gumbel prepared their

" BrQOlogia‘Europaea _(1836 1855), only one propagullferous

s

Pohlla spe01es was known to science.

In 1839, Bruch Schlmper and Gumbel publlshed B.

'ldeigii Var graCIJG, a propagullferous form whose eplthet

led

they credlted to Schlelcher (1821) Thelr descrlptlon and

dlscu551on (1n whlch tbey noted that the varlety was a

dry habltat expre551on of the specres) was accompanled by -

anrlllustratlon of.the propagula, Their*illustration
| ©

(plate'l4 flg. “9)>IS Very characterlstlc of the spec1es

presently known as -p. fllum. In a letter dated September
1855,(ex-herb Bruch = BM!) ’wllson wrote to Bruch asklng
for a Soetlmen of B. ludngll sensu Bryologla Europaea"
because he thought that Schwaegrlchen (who descrlbed B

ludw1g11) had 1ntended a dlfferent plant than that whlch

‘was descrlbed by Bruch Schlmper and Gumbel (1839) as.

B,»ludw1g11. Apparently; Bruch et al (1839) had been u51ng_

B. 1udw1g11 for a- dlfferent plant because in 1876
A
@

t Schlmper (1876) descrlbed Webera cOmmutata to accomodate

\

the plant referred to as P ludw1gll 1n BE\blogla Europaea .

(see also under P. drummondll belOW‘. fn that publlcatlon,

Schlmper retalned the varlety graczle,‘maklng the new o

Comblnatlon, webera commutata -var. grac1lep(Schlelcher ex

B S.G. ) Schlmper.,

a
P



.,from hrs collectloné? In 1853 Bruch and Schlmper (in

l_.Brgum nutans var minor Hog&~\ T

’publlshed w1th a descrlptlon )l

";B' acumlnatum var pulchellum, and 1n hls dlscus510n noted4
'Vgthat quocum Bruch et Sch1mpe¥ commutageruntﬁftheca formaf

yet fOllO laxe retlculato ]am Xoto coelo dlstans-.

- pulchellum Accordlng to Schlmker (1862) Muller was :

In North Amerlca durlng the 1820's, Thomas Drummond

acCompanled the Franklln land eXpedltion to dlscover the.f:;

'e]u51ve )Northwest. Passage (Blrd 1967) As na}nrallst

Drummond collected Cryptogams ln western Canada, later -

1ssu1ng the ex51ccat1 set Musc1 Amer1can1 (Rocﬁﬂ Mountalns

'translatlon by R.J. Shuttleworth 1843) publlshed a rev1s'on

of Drummond s exs1ccat1 numbers in whlch they commented on

no. 263;ywh1ch had been 1ssued with the determlnatlon

A )

name was‘never valldly’

ccordlng to Bruch and
Schlmper, "The spec1men marked A is Brj (Pohlia) acumina—

tum yar ‘pulchellum (énd B is Bry| (Cladodlum) arctlcum,

"J‘Nearlyctwenty.years latgr;vi

AN

uller'(1862 a) publlshedl

"’the new spec1es Bryum drummondll, bas1ng the spec1es On

: l_fDrummond’s no 263 In his lengthy descrlptlom accompany—‘

. N
\ f \

l

and descrlbed the capsule as exannulata" In synonomy of

drummondll, Muller c1ted Bruch and Schlmper s-(l843)

\ .

\

‘ . . '||_'_ ./.

In that same year of the Botanlsches 281tung, Schlmper
(1862) qulckly responded to Mwller S. suggestlon that he

and Bruch had confused Drummong's no. 263 w1th Brgum

1

_ 1 T ,"

)

ing Brgum drumm T 11, Muller made no mentlon of propagula,v* ;ﬁ.l



wronQ»ln not'onefrbut £wo respectsi Flrsg Muller¢(1862 a)
g was 1ncorrect 1n con51der1ng hls Bryum drummondll as new"
to science. Secondly, Muller was 1n error in assumlng that
Bruch and - Schlmper (1n Shuttleworth 1843) had 1ntended
Hedw1g s (l80l) Brgum pulchellum as the ba51onym for thelrl.
varlety B. acumlnatum var. pulchellum To the contrary,i
explalned Schlmper (1862),'1t was on Hornschuch S (1819)
Pohlia pulchella that they had based thelr new comblnatlon
vachlmper went on_ to explalh that his spec1men of Drummond s,d

'no. 263 was clearly mon01cous, and that Bryum pulchellum

Hedw is a lelCOUS spec1es not even . related to thelr*

L.

&\é)
. Le\

varlety | |
' Durlng the next partvoﬁ'thls rather Splrlted exchange‘”“&»/
'fbetween Muller and Schlmper, Muller (1862 b) clalmed
"dass ' Hr Schlmper und nlch 1ch im -Irrthum ist" Here;f
_ﬂmuller reasserted that hlS‘§:gum‘drummondllywas,.ln fact ‘Alth

'fa new spec1es Further, he p01nted out that Schlmper must~_t
'tnot have read hlS dlagn051s of the spec1es, Wthh plalnly'

fstated that the plant ‘was both exannulata" and lelcous;~7

F

17dTSch1mper had sent Muller a spe01men whlch agreed closely ER

"w1th Schlmper s sample of Drummond s no 263;:and Muller’

:'conflrmed that 1t was not the same as that on whlch he'l

D

--had basedlgryum drummondll, thus explalnlng the dlsagnee~u__‘
g 3 & B S
o ment between the two authors Muller then explalned wh&

"1vhe thought Bruch and 8ch1mper had confused B, vdrummondll:-:‘

'w1th B pulchellum Hedw Slnce B drummondll&was exannulate~



!

(according
Bryum carne

(s1c) the

' See Demargt

31nce B dr

'Spec1es 1t

- even. superf

’other three Bryum species'whicnflack an annulug

nincorrect'with respect to_both B. pulchellum 9

90

to Mﬁller), hls spec1es was onlﬁﬂcomparable to

A ‘
um (Slc) B.: alblcans (Slc) and. B, pulchellum
- v . . ) B .
» . N ,/‘

P

\
hlS own B. drummondrl whlch do have annull 7"..\ :
and Wllczek 1978) Muller rea%oned 1) that R
ummondll was clearly dlstlnCt from these three,j”
had to be new, 4and'é) that:since it Waevnotd-

1c1ally Slmllar to B carneum or B, albicans;

i {

Bruch and Schlmper (1n Bryologla Europaea)vmust have

conceptuall

y conﬁused 1t w1th B. pulchellum Hedw Finally,»Au'

| . o - : o ‘ , :
/had confused B. drummondll WLth B acumlnatum (* P. pulchella

Hornschuch);

Demare

hlS cr1t1c1sm would haveg_een even more harsh!:'

t & Wilczek (1978:)‘ ’pr_ovided‘. a "tho'r'_p'ugh ‘»an'd-'j_ |

‘:intereeting{analysis”oﬁ'thisdproblem and succeeded in @

”ﬁ!locatlng tﬂ

e speclmen of Drummond s no. 263 annotated by

'giTheY!compared it‘withvduplicatesdof’

LI

drummondll C Mull Although Demaret and Wlldzek (1978)

-

- )n51dered B. drummondll as’ dlstlnct from W commutata I.,



can flnd no dlfferenSES between the European material (i.e.

ngere Brgum annotlnum Hedw 9 bulbllllferum,_and

91

&
Y 2 - N . . - . : l\ . -
< : S : ¢

S

. b

Pohlia commutata) and . the North Amerlcan materlal (P

¢ 3 ' J .
drummondll),band the two are consequently consxdered

conspec1f1c 1n thlS work. See the systematlc treatment

: under pP. drummondll for further dlscu551on

: The Loeskean Era A j”.f_ o

OnCe the identity of‘Pohlia (BrQUm)iannotrna as a
hY

propagullferous taxon was flrmly establlshed durlng the

~
Hedw1g1an era (ca. 1775 l865ﬁ, the fOllow1ng decades of

_the nlneteenth century;brought several new spe01es tor i

'sc1ence It is. worthy of note, that when Llndberg began to

B

_study the group 1n the 1860 's and 1870 s, Pohlla annotina

-"and P fllum (as W._commutata_var. grac1lls)vwere the

LY

_ only two propagullferous (Pohlla) taxa known ThlS‘era is _j

n ®

- named 1n honor of Leggold Loeske (1865 1935) who, although

Nee ' o

Hé dld not descrlbe any new propagullferous spec1es, ‘was.

;extremely 1nstrumental in brlnglng some degree of stablllty

. to the prev1ous taxonomlc chaos

,.

In 1867 Llndberg repaz{ed Bryum annotlnum Hedw (51c)

‘from Spltzbergen The 01tatlon géven for the two collectlons«.v

"-:.:Fm T

Ry

l

fster bulbllllferum, just as he annotated the spec1mens

in hlS herbarlum (H SOL'); Both collectlons are actually

_P; andrews11, an undescrlbed taxon endemlc to the c1rcum—x

(

/:.polar arctlc (see systematlc sectlon) When he publlshed

é

‘his " Rev151to Flora Dénlca Llndberg 41871) sh;ftedk.a

annotlnum L

P
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1. Bryum annotlnum Hedw to hlS new genus Lamprophgllum,
R ' maklng the comblnatlon Lamprophgllum annotlnum (Hedw ) !
Llndb There are two references to L. ‘annotlnum 1n Lin erg's

'Revisito" ,fone with ererence to Oeder et'al (1761)

-t

plate\ZLSV(Llndberg 1871 '4), and the other_W1th reference

to Oeder et al (1858) plateL36l3 flgure 1 (Lindberg 871
o QO .
75), In both cases, Llndberg c1ted the plants as Lampro-

phullum annotlnum, 1nd1cat1ng that thlS was synonymous
> / .

: o w1th Webera annotlna'(L,) Bruch (1 €. W. annotlna (Hedw )‘
S / , W ‘ .
x Bruch evaChWaegr.); AlseLin 1871 Llndberg made the
’COmbinatiDns Lamprophyllu 'carL;cm,LL. crudum, L. cucullatum,
. // X o . } . ) .
L elongatum,_L.'longiCOfle, and L. nutans. In 1879,. he

/1ncluded.these speC1es in the genus POhlla , again 'publi:h-

'comblnatlons It 1s well known that Lindberg'di&

, 'not accept Hedw1? S Species i (180i).as the. nomen;;h;f
h%< h FClatural Startlng poant for Musc1, ‘and consequently he | -
//:f, c1ted Llnnaeus as. the ba51onym author in his. new\gpmblna_:t;r
f//?)> e‘tlons in Pohlla Thus 1n Musc1 Scandlhavlcl'(1879),A L
,/ i{u,y,i}Llndberg llSted>pohlla annotlga’(L}) Llndb Pf g;gdé'(Lii;a
;;:'/'Lithlndb yf'AQians (L ) Llndb qvetc ;: if‘;m_; ;fﬂvnfh,"h7. 

7,It seems clear that Llndberg used the name Pohl@a

A

'lfannotlna in 1879 for the same plant whlch he c1ted ‘as

v Bryum annotlnum 1n 1867 and as Lamprophyllum annotlnum

‘0

then (at least w1th respect

‘“ﬁxln 1871 It can’ be conc&_
”]to Llndberg s 1ntentlons) t,at POhlla annotlna (L ) Llndb

”(as c1ted Ain 1879) 1s nomenclaturally synonymous w1th

@



‘”“_fvery s1m11ar to those of P annotdna. Llndberg, llke_?',fp__f'

. A e , . r
.

'Bryum]annotinum Hedw. (as cited in 1867). Because of the
'varlous oplnlons which have been put forward ag to whlch‘» -

presently understood propagullferous speC1es Llndberg

1 N i

[N

7,1ntended as P. annotlna,'I have undertaken a. rev1510n of

mthe materlal so- named in Llndberg S herbarlum ‘"I have

examlned 49 specimens labelled Pohlia (Or Bryum, Lampro~-
‘.». } -~ -

fphyllum or Weberaﬂ annotlna from Llndberg S herbarlum

- 4

(= SOL), all of whlch were 1ncorporated 1nto the- collec—»

tion before Llndberg s death 1n 1889 Of that‘collectlon,

]

. . B e, o
eleven are P. andalusica, nine are P.Lproligera, seven gre.

2 P. annotina, Six are w. filum, three!are P. bulbifera, two
Vare P. drummondir, seven are mlxtures and four belong to

LI

“ o
the above mentloned uﬂgescrlbed arct1c3taxon,«P ~andrewsii.k
From thlspevldence,'lt'ls clear that Llndberg used the

:name POhlia'annotina*in a. collectlve sense, 1nclud1ng
'thereln severalvpresently accepted spec1es whlch had not-

yetfbeen*described' There:ls no ev1dence to support the

‘l“fOplnlon (of e g Buch l906 Koch 1951 Lew1s & Sm;th
'.1978) that Llndberg used the name in:an, exactlng sense.for' "
o b S
‘IOthl\(:rP an&alu51ca), excludlng Hedwié s B »aﬁgosl”h"
: ﬁ(tinum from his concept of the spec1es.vIt is.true that“

\, - ‘>".

"J“

- many of spec1mens Wthh Llndberg collected and 1dent1f1ed

)

",as’p annotlna from around HelSlnkl and southern Scand1nav1a

BN

._are>p;‘andalu51ca, but 1t must be remembered that thlS

_spec1es was undescrlbed at- the tlme, and can have propagula }

. . R .
. 2 B .



£

g o

- Hedwig, Simply.didhnot distinguish theSeftwo species.

'gcomparlson can be drawn to hlS gradual recognltlon of
.-'send hlm plants labelled Webera annotlna from Austrlaﬁln P ;", r{
»‘flrét 1ncluded 1n Llndberg S concept of p. annotlna, he

.from other speclmens to whlch he applled the name By the
early 1880 S Llndberg dlstlngulshed these plants as the - .i .
var. micans (Llndberg in SChedl), and in 1887 he proposed

. a an name,fh} prollgera (1n lltt fid: Klndberg l888)

~ - no lndlcatlon from hlS speC1mens that Llndperg ever o R
- oy [
fgrecognlzed any dlstlnctlon between P an Otlna and Pouovoo

:andalu51ca

" of the present one, there was a flu(:Y\ig act1v1ty w1th

a | ST S 94
'~ o 25,

Had Llndberg reallzed that he had been confu51ng ’ o

several &axa under the ‘name p. annotlna, he surely would Co. e

have descrlbed the unrecognlzed speCles An 1nterest1ng - ‘ »\ P

)

’P.'prollgera as a dlstlnct spec1es J. Breldler began to

\

the 1870's and early 1880 s Although thev were apparently ’

e T
. *

fsoon began to reallze that they dlffered con51stently

D

'tO accomodate Breldier s spec1mens Brerdlersalso Sént E;. ly_ '5,.”i_
'lendberg other spec1mens that actually were P ‘annotlna :. lflvf.v ;;vféi
and Llndberg con51stently 1ncluded them w1th1n hlS concept f;_' e -
“ e B .I\n-’ B ‘ e
. of Ponlia annotlnav i. e. a composrte of at 1east 3 :anda-‘_‘ -thbffflid
‘:lus;ca/vp annotlnay : fllum and P bulblfera Thene lS‘?' 55 ?”§11

R

/
Around the/end of the last century and the beglnnlng

Q-

ifrespect to the propaguﬂlferous Pohllas. fter Breldler o _;‘h»"vt ffii"w

(1891) descrlbed Webera prollgera, Warnstorf (1894)
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Fy

: : .
described webera bulbifera, and the propaguliferous species,

Pohlia annotina, became just one member of the propaguli-

ferous complex. In a publication mostly overlooked by

.recent authors, Hohnel (1895) described wWebera andalusica

",However, he mentioned (1899 p. 16

from the Sierra Nevada Mountains ia/eouthernASpain.'An

iQ
A e | F
examination of an isotype of W. andalusica (FH-ex herb

Schiffner) confirms this\es a propqguliferous Pohlia,

predating any other publlcation known to t?e author for

this speties (more recently referred to as P. rothii, e.g.
) - :

Lewis & Smith 1977, 1978). °

During the preparation of his treatise on asexual

reproductlon in mosses, Correns (1899) reallzed that many

‘bryologlsts of. hlS day were u51ng the epithet, gnnotlna,

to include more than one species of propaguliferous Pohlia
o~ '

(Correns used webera for the genus). He thought that in.

addition to P. annotina sensu Hedwig 11801 plate 43),

o
Wbryologlsts were applylng the .epithet to an as yet unde-

¢

o

scribed species. He thereforé proposed a name for the new
taxon; Webera erecta A. Roth ex Correns, and suggested
retaining w. annot{fa for the spec1es whlch Hedwig had

clearly 1llustratéd Correns referred to Roth's (1794)

-descrlotlon of Trentepohlla erect! in his protologue and

A'noted that the epithet, erecta, gfuldbe credited to Roth.

),t&at,he had  never seen

authentic material from Roth'S’herbaridm and in fact,

admitted (p. 160) that®he had not even seen Roth's



cited by Correns in his protologue ("Vom Schwarzwald

96

publication. Correns went on to write that it was really
IA K !;y( N . .
Hoffmann's (1795) illustration of Trentepohlia erecta

A. Roth that he had referred to when associating his species

with Roth's. Hoffmann's illustration of the propagula from

- T, erecta agreed closely, according to Correns, with his

collections from the Schwarzwald. As described above,
Hofffann (1795, plate 14, fig. M, N, & O) illustrated lafge,
globose to oblong propagula borne singly in the upper leaf

axils of his 7. ereétajplants. Correné (1899, fig. 95)

) v

similarly showed a plant with erect leaVes and single, .

globose propagula as hisaWebera erecta. The illustration
. ‘ 7 o

of W. erecta i | Correns (1899) 1is quite charécteristic

of Bohlia filum (e.g. fig. 5: 9, 14: 14, presént paper),

énd it.is evident .that the specimens which Correns himself

had been idcorreétly naming wgﬁé}a annbtinavwas this

i . :
species. Lewis and Smith (197é9 referred tQ a specimen
-der Strasse von Ruhstein gegén’Achem), and according to
Lewis (in litt.), the specimen is located inbthe herbarium
of KZS' Limpricht (BP). Although I have not examined fhe'
specimen iﬁJLimpright's herbarium,git is still possible,
on the basis of Correns' characteristic illgstrationvand

detailed description, to confidently associate his"specieS'

with Pohlia filum. Webera erecta is, theréfore, taxonomic-

- ally synonymous with Pohlia filum, a species published

(és Bryum by Schimper 1876; lectotype: BM - Schimper!)'
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twenty-three years previously.

Shoftly éfter publishing webera erec£a A. Roth ex Correns,
Correns became aware that the ﬁame-wasupredated by Webera |
erect; (Lindb;) Limpr. (é nonpggéagulifefbus species
first deécribéd as a Pohlia by Lihdberg in 1882, and later
placed in webera by K.G, Limpric;t in 1892).*Consequentiy;
Corfens_wrote a letter;to W. Limpricht, who was about.tb
publish-.volume 3 of his lqée father's bryologiéal tréati§e,
“and suggestgd a nomen novum to replace w. erecta A. Roth!
ex Correns. ‘Limpricht (1902 pp. 728-729) reproduced
;Qorren'é letter as a footnote: "Als.iqh die bis dahin mit‘

W, annétina Hedw. emend-zusammengeworfene Trentepohlia v
érecta Roth als w.' erecta Qiede; aufstel%pe, ﬁbefsaﬁ ich
dass es bereits eine w. erecta Lindb.'(1883) gab. (conf. iI.
p. 239). Ich.glaube, das hier #62 der "Lois de 1la nomen-=
clature" in anwenduﬁg zu kommen hat und.die Rbth‘sche.grt
einen‘ﬁeuen’némen erhalten muss. Ich schlage dafur w.
IOtéii\Vor'ﬂ,It is'cleér from Correns' letter‘that Webera
rothii Correns in Limpff &'Limpr. £. was>intended és a

substitute fdr.ah earlier namé.KWebera erecta A. Roth ex
Correhs) and must, acCgrding‘to article 7 of the ICBN, be
considéredlhomotypic with webera erecta. Iﬁvhis pfbtblogue .
of W. rothii, Limpriéht cited two exgiCCéta spécimens; |
Breutel's Musci Frondosi Exsiécata,no.-286; and Rabenhorst's.
Bryothéé; Europaea_nor'968. Bbth,spedimens in Limprich&%;

herbarium (BP!) are referable -to the plant illustrated:

-



e

Vi

here as P. andalusica, as was noted by Lewis,and Smith

(1978 as p. rethii); However, as a nomen novum, W. rothii

N
Y

Correns in Limér. & Limpr. f. cannot be said t& have a
"type", asbsuch, but'ié typified by the type_of the name
it repiaces; in this'caseh Wehera'erecta A.‘Roth ex
Cerrensl I might add that RabenhorSt's no. 968 appears
to have been a mixed collectlon, as that number in H -SOL

A

and UC 1is Pohlia.annotina.va one interp
£

as falling within the morphological range

(as I do), theh Pohlia rothii must also he considered
conspecifie with p. fiJum;‘and in any event even if
typified by the spec1meﬁs in leprlcht 2 herbarium,
P. rothll is predated by P. andalusica HOQ*&} Broth

As the eéepithets grac1lls (as used by Bruch«et al.
1839) and filum (as used by Schlmper 1876) are con51dered

to be taxonomlcally synonymous for the same spe01es, it

seems puzzllng that Correns (1899) referred to two dif-

ferent spec1es, W, graCllls (— P. filum),and W. erecta
(= P. filum). In fact, 1t .seems obvious from Correns’

dlSCUSSlon that he was very unclear as to just what the

dlfferences were between W erecta and W. graClllSr In

)

hlS dlscu551on of w. er?dta, Correns (p 160) mentloned

P . ’ AN
that of all the prev1ously descrlbed propagullferous
Pohllas (Weberas), descrlptlons of W. gracllls came

closest to agreelng w1th hlS new spe01es, but that he was

completely unfamlllar with w. gracrlls, He went on to say

~

s weberd drecta

-~
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S

that he had sent'a specimen5to Limpricht for his deter-

mination, and that Limpricht had called the plant W.

/

annotina. This, of course, must have been what Correns

had expected, since he thought the'plant had previously
\ ;‘ ’ * ‘ N . ‘U -
»een confused with p. annotina. He probably reasoned that

if his specimen ‘was actually P. gracilis or some other

previously described species, Limpricht would have pro-

C e - N S

nolinced it so, and that Limpricht had not 'done 'so confirm-
ed that his species was ‘new! Under his brief discussion of .
w. gracilis (based on a specimen which Limpricht had

sent) s Correns (p. 167) remarked that "Dié/bUlbillen
: R
dleser Art stimmen in allen wesentllchen Punkten ganz mit

[

derfw. erecta ubereln, sie stehen ebenfalls elnzeln 1n der

_ Blattachseln (The bulblls of this spec1es completely agree

~in all respects with those of w. erecta; Wthh,‘ln any °

case, occur. 51ngly 1n the leaf ax1ls)"It is not surprising,

: that in his figure showinggthe phylogenetio relations,‘~

between the propaguliferous species, Correns:(p. 158)
placed W. erékta,and.w.(graoi;is very close together!

Finally, one might wonder; if w. erecta is the same

L EN o .’ . - Lo . - :
' as Pohlia filum, then wheére did P. andalusica (= P. rothii:

Y T
A

of later authorsi fit-into Correns' understanding of the -
IR S - R o SR
propagulifereus. Pohlias? Under webera commutata (= Pphlia

- drummondii) Correns noted (p.“l?l)'that'hehhad received

two spe01mens of thlS spec1es from leprlcht but that

gthe two were somewhat dlfferent from one another One of

N
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them had propagula occurrlng in clusters (specimen“a) and
was a slender plant whlle the other had single propagula

and the plants were more robust. Otherw1se, Correns
» 47:

:1nterpreted the propagula as belng 1ndlst1ngu1shable -
Specimen -a, apparently (I have not‘%een it) Was p.
andalusica, and Correns felt that thlS form w1th clustered
propadula was Conspe01f1c with p. drummondll This is'a'p:

matter of taxonomic 1nterpretatlon, and is beyond the

scope of thlS section (see under P. andalusicaf.
2 .

It has seemed surprlslng to me, that even Loeske,_i
-who studled thlS group carefully~1n the early 1900 s, dld,

lnot 1mmed1ately note that Correns (1899) had descrlbed

o

‘the plant presentlyrknown-as p. fllum as hlS W. erecta.

However,. among some mlscellaneous brYOloglcal notes 1n
[l 0

1922, Loeske remarked that "Was Correns (Unters. 'ungeschl;:‘

I

Verm.) flg 95 . als P erecta abblldet passt nach Tracht

-

Bﬂattform, Brutkorper 1o vollkommen auf pP. graczlls, dassd

“1ch annehman mochte, 1hm habe hler ein- gemlschte Probe

‘ vorgelegen"'KWhat Correns 1llustrated as w. erecta, flg

_—

f_95,“fit$'? graClllS [- D. fllum] SO completely 1n hablt

leaf form and brood bOdleS, that I have -to assume that he

had a mixed sample) (Loeske l922 p l32)ﬁ\\ e
.f

"‘Rev1ew of Recent NOmenclatural Arguments:
Shortly after Correns (1899) publlcatlon, a number'

of papers appeared }n wthh theé nomenclature of Pohlla.

l.t\ .
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1annotina’Was discussed. Inua meeting of'the‘Societas‘Pro
Fauna et Flora Fennlca in 1899, H Llndberg (1900) pro-
'_posed the name Pohlia grandlflora for the propagullferous L
. plant 1llustrated by Hed$1g (1801 plate 43), belng of . the |
oplnlon %hat Pohlla annotlna, as applled by hlS father.“ |
S.0. Llndberg (l879), was 1ntended for a dlfferent spec1es.
The younger Llndberg, probably hav1ng examlned his |
‘father s spec1mens collected around He151nk1, thought that:
S.0. Llndberg had used the name. P. ‘annotlna exclusrvely
for_that spec1es presently known’ as'P.’andalusica»(f'p{

N

o r.othii'). R
'Warnstorf (l900) commented on Correns‘ webera erecta,'.
rejectlng the spe01es‘as synonymous w1th p. annotlna Sane,
‘Warnstorf observed the latter spec1es can have large,
'single propagula'at'some tlmes of the year |
- ff.InJl90r,‘Ruthe ahd~Grebe (1n G?ehe‘f%OIlldescribed-a" .
newﬂhropaguliferous taxbn,7pj.annotlna var. glareola :
]fRuthe and Grebe dlstlngulshed thelr varlety on the basls g'
«-of 1ts small stature and Qompact growth form commentlng
"‘that it agreedAln all anatomlcal respects w1th typlcal
:w: annqtlna, 1nclud1ng the form of 1ts propagula The

_,type ("auf den Stelnschutthalden der alten Kupferbergwerke‘ﬂ‘jg,f

. bei Marsberg 1n Westfalen ;;; berelts 1893 (J),'Q.Q_Junln -

'f1897 (v) und 1898 (lectotype Ty is Eompa t,’iérOmorphic;‘*

'expre551on of Pohlla andalusrca,in‘ In 1902

to spec1es rank as w&bera

-

W, leprlchturalsed:the-varletn



suchen - - (O

.comblnatlon after becomlng

'spec1es should retaln the eplthet annotlna, and whlch
igshould be glven another name;(i.e; chgrandiflora orf

- P:vroth11'=}P;:erecta).

'”;jproblem concludlng that -annOtlnaT must remaln w1th

102

'glareola, and Brotherus (1903) made the comblnatlon in
'Pohlia. In none of these publlcatlons was Pohlla glareola-

"compared to Correns Webera erecta, 51nce Correns had

1llustrated an- entlrely dlfferent plant in hls‘"Unter-
| ;
- In the second edltlon of hls "Kryptogamen Flora"

Warnstorf (1904) followed H. Llndberg S (l900) nomen-

¥V

,pclatural reasonlng, us1ng the name p. annotlna (Leers)

‘Llndb for‘}he plant presently known as p. andalu51ca (=

p. rothll of: Lew1s and Smlth l978),vand replaced Bryum

\ annotlnum Hedw w1th P grandlflora H Llndb Warnstorf

1ncluded a note, ba%ed ona 1etter from H. Llndberg) saying

that s. O Llndberg had replaced (L B w1thf(LeenS)_ln his

vware that Llnnaeus spec1men"

:.of Mnlum annotlnum was someth -g entlrely dlfferent Thls

lape

'5was the beglnnlng of a rlft among bryologlsts as to Wthh

"9

9-..

Loeske (1905) gave a thorough dlscu551on of the

P

: J}Hedw1g s plant _; roth11 belng the correct name for the

second spec1es HlS reasonlng was thus l) Hedw1g (1801)

‘fand Roth (1794) ‘were. the flrst authors to use propagula in
.the c1rcumscr1ptlon of propagullferous POhlla spec1es

'-2) Hedw1g clearly descrlbed and 1llustrated Bryum annotlnum

4



. , » | 'Azﬁ _L03 ‘

Hedw. 3) Roth 1ntended a different species as his

Trentepohlia erecta'and thus" HedW1g‘(1801) was ' the flrst

. to use Bryum annotinum in its modern sense (Loeske did -

later suggest in the same- paper that Roth's Trentepohlla

erecta mlght even be P :annotlna w1th old, sin le pro-,

’pagula). 4) Llndberg s concept of P. ‘annotina h'd been an

lnclus1ve one, and he did not exclude Hedw1g s plant in ,.J

(\

hls appllcatlon of the'name Pohlia annotlna. On this p01nt,i

Loeske pOlnted out that a. specimen determlned by Llndberg

4)

as Lamprophgllum annotlnum and dlstrlbuted ‘by Brotherus
'was actually pb. bulblfera, prov1ng that Llndberg s concept h

had 1ncluded several spec1es Consequently, concluded

‘Loeske, the eplthet annotlna must remaln W1th Hedw1g S

. ‘o .
plant, but since Llndberg used the eplthet for several
spec1es, Loeske suggested the comblnatlon Pohlla annotlna
(Hedw )" Loeske ‘;Jn o o v:f;yw\f‘}_;iltﬁh'f'

”_Buch (1906) replled to- Loeske s arguments, maklng the

following p01ntS‘_l) Nelther Roth hor Hedw1g had flrst
Jfl.used propagula in descrlblng B annotlnum, for Leers'(l775)
"had employed them 1n descrlblng Mnlum annotlnum 1n l775

"J(see-above)‘AZ)tLeers descrlptlon was the flrst unamblg—

o

b/uous deflnltlon of the eplthet annotlna,’andaLeers had

' 1ntended the name for Pohlla rothln (ﬁjw erecta A Roth

>

.7:ex Correns), not Hedw1g s spec1es .3) Llndberg dld '1ndeed

5berg, 51nce the plant ls/frequent around Hels;nkl

PR B 4
&

A

bghave a clear concept of P annotlna (L ) orv(Leers) L1nd—'~ (R



~in Bauer) descrlbed P hercynlca, based on Bauer, MusC1'

-"luxurlent Wasserform of
,f fgvandalu51ca, nd lt is eVLden
uaand P andalu51cai(then kno”

'bryologlsts followéd H. Llndberg S oplnlon and referred

Loeske*(l9075,hafter prOvidinQuan interestihg'diScus—

‘sion of the varlablllty of . propagula in the propagullfer—~

ous complex, contlnued the preceedlnq nomenclatural

dlscuss1on. Here Loeske asserted that l) since Roth (1905)

: and other recent authors did not dlstlngUlSh P. annotlna,

¢ [
1

P. rothii (=.P. andalu51ca) and P. bulbiféra, howﬂcould

Leerschave, 130 years prev1ously° 2)'Leers‘may have“been

descrlblng one of several spec1es, judglng from the

3

descrlptlon in Leers (l775),h )'Hedwlgms,typejspecimen

. typlfles B. annotlnum, and once that‘iS'done, the concept

9 B .

”,”1s nomenclaturally 1rrelevant Flnally, Loeske (1907)

,reasserted that the correct ‘name for thlS spe01e§ is”

P annotlnav(Hedw l-Loeske

B Followrng these early dlscuss1ons, Warnstorf (1915

o

. {:\ .

A : . ?,

"of Loeske S oplnlon:(ln Bauer 1913) that 1t was only a

@

_;fr:thll.(51c).cThe lectotype

- f‘fof;.p'.-- her-cynica- [(B.—Warnst.l) is c 'early ConspelelC Wlth |

- . ..-c

that most bryologlsts

Lo

”SfP; rothll)' P

Durlng the follow1ng decades; many Fennoscandlan
: g

q

‘of later authors who publlsh new comblnatlons (e.q. Llndberg)

*.EurrfEXs;_hQ;”907 Pohlla hercgnlca was - descflbed ln splte d“

- . e
uwere Stlll unclear about the dlf-erences between P annotina

',‘to Hedw1g S B 'annotlnum asn' grandlflora, uSlng R;‘annotiyaV'

CAr



.‘1923,'Jensen 1§39) For a number of years,.the problem

v 1os

Ty
: , ~

(L.) or (Leers) Lindberg for the second species (= p.

ahdalusica'=‘P.erthll of earller authors) (e g. Brotherus
P .

+

~

‘was not actlvely dlscussed until. Koch 1951) brought up
v.the matter agaln, clalmlng that- because Llndberg (1879)

_c1ted Llnnaeus as the ba51onym‘author 1n hlS comblnatlon; ﬁ t"p
'and 51nce Schlmper (1871) had reported the Llnnaean specl—

men so named to con51st of Brgum cernuum- and Ceratodon

purpureus, Llndberg S comblnatlon must be regected Further,
3

1he argued thdt any comblnatlon made by Loeske c1t1ng B -

4

ﬁ_Hedw1g as “the authorlty,_must be con51dered superfluous'

\ 7 -

Tand therefore be rejected Koch argued that because we
'recognlze Llndberg s. other POhlla comblnatlons w1th

o Llnnaeus as the authorlty, we cannot 1gnore hlS Pd%llaf~;

-

annotlﬁa and accept Loeske S comblnatlon Thus, concluded

eroch Pohlla”annotlﬂa (L ) Lrndb should be con51dered ’_.»ﬁﬂrbb
'-fsynonymous wlth Ceratodon or Bryumvcernuum, and he'proposedfff_>{
-g.u51ng Pohlla camptotrachela:(Ren & Card ) Broth :(whlch < <;;

'he thought was conspec1flc w1th Bryum annotlnum Hedw %

m.'v

"to replace P. annOtlna'(HedW ) Loeske Koch s argument

to re]ect-P“‘annotina (L ) Llndb (rather than 51mply

L substltutlng Hedw1g s name for Llnnaeus as 1s done 1n
b'Llndberg S: other Pohlla comblnatlons) was strengthened
*ﬂby hlS assumptlon that Llndberg had meant some plant otherpv

thhan Hedw1g s when ma\}ng the comblnatlon ("Modern S

1‘

j'bryologlsts agree that Llndberg (1879), the.f}rst>toxmake5;;’



106

/

the comblnatlon Pohlla annotlna, dld not use it for Hedwrg s

v

B }annotlnum" Kocp 1951 P. 258)

Margadant/41968 dlscussed Koch S (1951) paper, saylng

fﬂhat "Here the [Koch s) reasonlng is: since Llndberg dld

net cite Hedw1g, he dld not 1nclude his type ln the con-

N ¢

_;cept of'the spec1es¢and.1t must automatlcally be excluded,

]

L Thls reasonlng is open to doubt, 1t depends on the 1nter—

pretatlon of the rules, and it can’be reasoned that
6

o Llndberg c1ted Llnnaeus only for brevrty and that Hedw1g

(

WOuld have been 1ncluded had he glvep a full”llst in

!

’rwhlch case Hedw1g s type would have been lncluded under

'Pohlla annotlna too

Gradsteln (1971) also disouSSedsthevproblemfftomment4;

a8 R 1

. g6 ‘ ' _ ce » TR . o e ‘. ‘
ing that "The Index”Muscorum‘(1965)ufollows,Koch (1951) R

< o0

. 1in rejecting the "confusing“'name-Rémlia‘annotina~(Hedw.)

e

Ko d

3

'Lindb. and xeplac1nq.1t by Pohlla camptotrachela (Ren. & -

-Card B%oth The rejectlon of the name, however, has l. ‘ }r_ﬁ'vf

7

s - .
*

b not been baSed on a study of the type of Bryum annptlnum'v='QQV

0 _ .
” Hedw1g whlch should be the legltlmate ba51onym . Hence,' -
,‘Koch S correctlon does not’ seem to be justlfied “3\1

Wllczek and Demaret (1970) followed Koch s (1951)

./

‘ arguments and used Pohlla camptotrachela for the spec1es,,

l.

‘.cltlng quum annotlnum Hedw as a synonym leEWlse, Lew1s_?"

and Smlth (1978) rejected Llndberg or Loeske ¥ comblnatlon,

:saylng that the name "had already been used by Llndberg

(l879) for p. roth11 (q v ) " 7_',: R T

P

X

EEY
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Present N menclatural Conclusions

- work,

.8
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s , o
The p esent dlscu551on is restrlcted to the nomen-

! %
clature OfvPohlia“annotina The 51tuatlon with respect
to the other propagullferous Pohllas is reasonably clear—

cut and will be dlscussed brlefly under the section

'"Lectotyplflcatlon“ and fin the systematic portion of this

-~ R e

’
*~

-As a reSult of the above‘literature survey and

:examlnatlon of authenﬁlc and type spec1mens, I can make

the followinq observatlons, 1nterpretatlons, and conclus1ons

»l) lhe pre- Hedw1g1an use of%\he eplthet annotlna (and the
learller phrases in whlcn it was 1ncluded) was extremely

.heterogeneous Durlng the so- called Dlllenlan era, Brgum

o

Viv(Mnlum) annotlnum was’ probably used for a member of the:

N

present genus Bryum_(]udglng by the spec1mens in the

herbarlum of Dlllenlus and Llnnaeus, f1d Llndberg£§1883)

hand Schlmper (1871) respectlvely) 2) Durlng the He@w1glan ;}

] era, Bryum annotlnum was used: for a broadly deflned | ::-4>?m
'“dpropaqullferous spe01es w1th varlable propagula (e g .f'
 flg 14) Most authors of | that tlme perlod probably used
vdij'the namebfor more than one presently deflned spec1es, €he

'7,,app11catlon of anyuone author probably dependlng on whlch

occurred ln the geoqraphlc reglon w1tn Wthh he/she was |

hmost famlllar 3) Hedw1g (1801) was the flrSt author whose

'1llustratlon and descrlptlon can be deflnltely a53001ated

. k- JNEE

jj_w1th a 51ngle, present spec1es, and hlS type spe01men

. '.o
i
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‘r\the 1ntended nomenclatural stablllzatlon The code'does S J§§_””

'allow that post startlng pornt names\may be typlfred by

j'Isovu_ta (1nf11tt ) has3poi_d' “ou '"L.} although gedw1g : Av_'<
. ) : ooeT Ty

“"includes that species, howeVer~in mixture. 4). Hédwig'si

'(1801) Spec1es HMus¢orum is the startlng p01nt for the

:

nomenclature of Musc1 (ICBN Art 13). 5) Lindberg (1879) ’ -”“y

. . o iy

made the first comblnatlon w1th the epithet annotina in ‘
. ("\\

Pohlia. 6) Llndberg used the name Pohlla annotlna 1n an

1n§lu51ve sense; not excludlng Hedw1g S Bryum annotlnum

in his use of the name, nor dld Llndberg nomenclaturally'

a -
LSS

exclude HedW1g s type in any of hlS publlcatlons 7) Pohlia
. | - y
annotina (Hedw;) Llndb:,ls the earliest‘validvnameffqr
. N R ) , A‘ et ‘ ,: ' * o . )
this’ species. = = . g ‘ S : ' .

» o

‘When arbitrarily setting a nomenclatural 3tarting t

»point'dat'e éuch as Hedwig's ~Spec1'es Muscbrum,’ it is inevié ;

rtable that there will ‘be some dlscrepanc1es between pre—

and post startlng p01nt appllcatlons of some}eplthets

( f Dlxon iﬁ%B My own oplnlon\ls that once such a datef A

\ -

ths agreed uponf(e g 'HedW1g 1801 \ only a rather strlct

| | .

adherence to the rule (artlcle 13, ICBN) can resuIt in "

o i T

”Ipre startlng p01nt references, though recomm%ndatlon 32A ' S
squests that such practlce should not be favored There :

- 1s no dﬂrect pqu151on 1n the code for the partlcular case

)“)

of POhlla annoclna~(Hedw,$ Llndb o whlch (as gadant ." SR

A

! .

i

'c1ted Llnnaeus,.the common agrument that "by chang;ng ’ “.S

,”’, o e N . . . L - i-
B A : . _ , o . AP



the starting-point the type could be transferred from
Linnaeus to Hedw1g does not automatlcally apply. Instead,
- the correct interpretation of Lindberg's nomenclatural

practice may be more important ....

Witﬁdfespect'to Lindberg's nomenclatural practice,
o : the qtestion ef importance is whether Lindberg intended
to publish a new species (as Lamégophgllum annotinum) in‘
1871, or whethet he was simply ptbliébing a new.combina-
tiob;‘lf he were intenging a new species; not homotypic
witﬁ Hedwig's (1801) eariier Brgu; anndtinum, tgen'his
. name Lamprophyllim‘anhotfnzm must be con51dered lndepen-
dently with respect to typlflcatlon If it is eoncluded
that Llndberg did not exclude Hedwig's type when publish-
ing Lamprophyllum annotiqum, then the p;oblem centers in
the typifiéation oﬁ'the epithet, ;%ndtina, this typifica-
tion fixing the nomenclature of both Bry@m annotinuﬁ
Hedw., and LemprOphyllum annotinum Lindb.
B Ev1dence that Llndbergﬁﬁidﬁnot lmpllCltly exclude
Hedw1q s type in 1871 . (he deflnltely did not exp11C1tly

‘exclude it) comes from several sources.

1) In 1867, Lindberg actually referred to the plant as

Bryum annotinum Hedw. Although this refenence has no

«

later publications (see discussion aboye) .

e

+ . : \ ‘ o /
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%

. indicated that this species was Synonymous with Webera

annotina (L.) Bruch (sic)‘ Aﬂlythough Lindberg did ﬁot

actually refer to Hedwig. here, the combination made bx . f

Bruch (ms., fide Limpricht 1892) was with reference to '55

Hedwig as:zhe authority. Again, since Lindberg did not i
o : ‘ E4

explicitly refer to Hedwig in his own publication (1871),
it could be argued tHEK-Hedwig'g type waslimplicitly‘
excluded, al%hough I think Lindbérq{s intentions are
clear. This is in full agfeement with the remarks of
Margadant - (1968) and lsoviita (in litt.).

3) In their flora of northern Asia, Lindber§ and Arnell
(1890) cited the plant as ponlia annotina (L.) Lindb.,
listing'Bryem annotieum ﬁedw. as a synonym.

4) The specimens labelled Pohlia (Lamprophgllum, Bryum,
Mnium) annotina in Lledberg s herbarium prove that he dld
not dse the epithet in a narrow or restrlcted sense,
excludlng the plant descrlbed by Hedwig.

1Y

GLven that.Llndberg did not p&blish either Pohlia or

Lamprophyllum annotina as a new species,- then the Hedwigian

epithet, annotlna, must ‘be ﬁyplfled There are several

p0851b111t1es for typlflcatlon Llnnaeusf_or'Dillenius'

specimens could be chosen siéé;?Hedwig (1801) referred to

these authors in his protologue of B. annotfﬁum, or a
specimen from Hedwig's herbarlum could be ChOSen. It is my

oplnlon that the latter is most approprlate because l)

Hedwig (1801) was the first author to use the eplthet in a

I
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modern and deflnable sense, not Dlllenlus, Linnaeus, Leers,
Roth @offmann, etc 2)Because of Llnnaeus practice of
discarding specimens in favor of\bettef'ones obtained later

'(Isoviita 1970), there is no way to know if the Llnnaean

spec1men referred to by Schlmper (1871) or the Dillenian: 1’
. N

specimen referred to by Lindberg (1883) should be consider-
ed authentlc and/or appropriate for typlflcatlon of the
eplthet annotlna ?) Hedwig's spec1mens are authentlc "and
approprlate, as 1ndicated by the page, plate_number, etc.,
from Species Muscorum in Hed&ig's handwriting 4) By

virtue of the standing of Hedw1g S Species Muscorum w1th
respect to nomenclatural prlorlty, it is advantageous to
typlfy from his herbarium, whenever possible. 5)'Typifying
the name from Hedwmg s herbarium is the only way to con-

serve current usage (by many authors) for the name. pohlia

annotlna (Hedw.) Lindb.

”Suqqestions for Lectotypification

N Typification of the names of all the North'American
propagullferous Pohllas 1S‘dealt with in some detEil‘under
the-appropriate species in the'Systematic section Comments
- are made here only with'respect to those crltlcal spec1es
releyant to‘the present dlSCUSSlOn. / !

e - .
Bryum drummondii C. Muller, Bot. Zeit. 20: 328. 1862. |
Demaret and Wllczek (1978) chose an’ approprlate lectotypek

bearlng an annotatlon by the hand of C. Muller . Drummond,

oo’
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. N -
Musci Americani (Rocky Mtns.) no. 263 (BM-Hampe 1.

"

Brgumffilum Schimper,‘Syn. ed. 2: 470.71876.;Type:
prope Chamounix (Payotﬁ.V (Lectotype:‘BMfSchlmper ).
Webera andalusica'Hohnel} AK. Wiss.‘wleb. Sitz. Matb—Nat.
kl. 104; 326, 1895; Type: "gﬁ 28 September'1992 in circa
2800 m. Hohe an feuchten Orten subwestllch vom Plcacho

de Veleta in def/g;erra Nevada ..." (Lectotype; FH-
Schlffber»!). ; | '

Bryum annotinum Hedw., Spec. Muscf l83; 1801. Type: "Habi-

tat locis arengjis argillosis, humidis, ad aggeres, fossas,

aqguas stagnanteSwCOntinentes Germaniae". Although no

specific soecime was referred to in Hedw1g S protologue,
the spec1men labelled "Chemn1t211 sax. lectum"_bears the
.plate and page numbers from Spec1es Muscorum ... 1n Hedwlg s
handwrltlng Artldle 70 (ICBN) allows selectlon of a 51ngle
plant from a herba 1um type sheet contalnlng an 1nter—
SpelelC mlxture The shoots labelled "1" on the above
’mentloned sheet have‘propagula in the leaf axils which
agree closely w1th Hedw1g s 1llustratlons (plate'43;vfig;
6,‘7).'(Lectotfpe: G- Hedwrg Schwaegrlchen !);‘dt | |

Webera proligera Llndb ex Breldl p Mettheil NatUrwiss.

’_Ver._Sterrmark 28, 1891 Lectotype "Schupfenberg bel Oblarn

s 12-l400 M" (GZU Breldler ). I have examlned nlneteen of /.

the twenty four syntypes referred to by Breldler (1891)

I

.,The lectotype 1s a handsome spec1men bearlng sporophytes.



EDAPHIC PREFERENCES AND GEOGRAPHIC FﬁpLOGY

ntroduction

The Bryaceace is a large, ecologlcally diverse famlly
;of mosses which characterlstlcally, although not exclus1ve—p
1y, inhabit soil in'open situatlons’ Bryaceous mosses are
often associated with hlgh latltudes and altltudes, but

v e

given the large number of spec1es in the family, they
encompass.an extremely w1de varlety of habltats Spec1es “,
of the genus Pohlia, like most members of the famlly,
’typacally occur on mlneral soil and . have thelr greatest 2
North Amerlcan dlverslty in the western cordlllera Among
'the approx1mately thlrty North Amerlcan Pohliia taxa, there
'ex1sts a range of ecologlcal preferences from Pohlla nutans,
‘commonly found on' rottlng wood | and Sphagnum hummocks at

one extreme to p. fllum, whlch is" largely restrlcted to

'pure mlneral SOll at the opp051te end of the spectrum

Between these two extremes the spec1es 1nhab1t a contlnuous_f“'ﬁ“

‘gradlent of substrate types 1n terms of. organlc matter'
-contentv and the preferences of . 1nd1V1dual spec1es‘are
cpoften narrowly and characterlstlcallv deflned (see below)
.Some spe01es (e g. ‘Jl crud01des,tPﬁ longlCOlla) occur .:.

con51stently in protected 5011 fllled rock crev1ces and
are. rarely found in the open on eXposed SOllS, whlle most

spec1es 1nhab1t sunnler habltats on tundra 5011 or along

'roadbanks or streambanks. The habltat preferences of most

./
-
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],from aCldlC areas POhlla wahlenbergll 1S a: Very common

114

‘I‘
‘ -‘ ;v‘ ! 0 .. \) ¢‘ . ) . '
SpeCles are so characteristic that it .is possible to

reliably predict. their occurrence once their preferences
and geographic distributions are known.‘A‘few species

L}

-(e.g. pP. ludwigii, P. cardotii, pP. obtu51folla)'are almost

totally restrlcted to alplne tundra soils and are frequent

'rmembers of alplne plant assoc1atlons wherever the bedrock

‘lS siliceous and the" derived 5011 1s mlldly ac1d1c to

neutral 1n pH Most spec1es (lncludlng members of the

, propagullferous complex) are characterlstlcally found in

Somewhat protected pockets on’ 5011 banks borderlng streams

or lakes and are frequent along the banks of roads and. |

vpaths

Spe01es in the sectlons ramprophgllum, Pohlld and

POhllella most: freguently grow -on 5011 in Wthh the pH 1s

';4 5- 6 0 and can be. Characterized as aCldOphlllC,» lthough

"they do occas1onally grow on more calcareous s01l Members

of the sectlon Mnlobrgum are more ca101ph111c, often

~: grow1ng ‘on s01l of pH above 7 O and are mostly absent

o

_ moss of mOlSt calcareous habltats, but thls spec1es w1ll

occa51onally be found along streams in whlch the 5011 pH

»'1s between 5 5 and 6 0, and may co- eXlSt‘Wlth such mlldly
4dCldOphlllC speC1es as P. filum. For the most part however,
"members of the Mnlobryum group are well deflned ecologlcallydav
}and rarely co- ex1st w1th other members of the genus, even

'where the geographlc ranges of several spec1esrfrom all
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four sectiong of Pohlia overlap; This kind of ecological

dlfferentlatlon makes the term sympatry dlfflcult to

deflne, since for all practlcal purposes, populatlons

whlch are geographlcally sympatrlc are clearly allopatrlc_

w1th respect to the potentlallty for 1nterbreed1ng (Harper
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et

" al 1961 proposed the term synectlc for the 51tuatlon in which

d__specres are both geographlcally sympatrlc and co ex1st

ST

E ‘arctlc and/or subarctlc alplne tundra It frequently

/hecologlcally)

Members of the propagullferous complex are most common

H

_on 5011 of the 4 8 -6. O pH range, and each spec1es eXhlbltS

a y B
an 1nd1v1duallst1c response to 5011 pH (See poaulatlon

’

.data presented below) 'mhe most common habltat for the
»complex as a whole is on dlsturbed 5011 borderlng roads'

;and hlklng paths and most of the spec1es also occur 1n’}f’

more. natural" habltats as well Pohlla andrewsii)'unllke ;

_any other member of the propagullferous complex, is most’

‘.

'.,_1thyphglla Br1d .and is uncommon on the more exposed

pftundra 5011 surroundlng such rock outcrOps where p.

/~:and P drummondll both;frequently_rnhablt»51liceous},alpinegs”

- frequent 1n the crev1ces among 51llceous rock outcrops 1n-ff

co ex1sts w1th spec1es such as P crud01des and‘Bartramiava

drummond11 often occurs On occasron, P; andrew511 is alSO

'found on roadbanks 1n north central Yukon Terrltory and
'Alaska, but 1t is: less frequent in such man-made habltats

” than are the other propagullferous spec1es Pohlia tundrae



L 116
e

v'tundra‘soil,tbut alsotoccur on roadbanks.and:other'dis—»
'turbed 51tuatlons falrly frequently (espec1ally the latter
;spec1es). Just the oppos1te s1tuatlon is true for ps o
andalusrca and . p. camptotrachela, whlch are most Common'
)

valong roadbanks, occurrlng occaSLOnally but less frequent—-
.ly on tundra SOll Pohlia annotlna, P. prollgera, RrQ“
‘camptotrachela, and although generally less common, P{

bulblfera; are the domlnant mosses of roadbanks and

Vﬁpathbanks 1n s1llceous areas, where they often co- ex1st

e w1th chranella crlspa (Hedw ) Schlmp D.. grev1lleana"

(Brld ) Schlmp t»shreberiana (Hedw ) Schlmp and other
', ruderal specles Pohlla‘fllum is qulte specrallzed ecolo~~'
t. gically for habltats of low organlc matter content (see_h
v»below),;and 1s most frequent on bare mlneral sands and
‘fgfavéls along streams, espec1ally along glac1al streams.
:where meltwater is constantly dep031t1ng new, organlc—;?ﬂ’
d:free sedlments alonq 1ts course Pohlla fllum‘lS the lhd

fdomlnant propagullferous spec1es colonlzlng gravelly

7'road51de dltches in central Alaska

It is apparent that the propagullferous specles'each
‘phave two characterlstlc habltats, one in™ dlsturbed 51tuae_'fh’
'm'tlons and the other in more natural"'habltats It 1s |
loglcal to presume that 1n the absence of: man—made dlsturbed
'habltats (Wthh obV1ously have not ex1sted for more thah a’
7?drelat1ve 1nstant in the evolutlonary hlstory of these |

o spe01es) members of the propagullferous complex would be



restrlcted to‘the natural hab;tats in mhlch they are sgme—
tlmes presently found A consequence of thlS observatlon
15 that judglng fro the relative frequency of,the;r
occurrence 1n_natuer»as”oppOSed to'disturbed habitats,pll
‘today, they must not have been as common. in the past
, Tt is approprlate here to deflne, for the purposes'
of present dlscuss1on, several ecologlcal terms wthh
-although arefof common use among blOlOngtS, -are applled
‘with varylng deflnltlons by | dlfferent authors I
Niche. Grrnnell (1917) flrst used the‘term nlche w1th
reference to the ecolo;y and dlstrlbutlon of theuCallfornla
- Thrasher (Aves) Grlnnel used the term 1n a phy51cal
_h.sense to deflne'the place whlch the thrasher occupled in(
'wrelatlon to 1ts assoc1atlon w1th other speC1es in. the i“7;: .
FCallfornla chapparal vegetatlon Thus, Grlnnel deflnedfthe}
thrasher s' ultlmate assoc1atlonal nlche", saylng thatfitf,_ykf
- 1s one of the mlnorbnlches whlch w1th thelr occupantsﬁaflq
together make the chapparal assoc1atlon (quoted 1q ‘H |
FWhlttaker,_et al 1973) Charles Elton (1927) used theﬂ 7»f”
term in: a more functlonal sense, deflnlng a’ spec1es ‘n1¢heff")
(w1th reference to anlmals) prlmarlly 1n terms of the
. food 1t eats, and thus llnked the nldhe of a spec1es to'(
| the trophlc structure of the communlty whlch 1t 1nhab1ts
ThlS appllcatlon of the nlche concept is exempllfled by ;

the work of Odum (e g. 1953) who deflned the nlche in termsf=u

of a spec1es functlonal adaptatlons for procurlng food ln ‘
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itsecologicalsetting,So:i(}ater,ecplogists (e-g:gSaVage'
1958). used the niche in sud |

&

similar’ to the appllcatlon of Elton than to that of

‘a'functknal context more

Grlnnell. Hutchinson- 94958) formulated the modern niche
7concept- pr0p051ng that a spec1es is affected by a set

hof enV1ronmental varlables along a resource gradlent such
that w1th1n a certaln range of that graﬁlent the spec1es'

L]

'ls able to surv1ve, but: beyond whlch 1t 1s phy51olog1cally
lfunable ‘to ex1st He further concelued that the shape of
the so called utlllzatlon functlon of the spe01es along
3
that gradlent often takes the form of a normal dlstrlbu—
‘tlon,_w1th the spec1es potentlal for surv1val belng |
greatest 1n the center'(the phy51olog1cal optlmum) and
_gradually decrea51ng in elther dlrectlon untll ‘the phy51o—-’
‘:loglcal llmlts are reached Slnce a spec1es 1sfsubjectrto,,‘l“
and affected by, many such env1ronmental gradlents
5251multaneously, Hutchlnson (1958) suggested that the
;utlllzatlon functlon along these n- gradlents, deflne an"‘
:h dlmenSLOnal hypervolume w1th1n whlch the spec1es 1slct
'hphy51olog1cally able to ex1st Thls abstract n- dlmen31onal
”;hypervolume may be v1suallzed as a cloud llke form 1n fd:'

_whlch the frequency of resource utlllzatlon 1s greatest

,near the phy51olog1cal optlma, and decreases outward

'?ﬁatuntll the phy51ologlcal llmltS are reached ThlS hyper—tﬁ»

-[volume may be termed the fundamental nlche Because no

~:”spec1es llves 1n an ecologlcal vacuum dev01d of co ex1st1ng
: DY O . : L R
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'+ comparing niche relations among a group of congeneric

Cooad .

studies of animal, ecology), it is of limited value in "~

T

sense (cf. Elton 1927) is entirelyAvalid.(especiallypinﬂ 2

b
3
b4

\

-

_plantsrof the same‘trophic“levelf Niche-is therefore 'ﬁ
'deflned presently in a phy51cal sense, belng a measure of

the klnd of place a glven speC1es 1nhablts It can be seen

Ee

'vthat the nlche concept has llttle meanlng except w1th

Y

respect to:a partlcular species, a g 1t is therefore not

i

| poss1ble to speak of empty nlches , to ‘be fllled by an

5nq organlsm Obv1ously,'1t is 1mp0551b1e to. measure

e of the 1nf1n1te (n) :env1ronmental gradlents.

characterlze the nlche hypervolume of a- spec1es

,a few factors can be seen to be “of overrldlng <ji'

rtance in determlnlng the ecologlcal dlstrlbutlon of

ec1es; and a start can be made at quantlfylng a spec1es
. : o

he by measurlng 1ts resource utlllzatlon along these

“;adlents. Root (1967) tqimed these crltlcal env1ronmental
R - ',v‘ . t .A vA . -

',gradients.the aadaptive core ‘of 3 spec1es, and suggested

S 120"

'ﬂ]ﬂthat although co ex1st1ng spe01es can tolerate con51derable

'._'spec1esu .vf o f'°~' ;i L jvff"‘ Q;-th,'7: L

'nlche§overlap w1thout competltlve exclu51on occurrlng, 1t

-"Habli

gt oy

. . .\.’

7.7cont1nued mutual surv1val of several ecologlcally Slmllar

at | ThlS term 1s used casually by most botanlsts 1n_=

1stent sense to deflne the ecolog1cal settlng thEh

oy

"‘1s thlS adaptlve core Wthh must be separated to allow for ,f;.:‘

's occuples 1n the overall landscape of a. geographlc‘-~-~a
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_nlche hypervolume is deflned by 1nten51ve, or w1th 1n

'-dlstances, such as elevatlon, slope exposure, etc ’ and \

l'of a spec1es over these gradlents may be termed the
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region. That is, one speaks of: ‘the habitats of Sphagnum

spe01es as belng rlch medlum or poor fens, or of Ortho-

trlchum spec1es as belng dec1duous tree bark or rock

" surfaces. Whlttaker et al. (1973) attempted to formallze

the distinction between nlche and habltat concepts, and

4 ' A

* their dlStlnCthnS are of value 1n the present dlscuss1on.

‘They p01nted out that the nlche hypervolume, as conceived 7»

of by. Hutchlnson is w1th partlcular reference to the place

‘-

Ca spec1es occuples in a. 31ngle communlty (51nce Hutchlnson

‘was concerned Wlth competltlve relatlons of spec1es whlch

-

' actually co- ex1st w1th1n a glven habltat) That is, thet_ ‘

communlty env1ronmental gradlents These'gradients are

"then consrdered to constltute nlche gradlents (Whlttaker

:pet al. l973) In contrast to the 1nten51ve gradlents,'

l\

_there are’ the SO- called extens1ve, or habltat gradlents

o kY

These are env1ronmental gradlents mhzch\Vary\ozer larger
219 | _
\\\\,.

the abstract hypervolume deflned by the resource utlllzatlon;

8

habltat hypervolume (Whlttaker, et al 1973) When one
2

2 *_w1shes to con31der 51multaneously both nlche and habltat

:thypervolume

lgradlents, Whlttaker et al suggest the term ecotope, and'

'f.concelve of such an abstractly deflned unlt as the ecotopef‘

f
I8 -
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‘ The synecologist who is cdncerned'with”the)Organiza—'

)
Q : tion»of spec1es:1nto communltles, and w1th problems Rf

~ ™y
fapen

species co- ex1stence, llmltlng 51m11ar1ty and competltlve

. /
exclu51on, is concerned prlmarlly w1th subjects relatlng

<

A

to the nlche< on the other hand “the pOpulatlon ecologlst M ““3;

or ecologlcally orlented systematlst is’ concerned w1th t

a spec1es ecotope as the unlt of ecolOglcal evoIhtlonaryf.

g
change. Ecologlcal dlstlnctlons between closely related
.

i . (’
o e speC1es may take the form of nlche dlfferentlatlon or {-, Ca
. i ‘v ’(\\ i ~.‘ ‘ “ -
habltat dlfferentlatlon and dlfferences in elther &br e

both) habltat and nlche constl ecotope dlfferentlatlon

5

-rFor example,fWithin the”genus Pohlia, P. nutans and P. cruaa

habltat",'while the 7

Iatter occurs-ln the ﬁso , bank h'bltat"._Conceivably;~f7 ERAEERE

nlche dlfferentlated on the ba51s of elevatl n sp'c1f'

o _"'(whlch probably affects s011 m01sture) on a 81ngle such
Te— . L :
T 75011 bank (see below). Hale (1974) reportgd that Parmella_-
'caperata (L ) Ach and P swlcata Tayl are dlfferentlated
'{along an 1nten51ve, elevatlon gradlent on bark of the genus
iﬁécer Thus, these two spe01es of @he genus paraéilg have‘nm
‘ ieVOlved ecotope dlfferences based on nlche dlvergence;VZkv p.”xﬁQV
even though thelr habltats (Acer bark)'are 1dent1ca1

- 7 Two env1ronmental gradlents are presently be&ﬁg
con51dered 1n relatlon to the frequency occurrenc% of kd‘ 'ff .:f-f_r;;



"groups of species. For example, Pohlia nutans grows most

123

populations of the propaguliferous Pohlias. The first

"ecological factor, soil pH, often varies considerably

within a given habitat (Snayden 1962, unpubl. data),

frec
AN

\ N . » . .
,and\thus'constitutes a niche gradient along which\ species

may be differentiated. It shodld be pointed out, however,

that the pH gradlent could be considered a habitat

.gradlent[ 1f considered in some othek context with other

_";“ . @p{..
frequently on rotting logs whlch have a pH in the acidic ‘

@

range, although these logs may be found where the H
surroundlng mlneral soil 1s,dlst1notly calcareous. In this !
case, P. nutans could be considered to be habitat differ-
entiated from other species in the area, one critical

factor determining its habitat being its posiéion along

the substrate pH gradient. The second ecological factor

o

presently being considered is the per cent organiq’matter

Al

in the soil immediately underlying popu%gtions, and like

i

: : gt
pH, tHis gradient could be considered either a niche

gradient‘or a habitat oradient in different,contexts. It 7
R > 4 .

wasrqualitatively-observed that the three basic habitats :

which these propaguliferous.species oocopx are tundra, |

roaobanks} and water—deposited gravel‘or sand, and these

can be quantitatively defined- by the organic matter content

<

present 1n each. For this reason, the organlc matter

gradlent may be considered to comprise ®he habitat hyper-

volume rather than the niche hyperyolume.‘In one case,

)

within the roadbank habitat, it was found that the vertical

B
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sides of the roadbanks consistently have a higher per

cent organic matter than the frequently water—flushed"'
gravels along the base, and this consequently constitutes

a niche gradient within such habitats.‘Pohlia.camptot;athela
is'often niche differentiated from P. proligera and P.
annotina along this gradient, and rarely actually'co—exists
with them, although it mai occur in the same habitat:

That the distinction petweén niche and habitat gradients

‘is sometimes not absolute does not detract from tne value
of conceptually distinguishing these ideas (as was noted

by Whittaker et al. 1973). It should be -added that no

=
|:4

attempt was made to measure the fundamental niches of these

Y

Pohlia species, since all data were derived from field
observations, and therefore specieS' distributions are

those found when each is interacting with other community
% o T ,
members, both congeneric and otherwise.

Central niche. Watson (1974) studied six species in the
‘Polytrichaceae in order to quantitatively measute theif
uwtilization along selected gradients of the niche hyper-
volume (she selected 1ight and substrate pPH as the two

b « —

gradients). In her presentation of the data, Watson

comp Ted what she’called the "central niches" of those

RN 3
=

spec1es, whlch she deflned as the region along each

resource gradlent bounded by the mean + 1 standard dev1a-

X 9 /
tion of the values for each species. The central niche is
thus a subset of the realized niche, comprising that

s

N
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) B4 |
portion of a resource gradient which a species utilizes

most frequently,,i.e.'in qualitative terms, the most
"typical" niche of a»species. The central niche is present—
ly defined as the smallest interval of the resource gradl—
ent w1th1n which thlrty per cent of the populatigns of a
given species are found.

Niche Breadth. A number of approaches.have.been suggested
for the.measurement of niche breadth (e.qg. Colwell &
Futuyma 1971, Roughgarden 1972) For}present purposes,

one standard deviation of the mean of a species populatlon
dlstrlbutlon along an env1ronmental gradlent was selected
for its SlmpllClty, and this value is consrdered suff1c1ent
for comparlson of relative breadth of spe01es utlllzatron |
“of resources along such a gradient. Nlche breadth is -
essentlally a quantlflcatlon of” the concepts of spec1allst_'
versus generallst when dlscu551ng the ecology of spec1es

That is, a spec1allst has a narrow niche and a generallst

©

has a broad nlche When deflned ‘in thlS way, it can be

seen that descrlblng a spec1es as generallst or spec1allst

is most meanlngful when made wrth reference to a srngle

;environmental gradlent '31nce any -one spec1es may be a

specialist along one gradlent whlle belng a generallst

' along another Consequently, it 1s of 1nterest not only

to compare niche breadth between spec1es along the same

¥

gradlent but also to compare breadth of a 51ngle species

along different gradients.

- ‘ ] A/

]



- the result of a compromise between these'conflicting pressures.

e

126

Niche breadth is controlled by complex and multiple

factors, and is affected by such things as bhe rarity of

resources. along a gradient, and a variety ofylnterspec1f1c
1nteractlons. Roughgarden (1974) predicﬁed (and provided
supportiyesdata) that niche breadth decreasesaWith
increasing productivity, and increases with decreasing
competition. Root (1967) has p01nted out that there are
antagonistic pressures cont@Oliing the niche breadth of
species. Interspe01fic competition for limlced resources
within a commnnity‘implies selection forlniche contraction,

while intraspecific competition for resources may result

in niche expansion. The niche relations among species in

avcommunity (and thus community structure itself) is

- The ecotope of-a speCies may be con51dered the
ecological expre551on of the spe01es, just as ltS morphology
is 1ts structural expre551on. Most»taxonomists define

spe01es on the basis of thelr morphological uniqueness,

such that by deflnition, no two speCies have the same"

/

, morphology. By,the”same token, rf our mOrphologicallyv"

.definedpSpecies.have biolqgical,meaning&fit follows that -

3

no two species have the same ecotope. Modern community

ecology 1s based on this idea of spec1es ecological

o

indiv1duality (Gleason 1926), and thlS also forms a. common

theoretical basis for evolutionary biology and synecology

\
s

' That is,.a community‘may be conceived of as an aggregation
. \ . , . . .
A

A
|
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of . evolutlonarlly dynamlc specres populatlons‘dlstrlbuted
1nd1v1duallst1cally along env1ronmental gradlents (Whlttaker
l967 l969 l970) One who 1is 1nterested prlmarlly in |

‘synecologlcal problems may study soeC1es relatlons'to

_one another (1n terms of dlver51ty, etc ) along envrron— : ‘}1'
mental gradlents, whlle %he evolutlonary blOlOngt may
utilize the same data, but focus on 1nd1v1dual specres
of 1nterest in terms of thelr eCOlOglcal expressron
For. example, Whlttaker (1956), u51ng data derlved from

, communlty sampllng, constructed a two dlmen51onal habltat
dlagram for QuerCUS prlnus L whlch 1llustrated the
ecologlcal 1nd1v1duallty of thlS spec1es in the Great
Smoky Mountalns, Tennessee In a s1m11ar manner, Hutchlnson
(1970) constructed the nlche expres51ons of three spec1es

| of aquatlc anglosperms in the genus Myrlophyllum usgng .

data collected for llmnologlcal studles of freshwat r

",_u“vegetatlon Hutchlnson s data clearly showed the ecological

1nd1v1dua11ty of these three congenerlc spec1es, prov1d1ng

valuable data w1th respect to the structure of communltles
1n whlch they occur, as well as prOV1d1ng addltlonal data

. whlch can be . useful in asse531ng the tamonomlc status of
the spec1esb V1tt and Slack (1975) ordlnated spec1es alOng
envrronmental gradlents 1n Sphagnum domlnated kettle hole"
bogs, and found each to be dlstrlbuted 1nd1v1duallst1cally
w1th respect to the nlche gradlents that they measured

Spec1es 1n the genus Sphagnum, although commonly occurrlng SR ///

/
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in rnt%ibgenerlc mlxtures of . hlgh spec1es dlver51ty, are B
'clearly niche dlfferentlated within a common (bog) habltat
VThls ecologlcal spec1f1c1ty is often 1nvaluable in_ deter—~
mlnlng Sphagnum specimens (Vltt verbal communlcatlon)
and Sphagnum represents an. excellent group for studylng
‘niche relatlons of congenerlc spec1es Alplnls and Dloques'
(1933) and Alplnls and LaClS (1934) documented the pH
preferences of a range of bryophytes and OChl (1959 b),
and OChl and Mlzushlma (1963) reported 81m11ar data for{
.-selected spec1es in the Bryaceae and Bartramlaceae, respec—h
ftlvely OChl (1959 b) found that most spec1es in the"
Bryaceae are "broad adaptlve” mosses in. thelr relatlon e
'dto the pH gradlent but also suggested that certaln more_hu
narrowly adaptlve spec1es_(i£e§ hav1ng a narrow nlche ‘s:.
Ctbreadth) 1n the genus Pohlla may have con51derable 1n—’7
-dlcator value by V1rtue of thelr nlche speclf1c1ty The
present study was undertaken to l) document the potentlal
hlndlcator value of the propagulrferous spec1es 1n Pohlla fﬂ',lf
bfhfor 5011 charaiéerlstlcs and 2) to document the blologlcal"
umeanlng 1nﬁterms of edaphlc occurrence of these spec1es.

: as they are deflned on morphologlcal crlterla

'Materlals and Methods"
A total of 293 3011 samples ‘were. gathered in COH]UHC‘_:~
tlon with the collectlon of herbarlum spec1mens for mor- -

phologlcal study Collectlons were made durlng the summer

19



b

=

populatlon Flve grams of each sample was measured for-

’for these spec1es such

129

Iy . . P

'.of 1978. over a large geographlc area in western North

Amerlca,'ranglng from south eastern Alaska to Oregon and %
Colorado in the western cordrllera 15011 was~gathered
from. the surf1c1al 2-4 em., 1mmed1ately underlylng Pohlla“
populatlons and should Tepresent surface s01l character—_

!

1st1cs as encountered by a COlOanlng and/or grow1ng
N

'»ihydrogen ion concentratlon (pH) u51ng a. Beckman Electro— :

s mate pH meter in.a saturated SOll paste consrstlng of 5011'

“orqanlc matter u51ng the wet combustlon method descrlbed

1 _},/ .

by blmSaand Haley (1971) Four populatlons (two of P

"'decaylng wood and these were excluded from the statlstlcal
d'treatment of organlc matter data.FWhlle these are note-?}'_
v'r_‘worthy occurrences, thex are deflnltely ecologlcally

= fatyplcal and 1nclu51on of them 1n the quantltatlve datavv“

at they are,rendered all but

'_meanlngless A total of 289 populatlons3were consequently

'{measured for organlc matter content

g /

i'ﬂ__' Statlstlcal comparlsons of spec1es -resource utlllza—

'rh'tlon along gradlents of pH and organlc matter content were

made by comparlson of populatlon dlstrlbutlons rather than'

T 5
'.on the ba515~of dlfferences ‘in- populatlon means..Important

o

2

S

‘plus dlStllled water An addltlonal portlon of each sample'.r

4tfrom whlch pH had been measured was analyzed for per cent i,'

prollqera and two of B drummondll L/were Collected on -

',pmodlfles ‘the descrlptlve;statlstlcs of resource uglllzatlon ey



.ffhls nonparametrlc test makes no. assumptlons concernlng

‘niche (and habltat) dlfferences between spec1es often

take'_the form of dlfferences in the proportlons of

130 .

"v“resources,utrl;zed along . a common gradlent, even where the . .

sbecies:explolt.essentlally.thebsamehresourcesd(Colwell'&
;_Futuyama 1971 'Hutchinson l9655.-Consequentlyiait iéV

’a con51dered that comparlng utlllzatlon dlstrubutlons is a
more- useful test of nlche dlfferentlatlon than comparlng

a 51mple locatlon estlmate such as the populatlon mean
Vr‘The Wllcoxon slgned rank test (Dlxon & Massey l969) was '}»f
Qzemployed for comparlng resource utlllzatlon curves because

r

'gdlstrlbutlon shape Two dlmen51onal dlagramS/show1ng

'n-ﬁutlllzatlon along pH and organlc matter gradlents 51mul—-~f"

”‘*;Ttaneously were constructed for each spec1esi(e g flg 18),

/

“"Some mentlon of thelr constructlon 1s approprlate here S0 -
‘_that thelr 1nterpretatlon 1s clear The outer c1rcle of L
‘geach flgure 1s deflned by four pornts, two p01nt dellmltlng

#

ﬂf:the range of sorl pH on whlch 90% of the populatlons of
1‘that specres occur (vertlcal ax1s)f~and two pornts dellmlt; ;
»1ng the same range 1n terms of organlc matter content The |
90' percent range 1s the central 90% ‘l;e,-the max1mum.5% .
fnwalues are excluded as are the mlnlmum 5% The mlddle |
c1rcle (black vertlcal llnes) dellmlts the 50% range of

lthe two gradlents, and the 1nnermost c1rcle (solld.black)

f_-represents the Central 20% range of values The two .



4

'“v4%:»(1.e/ the probablllty of the two 1ndependent events

G

qradients, organiC»matter content'andva are not. correlated
- so these flgures do not represent scatter dlagrams 1n whlch
- the c1rcles dellmlt areas of decrea51nq den51ty of occur—

rence In the dlagram for P 'fllum,,for example (flg 20),

a populatlon grow1ng on soil w1th l 3% organlc matter

(w1th1n the black 1nnermost reglon) dld not necessarlly

shaVe a. pH between 5 6 and 5. 8 (also w1th1n the black
_jc1rcle) Because the two gradlents are 1ndependent a 5011

”'yfsample w1th l 3 organlc matter could have had a pH any—_

where in the total range for that spe01es (4 99-8 09).

JFThus, lt,;salncorrect to say that 20% of the populatlons

e

g"offp;.ﬁllum'grew:onusoil w1th the pH between 5. 6 and 5, 75
vand w1th an organlc matter content between l 2 and 1 4.

’lThe correct probablllty that that statement 1s true 1s¥

RS

"loccurrlngl The value of these flgures 1s 1n comparlng the
gutlllzatlon breadth of a’ specles 1nlrelatlon to the two
‘Gllndeoendent gradlents‘ For example,'lt can be seen.from

J:lthe flgure for B. fllum that thlS spec1es.occurs over a’

:.narrow range of organlc matter content as compared to 1ts

.} o

"broader occurrence on. 5011 of varylng pH Contrast thlS to
‘the flgure for P ?annotlna (flg 25) Wthh is more varlable :
~along the organlc matter gradlent than the pH gradlent

wahe dec181on to connect the four p01nts dellmltlng each

‘Arange of percentage occurrence by rounded llnes was an

farbltrary one, the flgures could just as well have been

~ R
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drawn.as concentric squares.‘The choice was for aesthetic ”

_ reasons, because the flgures are only 1ntended as a meansv*

for gross comparlsons between spec1es.

b

Results'

In the present sectlon, ‘the occurrence of propagull—,

-ferous Pohllas 1n relatlon ‘to env1ronmental gradlents is

-dlscussed -and the‘ecologlcalvpreferences of each specresv

is summarlzed;

_P.'drummondii POhlla drummondll has the hlghest mean per

”cent organlc matter contemﬁ in 1ts substrate of any spec1es

‘1nvest1gated (2 35) except for p. ,tundrae, w1th Wthh 1t

-4

3f’frequently co ex1sts Its central nlche along the organlc

matter gradlent 1s 1n the 2 25 2 70 range, 1nd1cat1ng that:3'7

’ 'Suoccurrence 1s 1n relatlvely humus rlch tundra SLtuatlons

”thn rlch subalplne habltats, where competltlon whlch
j‘va3cular plants is probably keen,d "drummondll is fre-f
. T R S

'quently restrlcted to the banks of small streams. In such

',1nstances, 1t generally occurs on. rlch, more or less

:organlc banks, and 1t 1s very 1nfrequent along glac1al

estreamShwhere there 1s a constant bulld up of loose, TQ,”

’,jlts most typlcal habltat 1n terms of freqdency populatlon f_

;1norgan1c alluv1um In alplne 51tuatlons,‘ drummondll-f"

iuls found mostly 1n the mlddle alplne zone where plant

'

' cover is more or less contlnuous When the tundra has been_uxmf"

'fdlsturbed by motor vehlcle tracks,»,;:drummondll, alongl



"vrottlng w

with P. ’tundrae: is a frequent colonlzer 'In lowland to
'montane 51tuatlons,f . drummondll occurs falrly frequently
Jh'along pathbanks, roadbanks,'and along moderately humus-
" rlch streambanks‘ In flgure 17, it can be seen that in

addltlon to 1ts prlmary occurrence on 501ls with 2. 3-2.7%

v

»f,organlc matter (alplne tundra) there ‘is a secondary

"reglon of hlgh frequency in the 2 O 2 3% range, and thlS

corresponds to such roadbank habltats, where p. drummondll

w .

' sometlmes co- ex1sts with P. -tundrae,,P. prollgera, Bryum
]creberrlmum Tayl etc Only 1nfrequently does thlS spec1es§

»occur on sandy stream marglns wrth a lesser degree of ‘

”orqanlc matter content (l 0-1. E range in. flgure l7) n'fk

several o§7a81ons,.l have collected P drummondll on

od, and-at whlch tlme 1t was found on logs 1n
o the flnal stages of decomp081tlon.»
Fer flgure 18 lt can be SLen that P. drummondll has .
"avapprox1mately the same amplltude 1n relatlon to 5011 pH .

R . N

f»and per cent organlc matter The dlstrlbutlon of P drummon—hi

o = P
' ,lel populatlons along the pH gradlent i more symmetrlcal

”dzdln form (flg vl7); extendlng over the range 4 40 6 70 but '
v,ls centered in thecﬁ 47 5 78 range (the central nlche as '
'hdeflned above) In Alberta,_ drummondll occa51onally ‘;{"
uoccurs 1n calcareous alplne tundra; where lt often produces

‘,'numerous sporophytes, but few propagula . |

fllum Pohlla fllu Jls a most dlstlnctlve spec1es

f‘ecologlcally, and is very predlctable in 1ts occurrence._;u*

133
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s or lakes, occa81onally growrng on. dunes, on bare

'al moralne deposrts or other areas of a srmllar in-
3 ~.

ic nature Along the organlc matter gradlent it

A

the value for 1ts niche breadth (0. 3l) along thlS

{

es 2 3). Only P, 'CamptotraC”ola shows a srmllar

o : »oo- ’ o

v‘afflrlty for organlc poor substratesv but‘ﬁhe geographlc

vdlstrﬂ

B ln. 1,Jh Columbla, Washlngton and Oregon ‘gpere the two )

' s
sp cles are sympatrlc, they sometlmes grow 1nterm1xed

'along streams or. at the bases of roadbanks POhlla fllum L

l_shows a notable afflnlty for recently glacrated areas,

Eﬂirbelng partlcularly frequent on 1norganl¢ outwash along
. ‘,./ .

")

b-bralded streams or other geomorphlc feat res assoc1ated

k)

”wa1th glacral meltwater At sea level along the panhandleird

'of Alaska,w fllum is. cbmmon and often occurs as. an:,f f"'

‘-zexten51ve ground cover 1n front of the many presently

~

"[freceedlhg glac1ers 1n that reglon Durlng the latev.?l"

Yo,

h,Plelstocene, when such glac1ally lnduced habltats were _'ﬂ‘f‘*

'fgmore w1despread 1n North Amerlca, ? fllum was probably

b{'also more frequent and w1despread Qulte possrbly,_f} fllum?ul.

: could have mlgrated %cross North Amerlca at the foot of

‘ . e

""the retreatlng rce, although the hlgh pH of much of these:'

-”51norgan1c sedlmehts could also have restrlcted mlgratlon"

i
4 . R
i - BN
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upies a‘characterrstic\position inftheVQ.9flL7% range,’

-nt 1s the lowest of any spec1es along elther gradlent,

outlons of the twWo. spec1es scarcely overlap However,.Q““

o



g

to some extent. In a s

' ex1st1ng in. present day, relétlvely restrlcted "glac1al

9

se, P. filum can be thought of as

o refugla / where it can weather these 1nhosp1table 1nter—ri

Vglac1al tlmes untll a renewed gla01al eplsode o) rs! The
‘present dlstrlbutlon'of P. fllum is probably controlled
o_ln part by 1ts edaphlc llmltatlons, and it only %Qéﬁif
in %reas of Vorth Amerlca whlch were gla01ated during the
Plelstocene It has not been collected 1n the Rocky

G

’Mountalns south of the Canad1an~U S. border (flg{ 37), -

.,2. N

cand thlS probably reflects, at least ‘in part the relatlve

restrlctlon of glac1atlon 1n\the central Rocky Mounta1ns:

; ’and c0nsequently also the klnds of sedlmentary landforms

: \"‘._: ;’ . N >,
4. SR B

that are SO produced ' ,’“)c/

x" \.

:t. Along the pH gradlent (flg l9)) P* fllum s moref°.
”broadly dlstrlbuted,-occurrlng on SOllS from pH 4 9= 7 0.

‘f'Its central nlohe along the pH gradlent is pH 5. 52 5 85

o

" and 1ts nlche breadth (0 62);15 the hlghest of any spec1es

n

*halOng thlS gradlent (table 2) - As can be seen from flgure

,%O,fPL fllum 1s muc_ more narrowll llmlted along the _'.o

T <3 e

i‘organ1c matter gra 1ent than the pH gradlent, and 1ts
o : ‘

=

fgdlstrlbutlon along the latter is asymetrlcal,{w1th more.t
apopulatlons above the mean than below ‘Pohlla frlumvls.

Q"Slmllar to. Brgum pallen§ (Brld ) Sw e% Roehl 1n 1ts pH
vftolerance, but although the two often co ex1st Brgum

. pallens occuples an even broader range of 5011 pH (unpubl

N .
4

data) Bryum pallens Often co- ex1sts w1th P :an,_‘no__‘tlna_on A

%
b

g,/gff\gq;:r



soil of pH around 5.0-5.5, mith p.hfilum on SOil'ar und pH 3

v 6.0,’andlwith P. wahleﬁbergll on soil of pH 7.0- 8 0. 0

501ls in the neutral pH range, Q,‘firum sometlmeS’also
vco—ex1sts,w1th.such calcrphlllcpspeCies'as Aongstroemia.
. ) - . ..v. .

longipes (Somm:.) B.S.G. Or even Pohlia vexans® (Limpr.)_ ,

H. Lindb. - = . R B /‘f
P. ‘tundrae: Pohlia tundrae'isfa Characteristic alpine .

&
moss in the western cordlllera of North Amerlca It usually

<l
occurs from juSt above treellne to the upper llmlts of

<

more. or less contlnuous vegetatlon, belng a Common member

9.

d . o

_-of mlddle alplne plant assoc1atlons The dlstrlbutlpn of | e
..ét.tundrae populatlons along the organlc matter graalent |
(flg 21) shows a max1mum frequency in the 2 5 3 0;?>ange, B ;:‘
lp;but w1th a greater number of populatlonéjrelow thls reg;on '7:.l§‘
:llthan above The central nlche of P. tundrae (OM 2 30—‘

2 656) 1s essentlallx 1dent1cal tozthat of P drummondii,:p
,s;‘-, /‘x- - D

'hbelng the character tic, percentages foupd ln the tundra;r;

jSOlls on whlch they fr
by Ei} u

R : ! N L
“P? drummondll, the dlstrlbutlon df p. tundrae populatlons -/LY o

along the organlc matter gradlent is asymmetrlc w1th more | ~}’:

.

Jenﬁﬂy“co ef}st “Also - llke'h

populatlons below the mean: than abové, thlS reflecﬂing 1t§

©oh

‘occurrence along sanay roadbanks, where the organlc matter

. SN

- content ranges from about 1.6 to 2. 2‘per cent.’ Pohlla’i

'_tundrae does not “occur on qulte so organlc poor substrates' <

f*as.P drummonﬂll very occa51onally does,'and 1ts dlgtmlbu—'

tlon along the gradlent shows a. sllghtly narrower breadth
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(fig: 3&)\\The di@ference in dist&ébution, however, is not
- significant (Table 4) . Along the pH gradient, p. tundrae
IS roughly symhetrical in its distrfbution (fig; 21), having
its cenﬁral niche in the 5.42-5;79 range. As noted above,
P. tundrae and Pp. arammondii are practically indistinguish-
.abie;ecelOgically, although the niche breadthﬂof P. tundrae
is slightly narrower along both'gradients.(Tables 2, 3).
Both pP. .tundrae and p. cambtotrachela have geographic -
distributions centered in the western cordillera of the
United States (fig. 41, 56). In comparing distributions of
the two, however, ie ean be seen that P. tundrae has’been
collected frequ@ntly.in\utah and alse a few times in
Nevada, while p. camptotrachela is unknown from eithér
state. I do not’think that this is ; coilecting artifact,
but rather that it reflects a greater continental, téndency
on the part of p. tUndrae. This species is rather common
in the_Recky Mountains, but is less frequent, though not’
rare, 1n the Cascade -Sierra Nevada Ranges Pohlia campto—
trachela is by far most common 1n the Pac1f1c coast regibn,
’occurrlng sporadlcally 1n.the'Rocky Mountains at high
altitudes (see under »p. é mptptrachela for furthe; discus~
sien); - S e
lpohlia andalusica: The ecologieal data for this species Aj
consist of samples from seven populations, and can thas -
only previde a crude picture of its distribuﬁion.along the
two graﬁients (fig. 23). PH measurements range from 5.12 £0
\’

Vi
S
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inconspicuous populations on mesic tundra soil or rarely
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\

\

6.69, and indicate that p. andalusica is probably rather

broadly adapted to this eﬁv1ronmental factor Organic

matter values rangevfrom 1.85-2.85, from Which few con-

- clusions can be made, although they are con51derably

higher than the average values f6X P fllum or P. campto-

i

trachela. In .western North America, P. andalusica is

‘encountered in upper montane to low alpine habitats, butﬁ -

seems to be nowhere common. It is sporadically distributed
.y , ! ;
in the western cordillera, and usually occurs as smalls

o o

Vi
&

along thé sides of roads. pohlia andalusica is far less
. : » .
common than P. tundrae or P. drummondii in alpine situations,
and tends to occur on somewhat less organic-rich substrates,

sometlmes on small exposures of mineral 5011 among more

densely vegetated tundra. In the Yukon Terrltory, p.

andalus1ca sometlmes occurs as a. few, scattered, minute Qf::z?
X

plants on frost boils of mineral soil exposed by freeze-

thaw phenomena, and occasionally co-exists with Bryum

~bicolor Dicks. (s.l.), which sometimes occurs as simpilar

depauperate populations in these hahitats,'In montane
situatiohs;}n the western Cordillera of Britistholumbia,
Alberta and the United States, this species“is found
infrequently along roadbanks,betc.; where humus accumulation

is limited, generally'growing”at the base of such road-

banksirather than in soilfpockets of the banks themselves,
o - .

‘where P. proligera is more frequent. In the west,P. andalusica

N

-

2 N
{
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is not a common, weedyvepecies, while in eastern North
‘America it is more frequent.in disturbed habitats such

as roadside ditches, etc., and frequently co-exists with
P.ebulbifera'and p. annotina.'According to Loeskel(1905)
and Grebe (1901), P. andalusica also occurS'ae a roadside
weed in central Europe, especially in Germany Where they
collected most frequently'(as P. rothii ahd P. annotina
vat. glareola, respectively). Lewis and Smith (1978)
noted that this species (as pP. rothii),is sometimes

bassoc1ated with old copper mines in the BrltlSh Isles,

and Grebe (1901) stated that the syntypes of P. annotina

N N

var. glareola (= P. andalu51ca) weére collected among the

rubble of an old copper mine in Westfalen, Germany.

' Q

P. bulbife;a: No quantitative data is available fot this
' species although soil samplesfwere dollected‘from the
" Yukon Territory and Alaska during the summen'ofll979,
and>results are forthcomingtipohlia bulbfﬁgra is quite
.tare in westefh'North America, but has been colleoted
\oooasionally_along.roadbanRSaand in other disturbed
.habitatsfin the mOuntains. In the-Yukon Territory and
Alaska, thlS species is sllghtly more frequent than farther
south, occurring along roadbanks or on the margins of lakes,
often where the soil is strongly compacted for one reason . :#?
. . ; B 3
.or another. It has been colleoted‘several times in such
exposed,habitats‘as the<mar§in5'of playgrounds or city

paths where the soil is compacted‘almost to the consistency

I
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. of cement.. In eastern Nortthmerica, particularlyvinﬁthe
Adirondack Mountains of New York. state, and in New England,
p. bulbifera has been collected far more. frequently than“

in'the west, occurring along lakes, roads and/or streams -

oA

= where it often co-exists with P. annotina and P. andalusica.
.
Although no quantltatlve data are avallable, it iso clear
from ‘the occurrence of p. bulblfera on soils where the
bedrock is 31llceous that thlS specres has pH preferences
in roughly the same range as the other propagullferous,
specres.
P. annotlna: Within its geographic range, P. annotina
occurs frequently along’the banks of roads, footpaths,;

. Streams, lakes,etc. Along the organlc matter gradlent
(fig. 24l, P. annotlna has the w1dest amplltude of anyu
spec1es along.elther gradlent (Tables 2; 3).vIts dlstribu—‘
tlon on- 50115 of Varylng organlc matter content*appears
somewhat blmodal in form w1th a. reglon of hlgh frequency
in the -0.9- l 4% range, and a second in the 2.2- 2 6 (-3. O)

range. ‘The 2. 2 2. 6% range represents 1ts typlcal habltat

on sandy, more or less stablllzed roadbanks where lt often

i -

occurs 1n’protected depress1ons and under overhanglng roots;
rocks, etc The lower values of organlc matter content
(0.9~ 1 4%) represent its occurrence along the bases of

such roadbanks where runnlng water perlodlcally flushes'
out much of the loose organic matter. These latter habitats

are 51m11ar to those 1n which P. ¢amptotrachela are found,

!
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and the~two speciesw%cCasionallw~co;exist where their
geographic ranges,oVerlap‘(which is"limited.in North
Ameri.ca)‘. Pohlia anno(tina’ and P;“ prolliger'a haVé .sim'ilar
dlstrlbutlons along the organic mattdt gradlent and -
qualltatlvely they occupy very 51mllar roadbank habitats,
although P. proligera typ1cally~occurs on-soils of'higher
pH. The geographlc ranges of P. annotina and P fprollgeraj
scarcely overlap in: North Amerlca (fig -5 60), and the i
former spec1es tends to be dlstlnctly sub- oceanlc 1n 1ts
dlstrlbutlon, POhlla annotlna 1s widespread in eastern

vorth Amerlca where there is’ ample ralnfall and the summersg
vare relatlvely humld ‘bBut. becomes less frequentfln the mld—
f western states as the cllmate becomes more contlnental

It is abundant in the Smoky Mountalns (southern Appalachlansl

and in the Adlrondack Mountalns of New York state where_f .

t
{

hlgher elevatlons cause ralnfall to be partlcularly hlgh 5
&y o :

In western North Amerlca,’P. annotlna 1s dlstrlbuted alongv n_""

fthe Pac1f1c coast northward through Washlngton, BrltlSh
‘Columblal and southern Alaska, but is absent or rare . in",ff‘
'the 1nterlor portlons of- these states and prov1nce Inn
,Alaska, where there 1s a dramatlc cllmatlc gradlent of

' decrea51ng ralnfall from south to north ‘}‘annotlna is
'restrlcted to w1th1n 60 lOO mlles of the southern coast

"and is absent from the central and northern portlons of

the state, as 1t is from the Yukon Terrltory A 51mllar

sub -oceanic dlstrlbutlon appears ev1dent for European

s e



B 142
0 “)'- .

populations of é. annotina where it seems to be dlstrlbu—
ted w1dely in the Brltlsh Isles and around the Medlterranean

v

‘Sea. In contrast to b. annotlna, Pohlla prollgera occurs o
W1dely in the 1nter1or portlons of North America and shows
no afflnlty for oceanlc reglons ~A.C. Crundwell (1n lltt )
| has conflrmed that based on spec1mens determlned by Warburg,,
'and later, those determlned by Crundwell us1ng Warburg st' |
5cr1ter1a,‘p. prollgera ‘is restrlcted to the more contlnental
areas of the Brltlsh Isles than 1s P. Vannotina Judglng
‘_from numerous spe01mehs in the herbarlum of Crundwell,
P prollgera is qulte rare. 1n the‘Brltlsh Isles,'and
P. annotlna is the commonly occurrlng member of the palr
'tA131mllar 51tuatlon 1s'ev1dent along the Pa01f1c coast
of North Amerlca, where p. 'annotlna is. frequent relatlve
_ tO the occurrence Of P _prollgera ‘Further, Eg prollgera
..occurs w1dely 1n the contlnental Rocky Mountalns, whlle
_P}-annotlna 1s knownvfrom a’ 51ngle locallty at the base»Z‘
‘of Mt. Robson, BrltlSh Golumbla Other oceanlo‘spec1esteky'
;lsuch as. ThUJa pllc;ta Donn also extend eastward to Mt
Robson Pohlla annotlna also occurs at a few 1nterlor .'t:
_statlons 1n Idaho and western Montana just west . of the
.yRocky Mountalns where other Pac1f1c coast mosses suoh a§'
-'Ulota obtu51uscula C Mull & Klndb :ex Macoun & Klndb
vOrthotr1chum~lye11ii'Hook & Tayl (Vltt 1973) chranhmv

npallldlsetum (Balley) Ireland and D. -§UJcatum Klndb,

(Peterson 1979) are‘known_to;occur.
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Along the pH gradient (flg.'24), P.'annctina is

centered‘ln.the'5,27?5.73 range, and"hasdthe'loweSt_mean :f:

'._‘value.of any Species measuredbgTable'Z); ;;‘

- that P. prollgera has the hlghest mean 501l
spec1es measured; In the Rocky Mountalns of
.jthe°mountains are hlghlybcalcareous and the

strongly continental P annotina-is absent’

i

: 0ccurs sporadlcally Flgure 25: shows that P.

a contlnuous spread 1n thls flgure

'“,p} ahdIEWSll: No quantltatlve data are yet

'is:noteWOrthy‘

-

pH‘of any
Alberta, where
_climateg

'but'p.'prollgéra

annotiha bCCursr ‘

- on - substrates %arylng more in organlc matter content than
Sin. pH but thlS 1s partly because of its. blmodal dlstrl—‘

.butlon along the organlc matter gradlent Wthh appears as‘h];a"

avallable for

"’_1the ecology of P andrewsrl' Unllke other North Amerlcan

aarctlc alplne tundra It very frequently co-

Pt'crud01des and occa51onally P. longlcolla

':entlatlon, the two do not occur 1nterm1xed

‘crevices,  that it 1s,able to tolerate lower

«',propagullferous Pohllas, the typlcal habltat of p andrewsii“

ﬁls 1n the 5011 fllled rock crev1ces 1n arctlc or sub-

ex1sts w1th S

1n these;ﬁ

| habltats, and does not grow 1nterm1ngled w1th other pfo—
‘b‘pagullferous Spec1es Wthh occupy more exposed 51tuatlons
'LdIn the Yukon Terrrtory and Alaska,3él drummondll is a

”common moss of the same tundra localltles 1n whlch P.

S

: andrew511 1s found but because of thelr habltat dlffer— L

It can be"‘

l'inferred'from.P. ndrewéhl 's occurrence in protected rock

llght 1nten51tles;.5~d
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‘than most other propagullferous Pohllas North Amerlcan

N

reports of P. annotlna from arctlc reglons should be

L

'vreferred_to‘P andrew511, whlch replaces the former,spe01es

‘1gh latltudes ‘with a contlnental cllmate _Seef
‘under é; andrew511 1nathe systematlc sectlon for the g
h morphologlcal dlstlnctlons between these two. spec1es
'Pl prollgera. lee P annotlna, PT prollgera 1s most
;frequent along roadbanks, pathbanks, dltCheS, or'other o
'bﬁman made habltats Its dlstrlbutlon along the organlc.iﬁﬁ
ntmatter gradlent 1s 51mllar to that spec1es', but is. less |
ﬂblmodal 1n form (flg . b)ﬁiThe central nlche of P pfoilgergf;
y(Table 3) along thlS gradlent is" l 90 2 40% organlc matter,
ddtyplcal values for the sandy roadbank habltats 1n Wthh

71t 1s found South of 60 N latltude,:ég prollgera rarely

L joccurs 1n alplne tundra, but occa51onally grows along the t
’ . .

f._marglns,of relatlvely humus rlch subalplne streams Organlcii R

"~-matter content of such habltats are generally 1n the 2 5—

¢

:7b3 0% range (flq _26). In Alaska and the Yukon, however,._~y_}ﬂ'=d5

: :UE; prollgera more frequently occurs 1n alplne tundra,olidft[
:-where 1t may be found on the 51des of some klnd of natural
' mlcroerellef tor more commonly on SOll mounds produced by
' dlsturbance 1n Wthh mlneral sorl 1s exposed 'It rarely
vfi grows among undlsturbed tundra vegetatlon as do P.
'drummondll and p. tundrae‘ P0551bly, Competltlvevlnter-
wvfactlons Wlth these two‘spec1es exclude P prollgera from -

~tundra habltats 1n whlch 1t may phy51olog1cally be abie to
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exist
Along the pH. gradlent (flg 26),5P. prollgera occurs

over a broad range (4 30 7 58), but Qﬁs the hlghest mean -

o value of any spec1es 1nvest1gated (5 93) It is the only

spec1es whose central PH. nlche extends above 6 OO 30% of
the populatlons occupylng the range from S 74 to 6. l7
V(Table 2)! POhlla prollgera populatlons show a dlstrlbutron
“along the pH gradlent that 1s 51gn1f1cantly dlfferent
{;from eQery other propagullferous spec1es measured except "-;'l
chtg, fllum, whlch also tends to occur on 501ls of hlgh pH o
'iPohlla prollgera 1s the Only propagullferous spec1es whlch

‘ / A
ﬁfl have found actually growlng on s01l 1n the crev1ces of

K

'frlfoutcropplng llmestone, and 1t sometlmes co ex15ts w1th

"Such calCIphlllc SpeC1es as P Vexans;'P; wahlenbergll,~
’ : TR » g

- Meesza ullglnosa Hedw ‘ and/or Cratoneuron f111c1numt3n'

7,u(Hedw ) Spruoe

/‘\‘.

It can be seen from flgure 27 that P prollgera 1s

prather broadly adapted to both the pH and the organlc matter B

frcontent gradlents. Thls 1s llkely to be one reason why

» prollgera 1s dlstrlbuted 50 w1dely in. North Amerlca
r(flg Sd)} S , o o B

| 5PQ camptotrachela.ﬁ Along the PaCIflc coast | ﬂ;campto-d“

’jtrachela has been collected from sea level up to the alplne‘ S

“df_zone of the Slerra Nevada—Cascade ranges. It occurs onv,ﬂ

fsandy, or- often gravelly 5011 along road51des, dralnage -

wdltches, stream marglns or: sometlmes on. low— or subalplneﬁ,fjf
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SOll almost lacklng in organlc matter ‘It 1s absent frdﬁﬁ

'organlc rlch tundra 5011 where it is replaced by p.

o
9

';tundrae or p. drummondii. Along the organlc matter gradlent
(flg 28),'P.,camptotraChela shows a narrow, strongly .
“defrned region of hlgh populatlon frequency 1n 1. O l 6%
’,range, and a secondary, less dlstlnct reglon of hlgh
wfrequency around 2.4~ 2 8% Samples comprlslng these hlgher-:
values are those from some’ of the most organlc r1ch tundra
) “j!.‘.;;OllS on whlch P. ‘camptotrachela is. found The Soll 1n
b‘such alplne 51tuatlonsjare rlcher in organlc matter than
typlcal 501ls underlylng P, camptotrachela populatlons,
'ybut not so rlch as the:tundra 501ls on whlch P drummondll
uand/or P tundrae grow;}whlch almost always contaln |

'2 6 3. 2g organlc matter Most of the 5011 on’ Wthh P

'*?camptotrachela grows,"even w1th1n the alplne zone, contalns

V'ﬁjh~less than 1. 6% organlc matter The central nlche of

P camptotrachela along the organlc matter gradlent is 1nv’“’" N

vythe range of l 25 1 47%,'and these values represent 1ts

v_fmost typlcal habltat 1n road51de dltches and SLmllar locales

- It 1s usually absent from the sandy, somewhat stablllzed

-';roadbanks on wthh P prollgera and p. :annotlna are frequent

:occurrlng rather at’the base of such roadbanks where fre-,:“
fquent minor- floods are effectlve ‘in washlng away most

_5*traces s

organlc matter In Washlngton and Brltlsh tolumbla,f"
‘;jlt 1s not unusual to flnd P annotlna growrng up on the

”751des of roadbanks w1th P. Acamptotrachéla grow1ng on the

v v:» > ) -
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coarser, less organlc, more compacted 5011 along the base,
:‘yet ‘the two only 1nfrequently grow 1nterm1xed The* dls—

trlbut;ons of the two spec1es along the organlc matter
%
'gradlent are s1gn1flcantly dlfferent at the 0 OOl level

i

'(Table 4) and P camptotrachela dlffers s1gn1f1cantly

at the same level of confldence from every other species

lnvestlgated except P. fllum Pohlla-camptotrachela -

¥

: rarely occurs 1n roadbank habltats in the central Rocky
/ P
Mountalns (e g. Colorado), where lt has only been found on

k4

alplne 5011 above 10 000 feet presumably belng restrlcted ¥
to the hlgher elevatlon by m01sture requlrements 1n these o

contlnental mountalns Populatlons more to the north in . 1;

- Wyomlng and Montana occu ,at progress1vely lower altltudes

as the macro cllmate becomes more m01st

Pohlla camptotrachela also shows a narrowly deflned
‘-yireglon of hlgh populatlon frequency along the pH gradlent
2811 w1th a peak at pH 5 4 to 5 5 Its nlche w1dth ,

v

”»i-along thlS gradlent (0 35) is. the lowest of any spec1es

'(flg

"filn terms of pH and a full 30% of the populatlons (1ts~?”

»central.nlche) fall w1th1n a range of O 3 pH unlts (5 42~

'gl¥5{69) Obv1ously,- } camptotrachela 1s a sen31t1ve 1nd1cator

It can be seen from flgure 29 that P camptotrachela :::“fhf
1s somewhat more varlable,'ln terms of 1ts reallzed nlche, IS
B

o along the organlc matter gradlent than along the pH gradlent S

N ‘ &

However,_SO% of the populatlons (the mlddle enVelope 1n

1;, P ,,w o w A




- . ’ B . . ; . v
l flg 29) occur over a narrow range of both‘gradlents.‘Thls
narrow ecologlcal amplltude along these two gradlents may"ﬂ .
: be 1nd1cat1ve of narrow ecologlcal,tolerances in general |

,and thlS may, in part explaln 1ts-11mrted,geographic ”

¥ -

dlstrlbutlon in. North Amerlca (flg 56). It is impossible

at present to know, however, whether thlS restrlcted

b
s

l‘ecologlcal amplltude 1s the result of a narrow fundamental
nlche, or whether P. camptotrachela 1s’compet1t1vely
'1nferlor and ls‘excluded from some areas in-: whlch 1t is
‘phy51olog1cally able to exist. ﬁ

’., - :“ ) i . - . /
yo . . B ) R
. é . . .

‘Discussion = . 7 . .

'.*Populations of"b ’tundrae were collected over most' o
aof thlS spec1es' geographlc range,.and therefore theséw"'
'Nv data are probably a good representatlon of 1ts generalvl
ecology (1t is only presently known from North Amerlca)“ hl"‘gfl;
Samples cover most of the North Amerlcan range of P M
camptotrachela, but thlS spec1es also occurs 1n Europe.‘
bThe remalnrng specres for whlch quantltatlve data are f“
vpresented occupy a con51derable area in® North Amerlca Wthh

was not sampled and also occur on other contlnents, so

unknown to what extent these data can be generallzed

wortlons of thelr worldw1de rangesf It would e
erest to compare analogous data from EurOpean

51nce they are llkely to have been 1solated

théf%\North Amerlcan counterparts 51nce aﬁﬁieast the

Ty : ) . . S
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\
-

Cretaceous périaa‘"“s R
. .:Root (1967) defrned an ecologlcal gulld as a group of

/ ,"\'
spe01es whlch utlllze common resources in a 51mllar manner,

LN

. .
regardless<i§;the1r taxonomlc afflnltles ThlS group of -
. . )4 «

k4 Ve

- /
. Pohlia spec1es certalnly constltute an ecologlcal gulld

- s

"frequently co- ex1st1ng ‘in 1nterspec1f1c mlxtures, although
-1t can be seen that each behaves 1nd1V1duallst1cally along
| _the gradlentS' measured | f
Most spec1es are falrly evenly dlstrlbuted along the

pH gradlent _w1th only P Camptotrachela.(flg 28) show1ng

a very narrowly deflned reglon of hlgh populatlon frequency

On the other hand the central nlche (30% of the populatlons)'

~of each specres ‘is llmlted to the narrow reglon from about

. pH 5.3 to pH 5.7 (Table-2), and from flgures 18, 20 22p
25, é?'andié9 1t can be seen that a full 50% of the |
ycpopulatlons of each spe01es occupy an only sllghtly broader
11 range of s011 pH Thls is in agreement w1th the suggestlon .
by OChl (1959 b)»_that Pohlja'spec1esizre good 1nd1cators.‘
v%of 3011 pH All spe01es in the present complex may be‘ |
dcon51dered to be mlldly aCldlphlllC, although the prec1se
zreglon along the pH gradlent in which populatlons are found
”varles from spec1es to specles'(flg 15 30) Pohlla |

'annotlna most frequently grows on. 5011 of the lowest pH

| belng common on 5011 of PH. 4 6 to pH 6 0 xbut is dec1dedly

/v

“;_‘less common on’ 50115 of hlgher pH 'Pohlla prollgera is at

'ff'the opp051te end of the gradlent occurrlng frequently on )

o
Lo

.

S~

!
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soils of pH 6.0 and above, and was collected on s01ls of

pH as hlgh as 7. 58 I have collected this- spec1es a number
:\\\Sf tlmes in, tHe soil- fllled crev1ces of exposed llmestone,

+ -~

a.habltat 1n‘wh1ch P. annotlna 1&“u_lkkely to be found

1ent is 51g—

.nlxlcantly\dlfferent at thellﬁ/leyel (Table 4 The

v v ,
dlstrlbutlon of P. prol4gera along thlS gradrent almo

"dlffers 51gn1f1cantly from pP. tundrae, ?..Camptotrachela)

“and -b. drummondii; .

As can be seen- from flgures 15, l6, spec1es of the*‘

b}propagullferous complex are more readlly dlfferentlated X

< X

{,‘from one another ﬂn terms of organlc matter content of-

A

'thelr substrate than on the ba51s of s01l pH As suggested
fabove, the propagullferous spec1es occur prlmarlly in

three habltats Pohlla drummondllﬁand P. tundrae are,‘

characterlstlc of alplne tundra,:P._anﬁgtlna,‘P.vproligeral'
gaand P‘:camptotrachela’on sandy roadbanks, and p. flium,

on sandy or gravelly stream outwash Alplne tundra sdlls

}range from about 2 5 to 3 2% organlc matter, roadbanks _
> nb. Y

'Labout 1 8 to 2 5%, and sandy outwash from 0.6 to 1, 3% ' 'ipv

‘Pohlla drummondfl and P tundrae frequently grow 1nter; -
mrxed, and in the. central Rocky Mountalns and Slerra |
kNevada Cascade Ranges, one spec1es is rarely found in an

ﬁarea ‘in Wthh the other 1s absent Quantltatlve measures'l |

are not 51gn1f1cantly dlfferent for these two spe01es

_?,L R
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along either’graoient (Table 4{. Likewise; P. proligera
and P. annotina, which both Odeur in the roadbank habitat,
have dietributions along the organic matter gradient which
broadly overlap (fio. 31), and are not.significantly dif-
ferent (Table 4). Pohlia camptotrachela also occdrs along
roadsides in the Pacif1c states>of t .U.S., but this '
species typical%y grows on soils of Xower o;ganic matter
than those of bp. annot;nahorté. proligera fﬁig. 31), and
its dfstribution along thi§.§;adient differs stonificantky
from the latter speeies (Table 4). As discussed above, the
lower organic ﬁattér values for p. camptotrachela appeaf$
to be because of its occuﬁrence at the base of such road-
Prbanks, where flowing water frequently Washes away most

. traces ofborganic'matter. Tﬁe lastAspeoies, P.‘fiium,
occurs almost exo;usively on soils of very low orgahic a
matter content (fig.IBl) ‘Its dlstrlbutlon aiong thlS
gradient differs’ 51gn1flcantly from all other spec1es

LN

except Pp. camptotrachela. It is perhaps noteworthy that
: « -
these two spec1es, whlch might come into competltlve con-

tact ;n similar habitats, overla'

[

geographic.distribution (fié 35,' >

only minimally in

Table 5 summarlzes the ecolog cal dlfferences Wthh
I have been able to document between these’ propagulﬂierous
species in relation to two env1ronmeotal gradlents It can
. be seen that every spec1es differs from every. other species

‘along at least one of the two gradlents, w1th the exceptlon
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df P. drummondii and P. tundrae.

In several cases, species—pairs fn'which the species’
are very similar morphologically (and presumably closely
related), are at opposing ends along an ecologlcal gradlent

T Bas , .
For example, P. proligera and P. annotina are qulte similar

)

morphologically, and some authors (e.g. Wllczek and Demaret

l970, Lewis and Smith- 1978) have evdn conSLdered them con-

’
specific. However, the two are widely separated along-the

pH gradient, P. proligera having the highest mean soil bH,
and P. annotina the lowést.valuesof any of the species

thus far investigated. The two rarely Co—existvin mixtures,
and in Alberta, where the Rocky Mountalns are hlghly /
calcareous, P. proligera occurs sporadrcally but ,P. annotina

is abSent Likewise, P. dru%hondii and Py filum have been

f '\ "
i

varlously treated by many authors of florlstlc works,

‘ w1tP the latter spec1es sometimes c8551dered a varlety of
the former-spec1es (e g. Lawton 1971) ‘These Fwo species
'are extremely different ecologlcally (and qulte distinct
_morphologlcally) P.. filum occupylng‘a spec1allzed and
.narrowly deflned habltat characterlstlcally low in organic .
matter content (flg 31). They, like P. prollgera,and;Pf
annotina, only very rarely grow intermixed.véohiia tundrae
was illustrated by Flowers (l973) as P. annotrna'Var.
éﬁfipiens,.and the'author'Obvious%y felt that they, (P. '
tundrae and Pp. annotlna) are 51m11ar enough morphologlcalay

- to be con51dered conspec1f1c. See under P tundrae in the
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systematic section for a discussion of the morphological

: distinotions‘between P. tundrae and forms of P.‘annotina
with long: narrow propagula. Ecologically, the two species
are widely divergent, p. tundraefbeing a oharacteristic
alpine plant, and pr. arinotina a lowland-montane species.
The two dlffer 51gn1f1cantly along the organld matter

_ ngdlent the tundra.substrate of p. tupdrae'havlng a
higher percent organic matterECOntent thagfthe typical
substrates—of P. annotina (fig. 31, Table( 5). Pohlria
tundrae is also'similar morphologieally,to P. proligera,
which it resembles in the strong sheen characteristic of
1ts 1eaves when dry. These two spe01es, however, are dis-
tlnct along both the pH and the organlc matter gradlents

Y

(Table 5). o
Van Valen (l965)fpresented data whlch suggest that
levels of morphologlcal varlablllty are dlrectly correlated
“with niche width in some blrd spe01es He found that on'ﬁ
- 1slands where a partlcular spec1es has broad feedlng bablts,
'the spec:esvwas morphologlcally varlable, as compared to
malnland populatlons in which nonvarlable morphology re-

flected narrower feeding hablts. Accordlng to Van Valen,’

thlS relatlonshlp held true for several ‘unrela¥ed taxa

.

Among the propagullferous Pohlias, there als Seems to be

a correlatlon between nlche w1dth geographlc istribution,.

.and the level of morphologlcal varlablllty JPohlia anmetina

!

and p. camptotrachela are two very closely related speci
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but the former ls extremely variable morphologlcally Whlle
- the latter is notably stenotyplc (see fig. 59); Lewis |
(1976) grew numerous populatlons of both spec1es and found
that some of the interpopulational’ varlablllty of P. anno-
tlna was retalned when grown 1n culture, while populatlons’
of p.- camptotrachela were consistently unlform, and Lewis
concluded that P. annotina was the- more genetlcally vari-
'able of the’two As can be seen by comparing resource
utlllzatlon curves for the two spec1es (fig. 30, 31)L‘the
‘,morphologlcally variable p. annotina iS‘considerably more‘
tolerant of a broader range of edaphlc condltlons and does
not have a hlgh populatlon frequency in any small area of
the gradlents This .greater ecologlfal amplltude of p.
annotina is also reflected 1nv1ts broader geographlc range
in North Amerlca (flg. 52; 56). It 1s also 1nterest1ng
that of the two spec1es, é. annotlna is more weedy (i.e.
more frequently occurrlng in dlsturbed habltats) than is
-P.'camptotrachela The broader ecologlcal amplltude of 3
: ‘P.‘annotlna is probably a pre adaptlon for the evolutlon
‘of weedlness Isoenzyme methods could be a useful |
approach for comparlng more dlrectly the levels of genetlc
’ varlablllty in these two spe01es |
| _ of the propagullferous spec1es rnvestlgated P. prolf1
gera‘and pP. ”annotlna most frequently occur in man-made
habltats, and flgures 25 and 27 1nd1cate that thelr resource

utlllzatlon alOng both gradlents are the most. generallzed

-
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Their commonness as compared‘to the other propaguliferous}

spec1es is certalndy a reflectlon of their generallzed

»ecologlcalidlstrlbutlon Baker (1974) ‘has stre%sed the

importance of what he called the general purpose genotype"

»ln the- evolutlon of weedlness, and these ecologlcal data

‘'seem to be in agreement with his concepts. It would be

of 1nterest however, to discern whether the broad ecologl-

cal amplltude of p. prollgera and p. 'annotina is J_ndeed

~che result of general purpose genotypes,'or whether popu—

latlons of these SpeCleS con51st of . numerous, 1nd1V1dually

spec1allzediphenotypes.

within the propaguliferous complex,. omevrelationshipk

'ex1sts betwg‘n the degree of dlfferentlatlon of the pro—v
llpagula and the degree of weedlness of the spec1es ‘POhlla
- pdrummondll and P. fllum, whlch have SLngle propagula, are

'cfound less frequently as weeds than are. the spec1es pro—-

“ducing numerous, small-propagula POhlla fllum sometlmes
 'grows on roadbanks in Alaska, but thlS spe01es 1s not a

.frequent road51de weed probably because of its edaphlc"

-llmltatlon to 30115 of a. narrow range of. organlc matter "

content ’Pohlla drummondll is cons1dered on the ba51s of '

orphologlcal ev1dence, to be the most prlmltlve extant

E spec1es of this complex. Ecologlcally,'P, drummond;l is
.mostpfrequent‘in'North.America on“alpine tundra~soil,pwhile‘

 most other species of the complex occur moreafrequentlyﬁinlvmi

4
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- that the~anceétor of these propaguliferoue species was an
‘alpine plant, and that epeclee characteristic7of‘epecialiied'
habitats (e g. P. filum,'P..camptotracheﬂa) and those able
to COlODlZE man~made habltats are ecologlcally derlved

| As early as 1859 .Darw1n noted that competltlon be-
- tween morphologlcally 51mllar, phylogenetlcally related
spec1es 1s)llkely to. be- partlcularly acute, because of
thelr overall blologlcal 51m11ar1ty Whether spec1atlon
occurs sympatrlcally or allopatrlcally, once two genetlcally
'1solated spe01es occupy the same. geographlc range,- |
competltlon could cause the extlnctlon of the competltlvely
lnferlor‘spe01es' One way- by which’ competltlon may be
aV01ded is through the evolutlon of nlche and/or habltat
dlfferences between spe01es,,and thlS may occur elther"
_awhlle the spec1es are sympatrlc or when they are allopatrlc e

Bifferentlatlon .of the P fllum type from the prlmltlve

- "py drummondll level of evolutlon 'seems to have taken )

N

‘to- the hab tat When Bruch Schlmper and Gumbel (1839)

é

descrlbed Bryum ludW1g11 var. gra01le (—»P.' fllum), they

'the c;;pee of dlvergence 1nto a less humus rlch habltat

- and t s probably accompanled by morphologlcal adaptlons

-1nterpreted the varlety as -a dry habltat modlflcatlon of

-the speC1es. The smaller, more erect leaves of both the

i

‘stem and- propagula of P fllum are probably modlflcatlons

‘(from the p. drummondll type) whlch are adapt1Ve 1n drler

{
N

situationSu:



‘ somg-part Ln:thelrlphylogenetlc’hlstory,‘g‘

Pohlla prollgera, P. annotlna, P. camptotrachela, and

»P. bulblfera may be con51dered ecologlcally derlved from

;;an alplne ancestor Competltlon between P prollgera and

P,'annotlna 1s mostly av01ded by nlche dlfferentlatlon

‘along the pH gradlent and P. camptotrachela av01ds

¢

Vcompetltlon ‘with elther specles by 1nhab1t1ng less organlc

'rlch 51tes w1th1n the same habltat The fact that eacb

lAspe01es 1s ecologlcally dlfferentlated from closely related

congeners suggests that ecologlcal evolutlon has played

\

SN : ) - , . S . é}‘ .
. - : .
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A morphologlcally based class1flcatlon of these J ‘1"" ?n

prOpagullferous species 1n POhlla was arrlved at by means o
iof herbarlum studles, fleld experlence and culture of
f;llVlng plants “An attempt was made to examlne herbarlum ‘
'Vspeclmens representatlve of all geographlc areas in- North

’ Amerlca ln Wthh these spec1es are known or. expected tod
“:occur Herbarla from Wthh spe01mens were examlned are
1 llsted in Table 6 Approx1mately 1600 spec1mens were
Lexamlned from these herbarla, and I have collected each
7j,spec1es on numerous occaslons in thelr natural habltats |

T:Speclmens.of p. prollgera:'b ‘drummondll and‘Pbgannotlnab
'frwere most}common 1n many herbarla,iand.at least 200
2i;collect10ns were examlned ‘for each of these specles :lt"‘
‘5Apbrox1mate number of spec1mens examlned ofvthedremalnlngrh
:fspe01esvare as follows. P} tundrae 75 gfﬁbulblfera 125,'
fllum 150 ?}'cambtotrachela lOO Pi;andalu51ca lOO
';ﬁt‘andrew511’do These are 1n addltlon to sbeclmens:>k
:‘collected by myself and the latter are presently deposrted '“;:i‘“
‘ 1n ALTA w1th dupllcates of most numbers in- my own herbar—' :
“'iﬁmf‘ . S R :
‘Each spe01es presently recognlzed has been grown in’
”rpure culture. Cultures were grown on. agar contalnlng ,t*ﬁ

"Hatcher S. nutrlent medlum (Hatcher 1965) 1n 8 cm hlgh

‘glass petrl dlshes. Cultured populatlons were 1n1t1ated
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:‘by propagula from‘plants collected'in the'field' and were . .
'malntalned 1n controlled env1ronment faCllltleS w1th a 16

thour photoperlod under flourescent llght Addltlonal |
populatlons of each spec1es were 1n1t1ated from spores

'hwhen the latter were avallable Pohlia»tundraé;lf;jdrummondii;

prollgera and P. annotlna were alSo maintained'in'a

.';}greenhouse in. pots contalnlng a mlxture of one half standard
dvfpottlng soil and one half sand Such populatlons of P:

~p'rollgera were malntalned for more than two years and those of:'
'éf‘tundraegﬁw drummondll,:anddée annotlna for a mlnlmum‘ | |

. of seven months Repllcates of these greenhouse populatlonS"

)

.were 1n1t1ated from propagula and spores of each spec1es
As only a llmlted number of populatlonssof each
liiSpecles were grown; norstatlstlcal comparlson of cultured
H.versus fleld populatlons was undertaken lelted morphologet
f;1¢a1 data comparlng P. vprollgera and P -annotlna 1n culture
’pllis glven 1n flgure 55 It was found that the tlme 1nvest—'d
~ddment necessary for ngW1ng enough populatlons of each |

1'spec1es for statlstlcal comparlsons would have precluded

'jythe pOSSlblllty of conductlng'an adequate herbarlum,;ﬂ,

v;nomenclatural and ecologlcal
Selected spec1es were. comp‘red quantltatlvely w1th

Vrespect to the morphology of thelr prOpagula as: found 1n,}t3

"herbarlum spec1mens (flg 44;]517 55 59) Each pornt

w.on a scatter dlagram represents the mean value derlved

'jfrom measurements of two propagula from'each of three stems __ga,'

‘. ,/,
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in. a populatlon (— spec1men) Addltlonal sampling 1nforma-

tlon is glven in the legend accompanylng scatter dlagrams -

'when necessary

-2
\

| chhotomous Key to Populatlons of the Propagullferous

-Spe01es of POhlla in North Amerlca

1. Propagula arlslng s1ngly 1n ‘the leaf ax1ls ;,;3.3., 2
1 Propagula ar1s1ng (3)— many in the leaf ax1ls :Q.{.l3
f."?éﬂ Propagula oblong to cyllndrlc (flg 34), usually3'

';at least tw1ce as. long as w1de, prlmordla green:'
.*;and_consplcgous,'scattered»on'thevbulblform’
hhibody}gstems:andfprobagnla rediwhen.moist red -
| or black when dry,;leaves spreadlng and often
Carlnate . . . § l P drummondll
':hZﬁy ‘PrOpagula sphaer01dal to oblong,.often elllp—}i
N th (flg 37), usually less than tw1ce ‘as long
f-i as. w1de, prlmordla pale and 1nconsp1cuous,‘
‘do,mostly restrlcted to the apex,_stems green‘;b~
when m01st black when dry, propagula greenw

f%when young)vor.orange (when older) when_

4_’

7m01st'fofi
% A : , SERR
scarcely carlnate .;,f.t....;...f... 2.:P; fllum

black when dry, leaves erect
'ld‘3"3 Propagula sphaer01dal hardly l;%%erﬁthan w1de>.,.{l4»;vlf3df
'7v3v" Prop@gula oblong, obconlc, or. + elongate and |

’*1vermlcular,.;;.;;i.,}..;;;;},..Lil..g.{.;:;..p;..g.’6”



“,_Leaf prlmordla pegllke, rarely becomlng + lamlnal??

“4 "Prlmordla of all propagula broadly trlangular-

lamlnal consplcuously concave and formlng a
-

' dome over the apex (flg 47)..;;;5. bulblfera‘ 
4f : Prlmordla of some or all propagula short and
pegllke, often lncurved over. the apex. but :

V N .
" .not formlng a complete dome- .;.....,.,..;{...; 5

dPlants glossy when dry, propagula dlstlnctly red—
‘ translucent ,..:.}.;...,;,...;,{.;.;. 6. P. andrewsii‘r

- Plants’ dull when dry, propagula yellow translucent,

v_occa51onally brown, but . never red .,....,.;Z,Li,,:...
ie s et s SR el 8. P Camptot-rachel_a_
e SRRRSASEEN, _
-6 ‘~‘Pr1mord1a of at ‘least some propagula short,

pegllke and 1ncurved over the apex, propagula

' ”mostly less than 120 um long.,.ﬁ_G;“P, andrew511;'yw/

6 -;;Prlmordla on all propagula well developed,r

'[”elongate and erect or bent at an angle from
f'the propagulum body (cf flg v62 16~ l8)
Lafnever 1ncurved over the apex, propagula

fgreater than 150 um 1ong ..g,i,,,..;53,;,{.4,;‘7li_

’;Leaf prlmordla dlstlnctly lamlnal 1n form, plants

"on very large,,bulblform propagula (flg 54),5

tfplants dull or glossy ;,.;;..,;.;Q;;,,;;.;;;,{...;.,Qw';'f“

o

':38d. Propagula llnear—cyllndrlc (flg 43))4,;a;;{};;.
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8\» 'Propagula.obconlC“tO-obloné—bdlblform (fig,

T 40) .;....,.,..;,..:: ..... ,,..,v 3. p. andalu51cal
.Planﬁg dull when dry, propagula w1th (2)-3- 4-(5) B
‘ pegllke, erect prlmordla (occa51onally becomlng +
lamlnal on old propagula), obovate,vobconlc to
elongate and narrowly turblnate or occa51onally +.
'bulblform ‘rarely vermlcular, mostly greater than
80\um w1de at the broadest point (flg 54)v.L.;.;,:;.-sb
..,;.;,...l....;...‘ ........... -,....ifq 7, P. annOtlna:
Plants glossy when dry, propagula w1th 1-2 pegllke '
prlmordla, oﬁten (when 51ngle) bent at an angle to.
(the propagulum body, llnear vermlcular, never

bulblform, mostly less than 60 um w1de at the .

broadest p01nt (flg ~nﬁ9. p} proligera'

<

vPOhlla dr”mmondll.(c-'Mulll) Andr.fin:Grout,“MOss{El. N

;/l96 11935..

_Jﬁ§§3m*drunmondll‘c Mﬁll Bot Zelt 20§l328;'l862 Type-f

"»Drummond Mu301 Amer (Rocky Mtns ) no 263 as - Brgum nutans:f

;.mlnor (Lectotype BMfHampey!;'lsotype NY—Mltten oo

yWebera drummond11 (C’ Mﬁll )'Jaég;,uBer;aS; Gall Natpfw,l R

1874 1875 137., 1876 2o

\

iBrgum catenulatum Schlmper, Syn ed. ?:'471} l876 Type

ieuBen Lomond leg J. Stlrton (LeCtOtype BM SChlmper'L);b .

AiWebera commutata Schlmper, Syn éd—f2§'4b3 1876 Type:k o

>ﬁ 1n Voge51 super Sm. Hoheneck e (BM Schlmper ),,in,

'-"_,fq S

e
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: _Gold“Range, B,C., leg Macoun" (Lectotype S Klndb ).

k;.Webera micro- dentlculata C. Mull &-Klndb 1n Macoun &

163

4 ° .

Cebennis et Pyrenaeis ..., Grimsel e (Leetotype: BM-
. A a

‘Schimper!), in m. Albula ad Weissenstein ..},‘in m. Tatra

-

. . ‘ B
" ‘ ~ : 0

..., Tromso ....

Pohlia”commutataf(Schimper) Llndb ’ Mus01 Scand 17. 1879.

Bryum commutatum (Schlmper) Boul”, Musc1n France:lz 278.

&

1884, PR | i - . Lo

ubéucullata C. Mull. & Kindb in Macoun & Klndb

anad.kPl. 6: 113. 1892. Type "Mt Queest Gold

Range, B c., July 27th 1889, Macoun (S- Kl%db ). North

of Grlffln Lake, Gold Range, B.C., August 8th 1889 Macoun"

(Lectotype b Klndb i),

1Webera pycno decurrens .C. Mull & Kindb In MaCOUnf& Klndb.,

"Cat Canad Pl;a6a'il4} 1892 Type '“North of Griffin Lake,

Kindb. Cat Canad, 91,36:;1145 1892\\Type ‘"quth of .

.:-Grlffln Lake, Gold Range, B. C July 27th 1889,?Macenn‘

ZnHandb Brlt Moss :309} 1896

.;;." (Lectotype S Klndb !);'

Webera commutata Var catenulata'(SChimpeﬁ) DiXQn,-Stud.

-

’;uargum:mlcro commutatum Klndb Bot Not 1896 197.11896}

FSFB:yam subpolymorphum Klndb., Eur N Am. Bryln .2;j3901

- TYpe:,"Norge, nara Kongsvold" (Lectotype' S- Klndb 1);,

-1891\ Type "Alp, reglons . Amer. Can. Brlt Col 1950

% :

. metr. a. sea~"Macoun Cana@ mu501 n. 468" ("Brltlsh Columbla, B

uGold Range, Macoun, 8. 8 1889" Lectotype. S Klndb !),~}

',t_



,érgqumiCrOSpefum Kiﬁdb}, Eur. N. ﬁy.=Bryin.'21>388. 18;7;
némi illeg; incl. ébec. prierf " '
webe;e subpolymorpﬁa (Kindb.)??éris;'lpdexBryOlféligb.
1898, | |

Wébeﬁe,micrp-eommgfate'YKiﬂab.)'Parisﬁ Index Bryol® 1354.
o . . . : ‘ \_‘ : ‘fj b .
11898. L

Bryum alpinum V&r. dentiéulatum Card. & Thér. in Holzinger,

Bot. Gaz. 30: 123. 1900: Type "Lake'MacDonald, north-
/ S _ B
western.Montana, leg Hd&zlnger & Blake" (Isotype: MIN !.
BH !}). , . ,

‘ v < ’ g'o»r‘ v . ’ o
Pohlia subpolymorpha (Kindb') Broth. in Engler .& Prantl,

fﬁat. PE1. 1 (3): 548. 1903. TS DS ' B
:Pohlla llngbergli Wernéi Beih; Bet;‘centralbl.'i6{ ééd;vl r.éﬁ
1904 Type- "Schweden Dalé na Avesta, Llndnas;‘;m August ) o
i881 leg Conrad Indebelon ?Herb £1ndberg) " (Lectotype:_ -i
:H @i : ’ﬁf ";( “_,i . TR ‘ : |
PohliaVCOm?etefe Véf llndbergll (WarﬁS§f) C. Jegé.:iﬁA‘ :
.Weim;t foert Skand Vaext . 2'(Moss) >36.'1937L S “
_Webera commutata/var,1llndber914 (Warnst )'C. JeﬁS;, k o i
Skand. Bladmfl. 158, 1939. L |
Brgum ]Utu;helmll Hagen exPodp , Actb Ac :Qé;vNet. Mqray.

7 93, l945 (nom nud 1n“sgnon;)4 4 “ ‘;"Jg | |
éohlla drummongll Var 'égtgﬁuiéta (Schimper) §de.} éonep}

338. 1954 @; | | |

POhlla drummondll var. lihqbergii'(Warnst.)fpodp.,ﬁConsp.

339. 1954 :
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feW’or lacklng in compact

\ X ' 165

Lo | " | |

Plants- sometlmes formlng deep, extensive turfs in moist

N\
A

lowland or. montane habitats, “of ten dense and compact in

alpine areas, + glossy when dry; stems 3-15- (50) mm. hlgh,

\"dlstlnctly red when m01st (except at the apex),"red or

1

" often black, at least near the base when dry, simple or

occasionally once.innovating at the base when sterile,

simple or often once innovating below'the\perigonia when

| :
fertile;,leaves erecﬁ to Spreading, +_strongly carinate

¥
and sometimes somewhat flexuose when dry, when. m01st, +

spreadlng and sometlmes carlnate in elongate forms, more

erect‘and concave in compact alplne plants, (0.55)-0.80- .

© "1.0-(1.80) mm. long, (0.20)-0.35-0.50-(0.80) mn. wide,
,lanceolate to ovate-lanceolate, acute, + decdrrent by'll3

' linear-réctangular cells,'sometimes scarcely or not: at

all decurrent in compact expressions; margins plane, +

strongly toothed in ‘the upper: 1/3, ‘entire to subentire
. ’ - ,,&

_below; costa ending .3-5-(6) cellsfbelow'the'apex, green

in young leaves;'green,to'red or rarely red-brown to black

inlolder leaVesfﬁuppet cells rectangular—rhombic to
linear:rhombic[’rarely + Veimicular, (35)-55-70-(95) um LA

long, (6)-8-11-(1¥4) um wide, undiffer"ltiated at the margin

~or Sometimes slightly narrower in a/single row, rectangular

nEarﬁthe base, 3-7:1?"asexual propagula usually present

in l 3- (5) upper leaf ax1ls off'sterile shoots, sometimes

lpine forms, absent from fertile’
~thetleaf-axils,-generally-uniform

&

U P T VDU
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r
in appearance/ shortly oblong when YOung, becoming +
elongate with‘age and’state of development, ovate-oblong,.
bulbiform, mostly more than twice as long as wide, abruptly’
narrowed to a multlserlate stalk (which usually remains
attached to the stem), (O)—400—6Q0—(1500) um long, green
v when young, red when older, sometimes becoming black when.
dry, ooaquéi with (3)34—64(8), igrge, conspicuous, lance—"
olate, laminal leaf primordia scattered on the bulbiform
body as well as at the propagulum apex, the leaf primordia
mostly green and flexuose in appearance, arising as
lamlnal appendages, ‘never as pegithe“outgrowths; perigonia
bulbiform, terminal on unbranched stems or the stems once
(- tw1ce) 1nnovat1ng below. the perlgonla, perlgonlal bracts
, abruptly acute to + long and narrowly acumlnate from an
ovate, concaveée, + red-bfrown base, + strongly toothed near
"~ the apex, costa endlng in the acumen, perlchaetla termlnal,
1nconsp1cuous, perichaetial bracts to 2. 4 mm. long, |
narrowly lanceolate to ovate-lanceolate, often red. at the ‘
base; costa endlng in the apex or 1-3 cells below; medlan
cells On_average, longer and narrower'than those of the
vegetative leaves, 70—lléfum long, 6-8 um wide, /thin
Qwalled margins revolute from above the base to Just below
the apex, toothed or rarely subentire in the upper 1/3.
Dlolcous; sporophytes rather frequent in compact, alpine
‘bopqlations ha?ing few aeexual propagula; seta 1.0-2.0-(2.5)

m;flong,’orange—red“tO'réd:‘capsules”pOSitionéd7100°?i80°”w N
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from the vertical, 2.0-3.0 mm. long, shortly (to +
elongate) oVate-pyriform, with a wellideveloped but‘shOKt
(to + elongate) neck which becomes i shrunken when dry;u
exothecial cells longitudinallv elongate and + rectangular
to irregularly isodiametric, 30-55 um long, lS—28 um wide,
with strongly sinuose walls, especially when drv,,less

SO when moist‘ gradually smaller and lese sinuose near
the mouth, more nearly 1sod1ametr1c and less sinuose in

| the neck, gradually elongate rectangular just above the

seta; stomata numerous. in the neck phaneropore, (25)—'0£3

,

%0-(45) um long, quard cells often’/;th a red, + conspicuous>
plgmentatlon in young capsules,/annull well developed of
2-(3) rows offcells, remalnlng attached to the urn or the
operculum, sometimes separatlng 1rregularly or very rarely

| i revolvable;goperculavconlc and aplculate:or rarely - |
umbonate; exostome teeth‘lé, yello@-broun to brown“abOVe,
voften darker below, lanceolate, 4‘narrowly acute, coarsely
paplllose on the upper l/3, more flnely paplllose below,.
endostome segments 16, hyallne, keeled and broadly
perforate, c111a usually~well developed, (0) -1-3 between
the segments, long, + nodulose, rarely short; spores
clavate, (16)—18421—(24) um;.chromosome number N=ll'(Ramsay"‘§$&\

1969 - Vaucher not seen) .

Tt

Nomenclature: _During'the 1820's, Thomas Drummond accompan-

. ied themEranklin.expeditibn“aCross Canada. in search for.a .. .. .
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northwest passage‘to'the Far East Drummond collected
bryophytes abundantly, later issuing the exsrccata set,
‘Musci americani (Rocky Mtns.). No. 263 of the ‘set .had. been;
collected on the "Summits of the Rocky Mountalns, in wet
‘places and bore the label Bryum nutans var. ’minor HoOki
Bruch and Schlmper‘(ln translatlon by’ Shuttleworth 1843)
irev1sed Drummond's ex51ccat1 numbers, determlnlng no.

263 A. as Bryum (Pohlla) acumlnatum var. pulchellum, and
263 B as Brgum (Cladodlum) arctrcum The set wthh Bruch
' and Schlmper annotated is presently located in Edlnburgh
-(E) (Demaret & Wllczek 1978) 'Nearly twenty‘years later,
'Muller‘(l862 a) publlshed the name Bryum drummondll,
‘referrlng to Drummonds no. 263 as the type in his proto—
:1ogue ThlS resulted ‘in a’ serles of splrlted exchanges
fbetween Schlmper (l862) and Muller (l862 b)), 1n whlch the
'former author reconflrmed the determlnatlons made by him-~

5.

cself and Bruch in 1843 ,whlle Muller reasserted that B.

o

;drummond11 was' indeed a new spec1es (see pp - for a

detalled review of their. dlSCUSSlonS and also Demaret &

‘168

Wllczek 1978). As might be guessed, Drummond S exsiccati of

that number (263)'was a mixed set, and the spec1men studled
| by Muller was not the same as that revised by Bruch and
_Schlmper (1843) Demaret and Wilczek (1978) succeeded in

locatlng a spec1men annotated by Muller in the British

'~ Museum (BM- -Hampe !) and de51gnated it as the lectotype of 2

'”Brgum drummondll Andrews (1935) examlned an 1sotype from
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the Mitten herbarium in New York and made the comblnatlon
rPOhlla drummond11 (C Mull.) Andrews, reallzlng that lt
was conspe01flc w1th the propagullferous spec1es referred
to as p. commutata by earller au orsf
_ Bruch Schlmper and Gumbel (1839) publlshed Bryum:
ludw1g11 var. graclle Schlelch ex B'S G .+ and dlscussed
1ts status as a dry habltat expre351on of the.spec1es
WllSOn (1855) dlscussed the morphology of the varlety 1n
.arelatlon to 'B. lUdngll, saylng that the var /graclle had -
:not yet been lound in Brltaln, and appeared to be restrlct—
'ed to the hlgher alps of Sw1tzerland However;‘he went on
to comment (1855 229) that - an 1ntermed1ate varletye
i»occurs near . the summlt of Ben. Lawers, agreelng with the
form assumed as the type of the spec1es by Bruoh and
"'Schlmper, ‘and hav1ng the leaves somewhat carlnate, less
._concave more acute, and more erect and crowded than the-i
form flgured by Schwaegrlchen,lwhlch 1s the same as thatlf'
glven in the supplement to Eng. Bot " That same year,'
'wllson sent a letter to ‘Bruch whlch is preserved at the
'Brltlsh Museum (BM Bruch) It dlscussed his oplnlon that:
B. ludwigii sensu Schwaegrlchen was somethlng other than;
the plant Bruch et al (1839) had descrlbed under that
‘ name, and 1ncluded small samples of B ludw1g11 and the

o

1ntermed1ate varlety between that spe01es and 1ts varlety

-

gracile Wthh he had spoken of. Apparently the rec1p1ent |

of the letter agreed Wlth Wllson that the form was dlStlnCt
& L - = , )
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L
o

from B. ludwigii, because 1n 1876 Schlmper publlshed the
plant as Webera commutata In his Synop51s ;.., Schlmper
(1876) transferred the varlety gra01le, maklng the new

_ Comblnatlon W. ;commutata var. grac1le (SChlelcher ex

: B.S.G.) Schimper Also 1n Synop51s, Schlmper publlshed
A :

: Bryum catenulatum Schlmper for- an elongate, presumably

"'wet habltat expre551on of the same speC1es he descrlbed

v

as Webera commutata Y

Dhrlng the 1890 s, J. M. Macoun sent N C Klndberg a -

. 1\3

'number of Pohlla spec1mens from the Selklrk Mountalns of
'Brltlsh Columbla,‘and over the perlod 1892 ‘to. 1897

%lndberg publlshed four new. spec1es from two months of
l

Macoun s collectlnc I have examlned type materlal for

J o

’each (W, subcucullata, W. pycno decurxens, W. mlcrO-;.

o ¥

d,-denticdlata and B. .subpolymorphum) from the Klndberg

herbarium (S), and each falls ea51ly w1th1n the morpholog—
3lcal range of p. drummond11 An addltlonal spec1es,1':7"
Bryum mlCIO commutatum, was descrlbed in 1896 from Norway,.°

and thlS also falls w1th1n the range of varlatlon of ?

‘drummondll , : _
Demaret & Wllczek (l978) felt that the Euro’f’

5

R;;commutata should be con51dered dlstlnct from»' z
American p. drummondii. They dlstlngulshed the two SpeclesA
by dlfferences in seta length capsule p051tlon, operculumi
‘Ashape,'exostome length% endostome morphology, and perlgonlal

bract shape, and asserted that P. drummondii lacks glf
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‘é?

'prOpagula. WhileaI'also'have been'unable‘to lOcatevpro—

pagula in any of the 1sotypes of P. drummondii (BM ‘NYlj'
"propagullferous plants correspondlng 1n every other respect
to Drummond s no.. 263 are frequent in North Amerlca North ;f.
: Amerlcan plants con51stently produce propagula in- culture,i
‘and rarely lack them 1n’the fleld although in herbarlum :
spec1mens they are often dlfflcult to flnd The comment y
_by:Andrews-(l935) that propagula are only occasronally E
-nproduced by North Amerlcan populatlons of P. drummondrlhy;v
’wasflncorrect,‘and was probably because Andrews was more
‘nfamlllar w1th herbarlum materlal of thlS specres than
:“ﬁpopulatlons 1n the fleld Pohlla drummondll is far moregtfift-f
"5Acommon in western North Amerlca than ‘in- the east whereiyff B
-Andrews dld most of hls collectlng Perlstome morphology,“~ﬁw
y 1nclud1ng exostome length 1s a character show1ng some'b;f;f{
':fvarlatlon w1th1n spe01es of the prOpagullferous complex,
h:as is seta length operculum shape,.and~capSUle pOSlthn
':(see frg’_3é 9 11) Varlatlon 1n perlgonlgl;bract morphology

‘t1s dlscussed on. pages 43- 46 . After having examlned over'_ﬁ;f~?*'

s 200.North Amerlcan spe01mens of P;=drummond11,,and‘numerous_ ,

'-”‘European collectlons labelled P. vcommdtaﬁa‘orﬁp.vdrgmmondii;,c'il

b oy D

I cannot flnd any 51gn1f1cant dlfferences between spec1menS'

ffrom the two contlnents, and therefore con51der the two

SR e

n_ames ) synonymous o

FATY S N
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'Distribution: (fig '32). Present collectlons of P, .
o \ .
drumméndll from NorthaAmerlca 1ndlcate that thlS spe01es
‘is w1dely dlSjunCt between statlons 1n the western cordll—

lera and those 1n the eastern portlons of the contlnent

In the east several COlleCtlonS are known from Baffln

and,Ellesmere Islands (the only conflrmed reports from the

n;arctlc 1slands to date) and the spe01es is scattered but

¢ s

bf‘lnfrequent south to Massachusetts and New Hampshlre in

northeastern Unlted States Lesquereux‘was the flrst
bryologlst to collect P drummondll 1n New England (Whlte B
| MountalnS) and%‘he three other records from'eastern’Unlted'hf“'h l
‘ States; two from New Hampshlre and onelfrom Massachusetts,d
.were- all collected by A, L Andrews between 1910 and 1920 | 4
(BH l) It is noteworthy, that no more recent'collectlons e
haveucome to my attentlon 1n splte of a rather extensrve
‘study of spe01mens from the eastern herbarla Wlth'some
ﬂ_vaddltlonal searchlng along roadbanks and other montane to

| subalplne habltats,‘ drummondll w1ll most llkely be

found more frequently 1n the mountalns of Vermont and New _

"

Hampshlre In splte of con51derable collectlng 1n the fﬂf;fi',jv:’
. / r © ! L ! ’ o
Adlrondack Mbuntalns of northern New York 1n recentoyears,

drummondll has not yet been collected from that reglon

=3 I

and may he absent from the local flora (p ‘andalu51ca and

;h:P,‘annotlna are frequent there) 'In western North Amerlca,

“ffpﬁ drummondll is frequent ln the central Rocky Mountalns,-
and has been collected from Colorado northward to the "h'?;.iw
T AR TR el e e
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proyince of Alberta' Andrews‘(l935) reported thlS spec1es

Vfrom Arlzona, based on Bartram s collectlons and exs1ccat1,’

but- the spec1mens (BH l‘ NY !,-etc. ) are not referrable to '

- 1

:P.»drummondll They are puzzllng forms (and as yet undeter—,,r

oy

"'umlned) w1th very elongate stems and more or less obtuse,

fcucullate leaves, and were collected from hlghly calcareous

s 4

stream beds,dsometlmes submerged They may be atyplcal
: N

ﬂzf'expressrons of P wahlenbergll' Along the PaC1f1c coast

y]ﬁdnorth slope of %Pe Brooks Range'(Alaska) and eastward to-p_d

A

’kapp drummondll has been collected from southern‘%allfornla'f;
- northward to the southeastern panhandle of Alaska, mostly
'“”1n the coastal mountalns. In Alaska and the Yukon Terrltory[fﬂf

_u .

let 1s known from scattered localltles northward to the

,the Hess Mountalns (Yukon) and Logan Mountalns'(Northwest,
.Terrltorles)' Wlth addltlonal collectlng ln north central
N‘North Amerlca, P; drummondll may be found in 1ntermed1ate .

'geglons connectlngathe eastern and western portlons of 1ts f"

o,

»presently known dlsjunct dlstrlbutlon On the other hand

P. dru?mondl is characterlstlcally assoc1ated with mountaln—_-‘

)

- ous reglons, and 1ts apparent dlscontlnuous North Amerlcan

>

":.lestrlbutlon may actually reflect its. present occurrence

'jNon North Amerlcan spec1mens have Hﬁﬁn examlned from-'

'Austrla, Czechoslovakla, East Germany, England Flnland,
’_France, Greenland Norway, Poland $cotland Sweden and

vWales._”»‘f?IF o
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.'SeléCted7SpeCimens EXamined- Exsiccati. North Amerlca »“’i» 1

Allen, Mosses of the Cascade Mtns 55 as B commutatum v ’
(CANM H MICH MIN WTU UBC US), Drummond,uMusci Amer-.
‘(Rocky Mtns ) 263 as-B. nutans Var.“minor (NY, BM); Grout, :

WL Am Musc1 Perf 459 aé:p.?drummahdii (NY' us, Mica,JCAs,

F, COLO ’MIN CANM) 462 as p. gracilis (MICH UBC Qus;“

- MIN CANM) Holzlnger, Musc1 Acr Bor., - Amer 663 as

,QRQ prollgera (COLO), H0121nger, Q%sses of Northwestern

~

'sfMontana 49 as W commutata (MIN), 50 as. W ;carlnataw(MIN),

51 as W('carinataf(MIN),,Sull & Lesq Musc1 Bor Amer

L (ed..2) 265vas 5. -cucullatum (NYS--\ln part) 180 <ed lf’f”
tas B'-..,annotmum (BH - in part>, 270 as 5. 1udwwu- <MICH> S
e : R el L
' Can Musc1 49 as w commutata var mlcrgdentlcqlatum (US),* RTINS

:ia62.aS W Commutata (CANM), 326 as w commutata (CANM) 408JE'iabatn

,“‘2847 (ALTA)

'>;as W, oOmmUtafa (CANM), 423 as w., commutata (US, H NY

i CANM MIN),’424 as Wi, gra01lls (NY WIs, MIN)nv4so as
' o |
B)5 468 as pucullata (US):‘_*

gra01llsi,Nia
.;Macoun, Canad Crypt ?47fas;w nutans var macrospora (US),

‘a'_50 as w bycno‘decurrens;(US) Europe-A Bauer Musc1 Eur
w”v'.-"-‘EXS. 1092 as. p. comhutata (WTU COLO@ 1623 as P. cqmmutata_stJ
'ff(ALTA COLO WTU ; 1n part),_Husnot\QMa301 Galllae 710 as
.W;fcommutatab( H WIS)‘ LlSOWSkl, Bryoth Polonlca 287 asl
‘ 9,.commutata k ), 732 as P commutataﬁ(U) Canada. Alberta

-‘Jasper Nat P., Mallgne Lake area,»top of Bald Mtn Shaw_;_,

e Loulse, Macoun 179 (NYS) \?bove Peyto ;e\»-”'

k )
:vLake, Crum & Sc%ofleld 5167 (UBC) Kananaskls area Fortress .-,; ]f’fjtﬁﬁ



Labrador.

o

Mtn. ski area,_Shaw¥2830'(ALTA); Mtn.fPark‘area,tvrgt &

Peteréon'6933 (ALTA)' Brltlsh Columbla 'CéSSiar~Mtns},

Stlklne Range, vitt 19471 (ALTA); Revelstokefarea, rd:'up

Mt. Revelstoke,,shaw 2823 (ALTA) . Nelson area,bKokanee

Creek at Redflsh cmgd Shaw 2767,(ALTA)L'Glacier7Nat 'P{,'

along Lunch Creek just east of Logan Pass, Shaw 2728 -

8 e
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(ALTA) Nakusp area, 22 km. N of Nakusp on - Hwy 23, Shaw R

2212 (ALTA) chklng Horse R near Hector, Brlnkman 772

}(BH)- Okanagan nghland Blg Whlte Mtn Eady,'l968 (UBC)

North Vancouver Mt. Seymour, SChofleld 20104 (UBC)

' Head of Kangalak51orv1k Flord, Weber 1527'

(NFLD). Vo dleook Flord Weber 1490 (NFLD), Tw1n‘Ealls'.f

area, Scott

~33188 (\]FLD) Baffln ISl Clee R - Polunln 2604 a 7 PRI

¢

SN

‘Prince Edward Island Queen CO 2 ml (1 mlyy—'i 6 km )

S of Melv1lle,«Ire1and 13838 (CANM) Quebec - Ungava,-

v101n1ty of Helen Falls, Weber 1348 (U) ‘R1v1eres Kogaluk

et Payne, Rousseau 696 (BH) Gaspe, Mt Blanc, FablUS 6145

l

(BH \Dkon Terrltory Kluane P., Scotter 18223 (NY)

60 mi. S of Halnes Jct., SVlhla 4007 (WTU) Bonnet Plume S

Range, Vltt 22768, (ALTA). Hess Mtns., Rogue Range,_vltt'”

’ .-‘

- 23557 (ALTA) U;S,A Alaska 'Juneau_area,vln front of_e, '

'alls,_Brassard 6397 (NFLD), Worthwesthérrié_"

B torles Ellesme e Isl ; head of Tanquary Flord Braseardf}ﬂ'”

g(UBC) Cumberland Sound Wynne Edwards 33 (CANM) Logan lelv

: Mtns., Lake close to Nahannl R g Vltt 23285 ALTA 'C»_f.if

;lrgange,;Rlparlum Lake{_v;ttml6876 (ALTA). Selwyn Mtns., It31, SEERE

-

v e



.

K

A e 176

-MendenhalllGlacier; shaw_1865 (ALTA).iSkagway area,,Upper,

4‘_Dewey Lake, Shaw 2135 (ALTA)‘ Amchltka Island near  Pond

29, Reitch 104 (CANM). Lake Noluk 68°47" N, 160 W, Spetzman

M36 KUS).'California; Yosemlte Nat. P base of Mt

‘Dana,,Hall 64 (BH) Slsklyou Co., Squaw Valley Cr. , Kocﬁ“

.157565,(UC)' Inyo Co., Blg Plne Lakes, Howell 1947 (CAS)

‘15 mi 'SSW of Hebron, Hegmann 25716 (CANM) El Paso Co;,

Colorado3 Near Tolland Grout 1914 (DURE) Jackson Co.

T

Plkes Peak Rlchards & Rublnsteln 1200 (F). Pitkin Co.,

ca;‘sf “E- of Aspen on Hwy 82, Shaw 2555 (ALTA)‘ Gilpin o

ACC 20 km W of RolllnSVllle on Corona Pass Road Shaw
.22602 (ALTA) Larlmer Co 5 ml W of Mllner Pass on: Hwy
:C34, Shaw‘2673 (ALTA) Idaho Elmore Co ' B01se Nat.;_“:

.Foresﬁg'MacFadden 19309 (UBC) Kootenal Co Hope, Sandberg R

1206 . (BH) Montana Glac1er Nat P ,vLunch Creek jUSt E

Jof Logan Pass, Shaw 2728 (ALTA) Flathead o Lake McDon-*i‘“

'fald H0121nger & Blake, 1898 (MIN) New Hampshlre

TlfFlowers 4080 (COLO) Ulntah Mtns , Ottoson Ba51n, Flowers:

19654 (COLO) Washlngton , Mt Adams,_Blrd Lake, KOZloff %flm.:m::g_,

/R,Randolg Andrew% 1917 (BH) Whlte Mtns | Klngs Rav1ne,;w“'

_i.Andrews,-l918 (BH) Whlte Mtns Lesquereux (szne no. )

£ ’. .' ».

l M(US) Oregon Clackamas Co Mt Hood area, rd to Sahalle

' N

,Falls,‘Shaw 2524 (ALTA) Utah Salt Lake CO - Wasatch p"

7nfMtns r Flowers‘4501 (COLO) Dushesne Co ,_error Lake,

L8

-

;e

231 (BH) Lew1s Co., trall to Plnnacle Peak Lawton 50246 *K‘

N

"-(WTU) Klng CO Stevens Pass,‘Sh%{p, 1954 (WTU)

o



N red plgmentatlon of the stem and older

.Lake,,Schrierer'Zl KMICHY; Parkao., Beartooth'Lake,

s

o I
B

Snohomish Co., 0.25 mi. N of Bar low Pass on Mt. Looerwa,

‘Shaw 2335 (ALTA). Clallum Co. Obstruction Pk. area, Shaw

[

177

2363 (ALTA) . Plerce Co , Mt. Ralnler, Paradise Pt., Shawvh_

2402 (ALTA). qumihg;vaeton Co., bank s of Bradley Lake

‘Trail, Shaw 2695 .(ALTA). Albany Co. thtle Brooklyn

Conard, 1953 (CANM).‘—k | B X
. . - L . o;. - ey o

»

pPohlia drummondll lS characterlzii‘iy'its l) typical
p

opagula 2) éréct~,

B spreadlng to w1de spreadlng leaves Wthh generally become

. strongly carlnate when dry and 3) the occurrence of ld@

P
1

3

(9 .

"elongate, oblong, bulblform, branchllke,'ax1llary propagula

'_'whrch arlse 51ngly in the leaf ax1ls and have consplcuous,

.'5iflexuose,_leaf prlmordla scattered on- the bulblform bodx

. ag well as at the propagulum apex (e q. cf flg 341:6,x7).

‘-‘A,.

l”As a fleld character, the red plgmentatlon Wthh is char— ff

:racterlstlc of the stem and mature" propagula 1s the most

.,%._

o Slmllar spec1es It should be noted however, that the fo,r

.o .
. A

lfstate of thlS character does vary to some extent as:do .

.

:turfs,vthe'stems of P drummondll are often less dlstlnctly

*1red the leaves are more erect and concave rather than‘

r"

h'or lowland expre551ons, but are related to- the latter by

carlnate, and oropagula are generally scarce Such forms_v".,,m

E may appear vastly dlfferent than typlcal elongate montane

- v s
RN §

R At

) Ny

Y

‘:?rellable character to dlStlngUlSh P. drummondll‘from other “;‘;5"

"gmost taxonomlc characters When formlng compact alplne’:’l-'"~57



Cog

‘7ivax1ls (except 1n the cases referred to above) Cultured

l

[

a complete and contrnuous array of 1ntermed1ate forms

'y o
Subalplne or low alpine 1nd1v1duals grow1ng 1§Fsllghtly

protected s1tuatlons are more . elongate than the typlcal

’ compact, alplne forms, and 1nd1cate that the latter

-

(alplne)\expres51on is nothlng more thah an extreme,‘
/ N

phenotyplc, habltat modlflcatlon Sponophyte productlon

e
A

Is, gu1te frequent 1n these.alplne populatlons, and is

correlated wlth a relatlve scar01ty of prfpagula in such
¥

| forms It was thought that perhaps thlS lack of propagula

productlon is 1nd1cat1ve of some genetlc dlfferentlatlon -

between mohtane (or lowland) and alplne express1ons, but

three populatlons of very compact nonpropagullferous,

fertlle, alplne plants produced abundant typlcal propagula

when grown from elther spores or propagula 1n ae greenhouse
at the Unlverslty of Alberta These compact modlflcatlons

~

are, accordlngly con51dered phenotyplc rn nature, andfare,

'not glven formal taxonomlc recq‘hl ”"'n,the.present.-'“

work Andrews (1935) reported tha _ drummondll produces“*:f;ﬁ
propagula only 1nfrequently Although they are often u@;”
dlfflCult to find in herbarlum spe01mens, P drummondllf

/
I

con51stently produces l 3 propagula 1n 1ts upper leaf

'f-*—populatlons have, 1n every case, produced abundant propagula
i -

The propagula of P drummOndll vary 1n length W1th age

()

and state of development but otherw1se are rather unlform

f 1n appearance. When very young 1n the;upper most leaf

v
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{ : .
axils (e.g. fig. 34: 1), the' propagula are more or léss

,isodlametric, pale“to 1ight—green, and have well developed, -
laminal.leaf primordia which are very prominent relative -

‘to the size of the propagulum body. At this stage of
development, they are not unlike young propagula of‘

p. filum (e.g. fig. 37: 1), but the‘leaf primordia are

‘even more prominent relatlve to thebpropagulum bodv, and

‘e

1n any case they are 1nconsp1cuous and rarelY observed -
(unless searched for) in elther species at this stage. o
When somewhat older (e g. 3-5 leaf axils below the stem\
@apex) , the prOpagula of P. drummondii are still green,

but are elongate—oblong,-usually several times ‘as long

as wide, and have oonspigpous, flexuoseyleafhprinordia’ )
(e.g. fig. 34: 2-4). Later in the groning season, the
propagula invariably become red, and I have-observed little,
if any, variation in "mature" color. The propagula of”

P. drummondlr approach most closely, the presumed ancestral
‘COndlthH among this complex of propagullferous'Pohllas,

and sometlmes it is an arbltrarg dec131on to ddistinguish
ythem from deciduous branches It is not uncommon to find
branch-llke structures lying loose ln herbarium packets
that'represent propaéula which'have c0ntinued apical growth
after falling from the stem (e.q. ffg 34: 8). Such struc-
tures have well developed central strands (fig. 34: 8) and

the leaf prlmordla" are actually costate. The only differ-

ence between these branchw-like propagula and true axillary
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A . .
branches is that the propagula are separated from the stem

H

by a constricted but multi-seriate stalk, in the region

of which separ&tion occurs. By Sectréning propagule of

'varying lengths, it is possible to reconstruct the gradual,

temporal'differentiation‘ofvthelcentral-strand. The occur-
rence of theése branch-like propagula is characteristic of
P. drummondii, and I have not obseryed them in any other o
Nerrh American prgpaguliferous~species except oecasionally |
in P. filum. Pohlia wghlenbergii also occasionally produces
deciduous branches rhat may bevobserved in herbarium
packets (Baeialso Nyholm 1958). |

Alpine %Opulations of ». drummondii which seem to lack

propagula may be confused with P. obtusifolia or P. bolandersi

Y
when these are sterile. The taxonomic status of P. bolanderi

- will be discussed in detail in a future;paper. The affinitiies

i

v 4 7 ~

of P. bolanderi are clearly with the P..elongata-P. longi-
colla complex, but when sterile it cdn appear rather similar
to P. drummondii. Pohlia bolanderi is distinguished by its

more or less erect, scarcely carinate leaves which havei-

a: dlstlnctlve blue- green metalllc sheen, and by its lack
¢ \

of red plgmentatlon. When sporophytes are present, pP. %‘

: bolanderl dlffers‘ln its elongate, narrowly pyriform,

N

horizontal capsule, 1ts ?eadlly revolvable annulus, and
by its endostome segmegy% whlch are only narrowly perforate.
Both P. bolander1 an§:P drummondll are dlolcous, and have

bulblform, termlnal perigonia. When sterlle, R. obtusifolia
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can be distinguished from p. drummondii by its subtiy,a_ ‘ '/ 'V)'
but definitely cucullate leaf apex, wider, laxer leaf - e

cells (often to iSDum wide),‘énd by its less distinct red
pigmentation, although it ie sémetihes‘pink*stemmed. When
sporophytes are present, P. obtusifolia is readily dis—‘
tinguished by‘its paroieous inflorescence, and by its
slender, deiicate,:endostome seghents (see Nyholm 1958) .

The only other Nortthmefican propaguliferohs Pohlia
with propagula arising sihgly in the leaf axils is p. filum.
See under that‘species for the characteristice‘with which

to distinguish it from P. drummondii. Pohlia andalusica

s

can have propagula which are similar to those of ».

drummondii, but they 1nvar1ably quse in clusteg§,sin the

former species (p. andalusica). when occurrlng 1§;Clusters,

poad

y
the obconlc propagula of p. andale1ca (e.g. fig. 40: 1-9)

are dlStlnCt from any form of p. d%ummondll propagula

When 1arger, 51ngle propagula occur (e.qg. flg.‘40: 12-14),
however, they can be confusingly 51milaf to these oflp. |
drummondii, but are distinguished by‘their.red—browh color,

*

their more rounded—obighg shape (e.g.chmparelfig. 40: 14

and 34: 7). and by the gieater restriction,of the leaf

. prlmordla closer to the propagulum épex I should empha51ze

that the last character is most useful in conjunctlon w1th
other characters, 'e.qg. propagulum color and habit of the
plants. In habit, »p. andalusica differs fromﬁﬁi drummondii/

—~

in its more slender stature, less strongly carinate, more

&
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2. Pohlia filum (Schimper§ Mart., Svensk. Vet.-Ak. Arh. Natur. /

i L
.

14: 149. 1954.

SBryum g;acile Séhleicher, Cat. Pl. Helvet., ed. 4.39. 1821.

3

qaom. nud:
Br&{f l&d&igii var. gracile-Schleiéher’ex B.S.G;,,Bf?%l.
Europ. 4: 109. 1839 (fasc. 6-9. Mon. 39.). Type: specimen

14

not ?ftedti(iectbtype: BM-Schimper ! 'f"Brqu/Webefa/

ludwigii vgr;'g.’pianta sterilis in foliorum axillis
gehmifera. brimsel,ZZS August 1839”] ?'1eg. Schimper).

{Brgum nival%/ﬁooker ex Wilson, nyol.‘Brit. 229g>l8§5.

C(noni. nﬁd./&n.sym.: B. ludwigii var. gracile).

' Webera Iudwigiivvar; g;ac;le (Sdhleiéher ex B.S.G.) Séhimper,

Corall. 67. 1856, 0 | o
Webera gfaCHJ;s (schﬂéicher ex“B.é.G.) De Not., Atti Univ.

A - _ .« - ~ .
‘Genova 1: 418. 1869. T o ' ﬂ\yk_.i ,v_
Bryum fizqﬁuschimpef}'syn.agd.'zz 470. 1876. Type::"...
pfope ¢hamoqnixf(Payot);" (Leéto;ype:’BM-Schimpér ;).

.Webera.commutéta var. gracile (Schleicher ex B.S.G.)

Schimper, Syn. ed. 2: 404. 1876.

Pohlia graciﬁis’(schleicher ex’B.S.G.) Lindb., Musci.Scand.
=g e | X | | -
17.°1879. hom: illeg. (P. gracilis Hornsch. 1819).
. ) be) T . .

Webera ludwigiji Ssp..gracilis (Schleicher ex B.S5.G.) Kindb.,

e



 Muscin. FranCe*l:fé78; 1884.

229. 1889.

'.1.55
‘.

\ | x |
: Brgwm'carlnatum Beulay, Mu501n France [I:"280. 1884 Typeﬁ'

o 2

i Ma551f du Mt Blanc, sur plu51eurs p01nts, fert verswle'"

'mllleu de 1' algullle a' Bochard (Payot) Pelvoux prea \31\1

lac. ‘de l Echauda (B[oulay]) " (Lectotype H-SOL & TMont-
. \ L ey
Blanc,‘cha1ne87des alqullle Rouges leg Payot determ.
£ : o _ A
Boulgy], , - - ,‘ ) e . S

Webera ¢ﬁcullata var carinata (BOUl,kHHusn., Mus?i'Gall.

- Webera carinata (Boul.) Limpr., Laubm. Deutschl. 2: 261
N o w L
1892, I \/

s . : ,,-, o » ’ . . | . N
Webera gracilis-var. cafinata (Boul ) Amann, Rev. Briyol.
. o ) M J '

20: 43.°1893. .. G RO

]

Webera commdtata sSp; graéilis (Schleicher exié;S.C.) Dix.,:

:Stud Handb ‘Brit. Moss 309 1896

Webera erecta A Roth ex Corr., UnterSﬂ Vermehr?"Laubm L;

T Brutorg 159} 1899' hbﬁ}‘llleg Type Vom gchwarzwald

an der Strasse vom Ruhsteln gegen Achern T VIII 1896,

‘TTVI und IX 1897 Type not ‘seen. - _“fye ”:" _'_1_:r lf‘

Webera: torrentlum Hagen, Troms' Mus Aarsh 22 “110f

_1899 Type '”Vo Hatfjelddalen, Trollerud Susenf]eldet

'LOJpskaret 1300 m. F.; Mo Andfjeldet A (_); Bef}ren,'

Tollaen:_Hl; Saltdalen, ¢lfjeldet 500 mi: F.;o Skjerstad
B e :

"Balmlfossen, belm Flusse leen 520 m nahe den "Ny

ii
o .

k] ¥ v ‘
5 SRR
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K. Svensk. Vet.-ak. Handl., 7(9): 65"1883 R
"Bryum commutatum Vér{’grac1le_(8ch181cher ex B S G )TBdﬁI.; L



.. Dism., Rev. Bryol. 32: 91, 1905 SRR

" . . 5 RS . . ) L ta
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. S . , . o
. . R . RN .
'
N

T
E]

‘Sulitjelma"aGfdben;S76 m‘E:H"(Lectotype TRH -ex: herb

:Hageh~!f.'Tr; Barﬁo, Storfjeldet in der Weldenreglon o,.

\‘-Nordrejsen, Javrreoalvve in der alplnenrReglon Z\\..(.‘,)-.‘a

Tanen, A%gasvarte Kaur »('5 (alL.spQCLmens 1n‘TRH—5§gen)ﬁ 'y

Pohlla commutata Var fllum (Schimpe%) Dus ;Bih, K.

- Svensk vet. Ak Handl 27.°Afd. 3 (1): 46& 1901

~ ]

Webe:a rpthll'COrrenS in Limpr.q& Limpr. f.;,Lagbm.

‘Deutschl. 3: 728. ¥302. (based on Weberd erecta A. Roth

g Correds). . » B )
1édglia‘to;;§ﬁﬁium (ﬁagen)iBtéth.iin Ehglet.&'Praht;;
o o e S - ‘

©Nat. PEl. 1 (3):, 549. 1903, o
’Pbﬁléé.carinata'(Boul ) Broth i;.EQg}ert&farantl,”Nétb
"ﬁfl.'l'(éo:t549. 1903, B

 ”gwébefb'gfaci1i§ f elata Loeske, MoSéfl Harzes 221. 1903

L v
S

i"Type "bel Torfhaus und Oderbruck in chausseegraben (750—

,.3’800 m. ) . \\?w1schen 1100 und 900 m. anldenjllsenpurger
’Chapssee (type not. seen) : '"_7 f.;" 4ff" ,

Pohlia-rothll (Corfgns in lepr - & lepr f.) Broth
"-’nngler & Prantl Nat. pfl.-l,(a)e;ssl, 1903

3
-;webera Commutata var fllum (Echlmper) L?eske, Mossfl

tHarieSj221. 1903. e

Pohlia'grééiiis var. elata,(LoeSke) LQeéke; HédWigia 47

f8l. 1908

S

)zi,;]~"

‘-Pohlia_annotina var. .rothii (Correns in lepr & Limpr. f.

POhlla carlnata (Boul ¥y Loeske 1n Bauer, Hedwlgla 48 32100

'.



K mPohlla drummondll Var grac1lls (Schlelcher ex B S. G )

i \ ; }‘.
1909. ‘ % "‘. R "t_. b R )

Pohliavgracilis Var‘ torrentlum (Hagen) Arn & C;'Jens.,'

Naturw Unt, Sarekgeb 3 (3) 1910, S Q

e

.Webera anhotina'varﬁ erecta (A;'Roth‘ek.Correns)r

xiex DlXOn,vStud Handb Brlt Moss;.ed; 3% 335}'1924.

L%

Podp ’Aot;aSoo.h Vat M%rav Brno 17 (4) f} 1945,

S

v

Pohlla drummondll var’ fllum (Schlmper) Podp ;- Consp
R e e '/;'4“ . : '

338. 1954 T .5:‘ e S
'Pohlla drummohdll var carinéra'(Boul.):Podo}{?COth. 338;

" 1954, _}fc%_,; ”{a | sj | !ﬁ,'y.g_;;?;

‘.:Poflla SChlelCherl Crum, Bryologlst 7Q:;2ﬁ4 1969 (based

:Qn-Brgdm.ludwrgilivar.,gra01le Schlelcher ex B S G ) ,{\h

D Rt
b 2 ) o e .t 1 S e
:"Plants:mostl slender, formlng small scattered populatlons

Or occa51onally exten51ve, dense turfs, il' glossy when

~

‘dry, rarely dull sometlmes w1th the leaves +- 5 ranked and

'strongly carlnate,fstems 5 lS (60) mm hlgh green above,rskyu

. .
-

’green, orange,‘or sometlmes red at the Hgse when mOlSt
h7:blackr at least near the base when dry, Smele or once‘
'hlnnovatlng at- the base when sterlle, 51mple or, more often l‘H‘
']once 1nnovat1ng below the perlgonla when fertlle, leaves )
’;erect 1mbrlcate to remote when dry,verect or occa51ona§ly

‘ s ¥ spreadlng when m01st (0 5) 0'6f0-9761.5) mﬁ. 1Qng,,_*}

. .
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(O 2)=0. 3 0.4~ (0. 5) mm wade, narrowly to broadly lanceo-

N

Y

late or- sometlmes ovate lanceolate, abruptly acute,

\’;'usually +° decurrent by 2-5 rectangular to rectangular—

‘-f'leaVes, upper cells rectangular to rectangular rhomblc,

“Tl(soo) um long, green when youf
'tfwhen older often becomlng bl

f*7;(2) 3 6 short trlangular lam

frhomblc cells,ksometlmes scarcely or not at all decurrent
'dln compact forms,‘marglns plane,,subentlre to + strongly,if
-;‘toothed 1n the upper 1/3 2/3 subentlre to entire below,
-bcosta endlng 2 4—(6).cells below the apex, green in young
leaves, green to red brown or more often black 1n older
ﬂ";rarely verm1cular,\(35) -50-70- (85)'um long, (6)-7-11- 4y
'tum w1de .thlnewalled undlfferentlated at the margln;

'rectangular near the base, 2-6: l asexual propagula usually
gpresent in l 3~ (5) ‘upper leaf ax1ls of sterllevshoots,\
'foften scarce or absent 1n compact, alplne forms, absent-

'_ffrom fertlle plants,' 51ng 51ngly 1n the leaf ax1ls,'

Tvery rarely 2 per ax1l rather unlform 1n shape, oblong

for elllptlc to subglobose,’most ofte >
o long as w1de,'abruptly narrowed

T(usually remalnlng attached tO'

' orange to orange—brown

ck when dry, opaque,rw1th,”

nal leaf prlmordla present

_w;nearpthe apex or gometlmes lo

A

er on the bulbiform body,
_Tthe leaf prlmordla 1nconsp1cuovs, Stlff and nonflexuose‘
”'iln.appearance arlslng as 1amln 1 appendages,'never as

' pegllke outgrowths, perlgonla bu blform, termlnal Qﬂ"; lify'

A




T

'plants often erect. and + strongly 1mbr1cate appressed

hllnear rhomblc to + rectangular,'sometlmes + 1ncrassate,

unbranched stems or frequently the~étems once innovating

S Jjust below the perlgohla, lower leaves of perlgonlal

{

'cau51ng the* termlnal perigonia ‘to appear consplcuous,

perlgonlal bracts abruptly acute from an ovate, concave,

often red—brown base, entire to.subent;re or sometlmes,i

strongly‘toothed‘near'the apex ;. costa ending 1-3 cells

below the apex, in the apex, or occasionally excurrent

Lo
4

as a short ‘mucrc; perichaetia terminal, inconspicuous;

perichaetial bracts to ca.‘2.5 mm . long, lanceolate to

A
CoE

'llnear lanceolate, often red at the'base; costa-endlng.in

N,

.Lthe apex or 1-5 cells below; median cells on average,

/

~somewhat longer than those of the vegetatlve leaves,

s

to lOO (llO) um long,'marglns revolute from above the

»base to just below the apex,lsubentlre to + toothed in the.;

upper_l/3» DlOlCOUS, sporophytes rather frequent eta ":l

0 om.. 1ong"°ra“9e‘ to Orange red capsules position- .

M)

~3.
| yed 95° LA5° from the vertlcal 1. 5 3 O 'longjhshort}'

"thlcker walled at the mouth less 51nuose and more nearly

' ,tQ\(rarely) + elongate pyrlform, w1th a, short— to (rarelY)u7*

+ long‘neck whlch is| often shrunken when dry, exothec1al 1

~cells longgtudlnally elongate and rectangular to 1rregularly
1sod1ametr1c, 25 50 um long, l3 25 um w1de, W1th strongly

A:slnuose walls, espec1ally when dry,‘less so.when mOlStr_oMQ;

gradually ‘to abruptly smaller, less 51nuose and sometlmes e

1
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7<conspicuous and dlstlnctlve, thlS spec1es was probablv one
‘lof the flrst propagullferous spec1es to be collected and

ﬁstudled by early bryolgé/J Leers (1775) was the flrst yf» ?.iy
’_;author to descrlbe the propagula of any member of thls Jsﬂi:v

complex and Leers probably 1ncluded P fllum 1n hlsift

'(Leers l775) See the sectlon on nomenclatural hlstory for:y
'a dlscu551on of Leer s»(l775) protologue, and later oplnlons

: '}as to the 1dent1ty oﬁf hls Mnlum annotlnum

188

s ) ' - ’ , . ' ~
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"vlsodlametrlc in the neck gradually to al abruptly elongate—

‘Q.

rectangular and thlck—walled just above the seta, stomata
¢ &

numerous 1n the~neck phaneropore,j(27) 30%38 42) um long,
annull well developed ‘of,2 (3) rows of cells, remalnlng
attached to the urn . 0T the operculum sometlmes separating
1rregularly or:farely + revolvable, opercula convex to

conic and usué lly aplculate, exostome teeth 16 yellow to

yellow brown above, sometlmes darker below, lanCeolate,
. ~ i

o+ narrowly acute, coarsely paplllose in the upper 1/3, more

flnely paplllose below, endostome segments 1¢, hyallne,

‘;keeled and broadly perforate, rarely dellcate and narrow

“ /
above, cilia (0)-1- 2 (3) between the segments, short or

, Asometlmes longAand‘i nodulose; spores baculate to clavate,

(l4)—l6jl9-(215,um
.

. R
. '\1 I

Nomenclature ‘ Because the propagula of - P fllum are both

3

concept of the propagullferous spec1es, Mnlum annotlnum

4

¢

' - o 2
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“Roth (1794, 1800) and Hoffmann (1795) used the name
- ) ‘ . - N , N . : . ‘ l s ) . A
- Trentepohlia erecta for a propaguliferous. taxon, and their

- { \.‘
concepts were prob@bly compos1te ones 1ncrud1ng seyeral

spec1es presently thought to be dlstlnctt Roth (1794,
1800) did not 1llustrate T. erecta but Hoffmann's (1795)
,1llustratlon (plate l4fj‘hows a 51mple stem w1th erect

. leaves and a 51ngle, globose propagnlum which clearly\
deprcts Fhe habit of p. filg;. On—the—other—hand a

\spec1men labelled Trentepohlla ‘erecta Hoffmann, ipse” ] .

lQHoffmann" in the Hedw1g Sch- egrlchen herbarlum (G') is

[

. P. annotlna, and Hoffmann appears not.to have dlstlngulshed

: lvthese spe01es In 1840 Roth reported that his Trent. pohlia

erecta.(l794) was nothing more than sterile plants of ,\\\
s ) , ; | : .

'Bryum‘annotinum Hedwig.

-,

Although Hedw1g (l8Ul) clearly 1llustrated B. 'annoElnum

/Wﬂd

'v(plate 43), one of hlS two herbarlﬁm sheets o thlS species

:1ncludeS“nonpropagullferouS'perlgonlal plantsrof P. filum

p
i
/

o

(see underfP :annotlna and also Loeske 1905) These:plantSﬁlf”

. e B - .
‘were dlStlngulShed on hlS herbarlum sheet (no;”9—l3'on the /..

'_sheet marked "Ollm Chemn1t211 sax lectum") as the varlety

1 T
s

nlvalls Hook (1n scheda), but no mentlon was made of

-

. . v 7 ® ’
thlS Varlety in the Spe01es Muscorum'...u The annotatlon

-l

must have ‘been added after Hedw1g s death Accordlng to

',.'Wllson (1855 P. 229)} Hedw1g sent Turner a spec1men of

fllum labelled Bryum turbonatum Hedw1gLflikeFmost_.
o authors before him~ (e.g. Leers l775,lROthvl800), probably‘

F

PRy
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g . N : . . 13 4 ) .
used the name B. annotinum in an inclusive sense, 1nclud1ng

P. filum as presently known, a fact whlch'ﬁoes not hawe
bearlng on ?is’typlflcatlon of Bryum annotinuquedw.
Schleic er (1821) publlshed the name - Bryum grac1le

for tHe Ppresent taxon, but prov1ded no- descrlptlon There

’

is a spec1men in the Hedw1g Schwaegrlchen herbarlum (G'!)

bearlng the notatlon, Bryum graCLJe Schlelcher", whlch ‘is

s a

:b. filum. Brldel (1827) llkew1se puﬁilshed Bryum grac1le
as a nomen nudum. Bruch Schlmper & Gumbel (1839) provided.
the first valid publication of a name. for this s?ec&es;
Bryum lqdwigii.var. graclle Schleiéher.ek'B.S.Gt The plant

was glven SpelelC status by De Notaris (1869 - as Webera
~ :

grac1lls),Aand,L1ndberg (1879) maae the - comblnatlon POhlla;

'gracilis: hdwever,'Ph gracllls (Schlelcher ex B. S G.)

Lindb.v(l879) 1s a later homonym of p. graClllS Hornsch

‘(l8l9y (= P;.mlnor Schwaegr., fldeNIndex.Muscorum) and .
L , : : v : s - ~

L 1s therefore'illegiti%ate. Theunext avallable ‘name .is -

'Bryum’filun Schimper'(1876), and Martensson 1956) made -

oy

the comblnatlon 1n Pohlla,,as was noted by Lew1s & Smlth
et
T

ﬂ978 Although Martensson s comblnatlon\Fs presently
:accepted ‘it has been éornted out. (Isov11ta 1n lltt x\that

there mlght ‘be cons1dered suff1c1ent reason to re]ect 1t
n.;as 1nvalld as’ artlcle 33vof the_ICBN requlres‘a dlrectb
reference tor the ba51onym when publlshlng a new comblnatlon
l

Martensson s comblnatlon, ?; fllum (Schlmper) Mart was {

' made in part II of hlS work whlle the complete reference

190

ik
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to‘Schimpers’ publlcatlon was ‘provided in the blbllography .
Wthh appeared 1n part III The two parts of Martensson s ’ o P
the81s were p0351bly dlstrlbuted a few days apart and it ‘o

"could be argued that this 1nvalldates the comblnatlon B v\‘
2 N L

ThlS 1s, however, a questlon of halrspllttlng (as was also
p01nted out by Isov11ta), and I con51der it best to accept
Martensson S comblnatlon, espec1ally because he dld refer _t - o

to the page (p.- 270) of Schlmper S. égnopSIS Muscorum S :' ‘ P

Europaeqrum at the tlme he proposed hlS new, comblnatlon_g_
.. (part II 1p, 149) . Other authors (e g Brotherus 1903)
“have’ made no more dlrect reference ‘than thlS when publlsh—' o fAh

1ng new' comblnatlons o f ‘ Zv - S ”‘ :
: : g ' ' LR SR

Several‘other spec1es are here con81dered synonymous e e

e C '

w1th P fllum for the flrst t1me,'and consequently some

‘ explanatlon 1s probably approprlate Boulay (1884) descrlbed

LA

Brgum Carlnatum from Mont Blanc in southeastern France,

maklng no mentlon of ax111ary propagula 1n hls protologue

i

blmprlcht (1892) made the comblnatlon Webera carinata (Boul )

. .a.u

Lot

lepr ; and Brotherus (1903) transferred thlS spec1es to S ila.-:,

the,genuS"Pohlla Cardot and Therlot (1900) reported Webera ]

. l.

Carlnata from North Amerlca based on a. speclmen collected

»

in Montana by JoM. H0121nger and J BS Blake (in 1898),"'

but the spec1men (MIN ex herb H0121nger )ﬁls"Pohlia'

~

drdmmondii European bryologlst_

ve used’the«name'Bryum;

(Pohlla, etc. ). car?natum w1th varyl g\appllcatlons Loeske

L

(1909) dlscussed the spec1es at some length saylng that

we N : oo NS o e R S

TRN, L
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L]
northern bryologists had been using the name for elongate
forms of pP. obtusifolia (as P. cucullata), while many other
European bryologists applied it to compact, carinate,

convergent forms of pP. drummondii (as P. commutata),

P. obtusifolia (as P. cucullatay, P. andalusica -(as P.
saten !

rothii) and/or P. filum (as P. gracilis). Nyholm (1958)
stated that Scandinavian coliec;ions of Bryum carinatum

are a form of p. drummondii. In his protologue, Boulay

N

(188&) referred to two specimens, bne collected by him-
. N I

self (Pelvoux (Dép. Hautgs—Antes) pres du lac de-1'Echauda.)
and the other collected by V. Payot (Aiguille a Bochard,
Massif du Mont-Blanc, Dep. Haute-Savoie) . Neither.syntype

could be located in Boulay's herbarium in LILLE, aithough

a scrap of péper bearing a manuscript description by the

]

hand of Boulay was found (!) (R. Lericqg, in litt.). An
effort was made to locate isosyhtfpes at CGE, G, MANCH,
MPU and PC with no success, but.one specimen evidently

‘ . . . v .
named by Boulay was found in H~SbL. The specimen ("Mont-
Blanc, Cha&nes des aiquilles -Rouges, leg.- Payot, determ.
Boulay") is a/ggTbaCt formvof P. filum with -erect, imbri-
cate,_strongly”éérinate leaves, and with a few}typical
P. fiium propagula looge‘in the packet.rApparehtly, Boulay |
overlooked the propaghlé when-describing his new species.

|

According to Hagen (1899), Pdyot distributed three differ-

]

ent species as Bryum carinat f' I have examined two other

specimens (besides the one in H-SOL) labelled B. carinatum

o ..



Boulay from the:hergér;um of N.C. Kindberg .(S). One speci-
o

men (Husnot, Musci G;lliae no. 772), coilected'by Payot .

(En montant au Brevent (ngoie)),-l interpret as an

elongate expres%ion of p. obtusifolia. Spbrophyées and

gametangia are absent, but the leaf cells afe lax (often

greater thén 15 um wide), and the leaves‘are slightly

cycucullate. The other speéimen (Flora Helvetiae et Sabaudiae

no. 59) was collected by Payot and H. Bernet and bears

the)locality description "ChgnoniifAiguilles Rouges," It

is very similar to the previous specimen, and I interpfet

it also‘asﬂ_. obtus&folia. Of these specimens, only:the

once citéd!jbove from H-SOL éouid be cbﬁéidered an lsosyntype

of B. carinatum, aﬁd it?is‘consistent With’Boulay's proto-

logue iﬁfevery respeét. Coﬁsequently, ;n the absence of a

specimén from the Boulay herbarium, the one in H-SOL is a

suggestéd as lectotypus nova. It should be added that

although Bryum carinatum Boulay (1884) was predated by

. carinatum Bridel (1827), the latter name was published

as a nomen_hudum in synonymy of B. cucullatum, and need

ol

Jot therefore be considered nomenclaturally.

ﬁ;gen (1899) compared the descriptionnofAWebera =
payotii (Schimper) Limpr. given by Limp{icht (i892) with
that gi&en in the original perélogue byLSchiﬁper'(1876),
w‘énd‘cbncluded that these'authorsiweré applying the same

name to different plants. He (1899) consequently felt that

Limpricht's plant was without a name, and proposed Webera



~

N
torrentium‘for the "neglected” species; In his discussion,
: Haden (1899) reviewed the featuresfdistinguiehingIW.
torrentium from webera carinata and P. drummondii (as w.

\ ; ,

commutata), but did not mention P. filum (nor as/f.

gracilis). He did not consider the propagula, but dlStln-

194

‘gulshed these three species by differences in the morphology

'\\ )

of their perlgonlal bracts.” An examlnatlon of 12 spec1mens,

i
1nclud1ng four syntypes, named w. ‘torrentium (or . payotii

Limpr. (sic)) by Hagen revealed that Hagen was applying
the name to elongate expressions of P. filum. Typical -

propagula (e g. cf. fig. 37: 3, 4) were present in most

specimens.

b

Pohlia rethii is presently considered a‘synonym of
P. filum, the‘reasons for which are given under p. andalus—
ical North Amerlcan bryologists have frequently applied the
name p. rothii to P. filum because the 1llustratlonvglven
by Andrews (1935) showed this spécies (it was reproduced
fifom Correns"1899 plate for webera erecta).

2

.fDistrlbutioh: (Fig. 35). pPohlia filum has been collected
—
from scattered localltles across low and subarctlc North

'Amerlca It has not been collected in the Rocky Mountains

south of Alberta, but is found in'Washington and Oregon
/

in the coast ranges In eastern North Amerlca 1t has been
Qﬂ

collected from Baffin Island and the Keewatln in . the North>

to Gaspe and Prince Edward Island in the south There are

R,



scattered localities across North—central Canada and
undoubtedly the species is more common thap collectlons
would presently 1nd1cate from areas such as continental
Northwest Terrltorles and northernmost Ontario, Manltoba
and Saskatchewan. In western North Amerlca, there are a
number' of collections from Alaska ranglng from the North
slope of the Brooks Range (Noluck Lake) to, theffenal
penlnsula and the state'$ southeastern’ panhandge Pohlia
fllum is notably frequent and well developed along the
Pa01f1c Coast of Alaska and northern BrltlSh Columbla,
as indicated both‘by herbarium collections and personal
observation. Additional collectlong hakéﬁbeen seen from
‘the Aleutian IBlands to Attu Island, the, westernmost of

Y

the chain. Most probably, P. filum ranges continuously
_acrossﬂto, and along the Paclflc rim of northwestern A81a
In Brltlsh Columbla, b, flllm occurs occa51onally in the
klnterlor/Selklrk Mountalns, and extends southward along

the Cascade Mountalns to Crater Lake, Oregon. ThlS speC1esi
“has been collected byeupmerous bryologlsts at Mt. Hood,
Oregon,‘at least since ThC. Frye collected it in 1921 .
(WIU !). Except for the Crater Lake locallty, Mt. HoOd'isp
thé’ southernmost statlon for p. fllum'1n”NOrth,Americaa’5
Non'North American collectlons have been examined from
-Austrla, Czechoslovakla, Denmark East Germany, Federal

Republic of Germany, Flnland Greenland Iceland, Italy,

Norway, Poland Scotland, Sweden ‘and Sw1tzerland.“



‘annotina (MIN); Europe: Bauer, Musci Fur. Bxs.-313‘as

(ALTA) . Kokanee Glac1er Prov, P.,JBsmerelda Creek Trail,

(NFLD) . Ta51uyak arm of Nachvak Flord Weber 16ﬁ7 (NFLD).

~(NY) . Baffin Island Coronatlon Flord Blou1n 1079 (CANM);

5

I

. Selected Specimens Examined: Exsiccati. North America:

'Macohn, Can. Musci 76 as W. annotina (CANM); 162 as W.

’

P. gracilis AF, BH);_3l4 as P. %gracilis (F, BH); 315 as
P L 3

: Ly . ;
P. gracilis (F, BH); 905 aS/P. gracilis (F, WTU); 906 as
P. gracilis (F, WTU); 1094 (WTU, F - in part); 1388 as . -
P. gracilis f. elata &WTU, F. CANM){ éauer, Bryoth.

Bohemica 124 as W' commutata var. f£ilum (WTU) ;> Brotherus,

Bryoth. Fenn. 337 as P. bulbifera (US); Cryptogamae Bxs.

@

196

4098.as W. annotina (MO, US' COLO) ; Kopsch, Bryoth. Saxonlca

51 ‘as p. grac1lls U), LlSOWSkl, Bryoé; -Polonlca 458 as
. o
P. rothii (CANM).. _Canada. Alberta: Jasper Nat. Park,

°

"Mt. Edith Cavell, vitt 11799 (ALTA). British Columbia:

-

Prince Ruperr"area, along 0Oldfield Cr. in Prince Rupert,

© Shaw 1562 (ALTA) Revelstoke area éa lO mi. (1 mi. =

1.6 km) S of Revelstoke at Blanket Cr Cmgd., Shaw,él96-

=1

g

Shaw 2769 (ALTA). Mi. 75 of Haines~Hwy. Crum & séhofleld
9617 CA@M Stickine Glac1er, Cooper, 1916 (DUKE)

Labrador: Head of Kangalak31orv1le Flord Weber‘1519

Churchhlll Falls, Brassard 5513 (NFLD) Northwest Terrltor—_

A ies: Great Bear Lake, head of Hornby Bay, Steene 10500

.

Head.of_Clyde Inlet, WynnefEdwards.9300a.(NY). Pfrnce

Edward'Islahd:.'Princé_Co., 5 mi. east .of Richmond;,
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Ireland 10318 (CANM). Quebeo: Er coast. of Hudsbn Bay,
Creat Whale River, ﬁarr M412 (NY).'E bank of George Rg,
57060'N, 65033’W, Weber 1320 (NFLb). Saskatchéwén:‘{bake
Athabasca, Hermesh M2 (ALTAYI Yu@on:',LakefLindenan,%”;

‘ williams, 1898?(US). Klondike‘River Bank;, Wizliéms, 1899
(NY); Kluane Nat. Park, Scotter 20344 (NY). Selwyn Mtns.

‘Itsi Range, Vitt 23195A(ALTA).'Hess Mtns., Keel Pk: area {
dor'ton 5628 (ALTA)' Between Mt. Archibald & Mt. De Coeli,fy
: Crum & Schofield 9082 (CANM). U.S.A;‘Alaska:; Kenai_ |
) penlnsula, PortaZeleacier,_Vittlléséj (éLTA),‘Circle. ..
»lQuad., v101nity of Eagle Sunmitﬂ‘Steeref72¥8l9~(ﬁY5.'Icy
/Bay,lMazaika,,l946 (MICHl. De Long Mtns | Noluck Lake,‘ _i‘
‘Steere‘%3353-( Y). Healy Quadrangle, 2fmi. E of Cantwell |
Hermannn2l27d (DUKE). 15 ml E Of Ferry, Bennlnghoff 1948
(NYl; Juneau area, in front of Mendenhall Glac1er, Shaw

1860 (ALTA). Mehner,,19o4 (WTU) Ketchlkan area,.ca ~5 mi.

¢ N off Ketchlkan at Ward Lake Cmgd ; Sham 1668 (ALTA)‘““ “g;v_
. Skagway area,‘around Upper Dewe; Lake, Shaw 2126 (ALTA) ‘
In the fleld P. fllum is a very dlitlnctlve.spec1es,f;\

‘ Characterlzed by 1ts l) ecologlcal settlng on very -inor- , \-

ganlc,‘sandy, mostly exposed substrates, 2) plants slend;r,l: |

w1th the leaves lmbrlcate to remote bu‘\ysually erect and

3) 1ts globose to oblong or- elllpth, bulblform propagula:_d

Wthh arlse 31ngly (very rarely 2)f1n'a few upper leaf

ax1ls When well developed in-a sunny but frequently

} m01stened habltat . fllum forms exten51ve turfs of erect
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sterile, stems, often 1.5 to 3.0 - (6.5 !)‘cm. high, with
" 3 . ’ . ¢ ' A . . . » . - ’
abundant, green propagula present on most stémsf»Frequently,

patches‘of male plants, and female,plants With sporophytes
are elso present within mell developed turfs. When growinq
in un&%ually shaded habitats,fthe'leavesﬁof,P.ifilum may

ibe more lax:andAspreading,_but suchlsltuations are un-
_usual. The plants may be paler, lack or scarcely have the
sheen typlcal of its leaves in sunn/ habltats,iand the
1eaves are often larger and sometlmes‘more broadly‘ovate~ fh
lanceolate (e g. fig. 36; 1). Also in. such habltats, theA’

propagula may - have leaf prlmordla whlch are larger, 1axer,'

vand more flexuose, green and consplcuous In vVery exposed,

-

rather arld 51tuatlons (e.g. Mt. Hood Oregon, or Mont
Blanc, France - cf the type of Brgum carlnatum Boul )

fllum may be very compact barelyQS mm hlgh and have _‘

A'erect 1mbr1cate, Smaller leaves (flg 36:‘7;9). Sometlmes e

-y

such forms have the leaves more or less dlstlnctly 5- Q'

g \ranked and strongly carlnate These compact xeromorphicf

o w .

‘jexpre551ons often have few propagula, and the leaf prl—

»

',.mordla are mostly small trlangular, and restrlcted to the
' apex For the most part the propagula of P filum~are very
'unlform in shape, when young, they are globose, pale green,”

’ﬂand the prlmordla are well developed 1n relatlon to the

size of the propagulum body (flg: 373 l) Older prapagula

i

vary from sub sphaer01dal to oblong or elllptlc,q fv

rarely elongate.and-branchllke;’They are stlllzgr {

e
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well developed and consplcuous in early sdmmer,‘usually

N \

become more or less orange durlng the course of a,grow1ng
season, and characterlstlcally (but not always) become
'almost black when drled The leaf prlmordla arlse as
llamlnal appendages (flg 37: l,ill: 3), and are often
restrlcted to the aplcal reglon of‘larger propagula Thish
F'lS not always the case,rhowever,‘and sometlmes a few
‘scattered Stiff- looklng prlmordla are present as far as -
w‘mldwayﬁgown the bulblform body (e g flg 37‘-5 ‘é)' As
jin@ted above, when grow1ng in atyplcally shaded 51tuatlons,
.the propagula of p. fllum may- have larger,vmore consplcuous,'

»sometlmes'fleXUOse leaf primordia. Such forms can be . dls—

tlnctly convergent w1th, and dlfflcult to dlStlngUlSh from

»

P. drummondll (see a_lso élow).-

.

‘.Pohlia £ilum and »p. Ummondll are’ the only two North -

Y

AAmerlcan propagullferous Pohllas whlch have propagula’3"

'xthat actually arlse 51ngly in the leaf aXllS Sometlmes

k]

P. fllum and . drummondll can appear very SLmllar, -

p) ,
'.vespec1ally as herbarlum spec1mens, but the two spec1es'

y“seem to actually 1ntergrade very llttle, 1f at all (Loeske

¥
. S | ; i
1

'made the same observatlon on several occa51ons, e. g l907,
}'n41922) When botn are 1n thelr typlcal states,'é, drummondil

ecan be dlstlngulshed from P fllum by 1ts larger, more

." 5

yspreadlng leaves that are more strongly carlnate when dry, SRR

the characterlstlc red plgmentatlon of 1ts stem and pro— T

vpagula when llv1ng, and by 1ts elongate oblong,_clearly

4»-.‘

TRy

e

N
P



.- branchlike propagula with conspicuous, fleXuose, scattered

leaf primordia (e.g. fig}'34>;

The propagula of P,

v

are green when young, even when they reach a consplcuous o

51ze, but con51stently become red later 1n ‘the grow1ng

200
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drummondii

N

season. Some authors have dlstlngulshed these two spec1es .

on the basis of the relatlve restrlctlon of the leaf .

prlmordla to.the prOpagulum ape

to thelr more scattered occurrence on propagula.of P

X in p. fil

<p

um, as opposed

drummondll Whlle it can be seen that this is generally

true from comparlng flgures 11:

37, it is also clear from fig.

4 and 34 with ll 5 and

~37:'5, 6 that the prlmordla

,of‘P; filum propagula may also occur lower on the bulblform

body When determlnlng spec1mens, 1t is the smaller Slze,

trlangular shape, and stlffer appearance of the prlmordla

’v‘that is. most rellable in- dlStln

drummondﬁl (flg;~34" 37) Propa

gulshlng P.

gula on p.

+1lum‘from P{

Illum plants

grow1ng 1n atyplcally shaded 51tuatlons do sometlmes have'

/

f,consplcuous, well developed prlmordla, and such plants

can be dlfflcult or 1mp0551ble to dlStlngulSh from P

Y A
[

-;drummondll

' Among the spec1es w1th clustered propagula, é.‘filum,;_'

mlght only be confused w1th P.

e

spe01es has only a few, large propagula present, and wlth |

@

,andalu51ca,

when thls latter

much rarer forms of p. annotlna whlch may llkew1se have

“,only a few, bulbrfor? propagula

Cm

Pohlla fl

lum and p. andafh:,

lu51ca have been frequently confused 1n the past (see!ff

pe



pages géljo}y When P. andalusica has clusters of ObCOHlC
propagula in-its leaf ax1ls (flg. 5:'5),Athere is no con-
fusrng thlS wlth P. fllum However‘vwhen ‘some compact
forms of P. andalu51ca ‘have only one to a few, bulblform
propagula‘present (e g. flg, 5: S, lower leaf ax1ls),

~the plants often have erect, more .or less 1mhr1cate leaves

<

In the fleld there are usually at least a few propagula
present, 1nd1cat1ng that they had arisen in clusters, !
but sometlmes herbarlum specrmens may‘appear to ‘have SLngle
propagula These can be problematlc, but most often 1t 1s

p0531ble to flnd some of the typlcal obconlc propagula

w—

(flg 40:.1'9) present free in the herbarlum packet if 1t

i's pe. andaluSlca (see also under that specres). The pro-

’ »

pagula of pP. filum ( flg 17; 2—4) Can be dlStlngUlSh—

ed from the oblong bulblform propagulahof P andalusica>
'f'(‘ g flg 40: 12 14, :ll;’Sl by thelr dlstlnct constrlctlon
at the dplcal reglon from whence the prlmprdla arlse,'

g1v1ng them an egg shaped appearance, and by thelr green '5,

to orange color whlch contrasts the typlcal red brown of
: . _ O ST N R P R
w:P,'andalu51ca propagula.if," RS o ’ - "

Occasronally, specrmens of P annOtlna have only one

to a few large, (é,g 350 um - long), bulblform propagula

(flg 54; 23 26) present 1n scattered leaf ax1ls ee.i‘
. . '.5\‘_) . )
L under.P _annotkna for a d1scuss1on of these forms They g

7

may appear 51mllar to plants of P _fllum but can be dls—‘

tlngulshed by the follow1ng pornts lf.The[plantS'have.

K

'v-trhs b‘- p;fpl]f!yfpg’fj;$:&<;”-.(
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nly

spreading to‘wide4spreading leaves which :lack anyﬁcon—‘.

:spiCUOus sheen when dry. 2).The perigonial plants, when';

4

‘present Kthey‘are not rare), have perlgonlal bracts with
a long, and narrowly attenuate acumen, 3) The propagula
are dlstlnctly translucent and - the leaf prlmordla are
,dgradually dlfferentlated from the bulblform body (e g.

Y

fig. 54£ 26) and thls is made conspicuous by the-51m11ar—

-

'1ty in color and translucent quallty of both body and

prlmordla 4) %&@ propagula are usuallv present in several

rhvleaf ax1ls down the ‘Stem, - and are gradually large toward

0

the qround. The propagula of P‘ £ilum attaiﬁ their "mature"
size rapldly when only a few leaves below the apex of
v

©the shoot (flg 3 : 7) and do not dlsplay thrs gradualv
A" .
" increase 1n s1ze toward the base Those forms of P 'annotlna

'_W1th very large, bulblform propagula ‘have only been observed
. f\ LY
in European speC1mens and are rare: or: absent 1n North '

14

Amerlca (See under P. ‘annotlna).
'e.3; éohldafandaiuﬁica fHohneif‘Broth. in“Engrer Q)Pranti;jNat,.,
;Pfi:jl<3*?*55i; 1903. ”;d' el e
‘?A;Webera andeiue;ca Héhnel , SitiftAk; Wiss} WienfMeth7'Natd.
4 . :
5K1 Abt . ';04}'326~-1895 Type h".{;?am 28 September 1892
1n crrca‘28u0 M hohe an feuchben Orten sudwestllch vom '

wplcacho de Veletivln der Slerra Nevada ;.._leg;;& det.t

”*Hohnel" (Lectotype. FH Schlffner_f);

.



=

wschutthalden der Alten Kupferbergwerke bei Marsberg in

' Webera énnotina var. .glanéola Ruthe»& Grebe'in.Grebe,

!

Hedwidia 40 (Beibl.): 109. 1901. ... auf den Stein-

!

 Westfalen ... bereits 1893 (1) ... Juni 1897 (1) und 1898

Y(Lectotype: KASSEL Grebe 1).

ol

Webera'glareola (Ruthe & Grebe in Grebe)» Limpf} in

”Limpr & lepr f., Laubm Deutsch "3 726.‘1902”

L p Ohlla glareola (Ruthe & Grebe In Grebef Brofh.‘ih Engler -

& Prantl Nat, PELY 1(3):‘550. 1903, Ty
. : ’ Q -

.;Pohlla annotlna var. glarebla‘(Rdthe & Grebe ianrebe)‘

‘ ) _ _ : :
Warnst. Krypt Fli Brandenburg 2: 429. 1904. o o
"Pohlia rothii var.vcompacté Ruthe & Loeske im\Loeske,

s Verh. Bot. VeerBrandenbur§"46é 162. 1905. Type:

ia-& b (Lectotype B- Warnst )ivig}f
Pohlla grandlflora var glareoia:(Rdthéa& Grebe\ih.Grébé)
- : : L P . » . . \ ) S

'podp-,,Consp. 340. 1954,

"vom, ‘ R

Haréburg ... auf . der stecke blquorfhaus cei und Konlgskrug

b}

.:,“.(Lectotype B~ Loeske ).

A
< {

Pohlia hercynlca Warnst.‘lﬁ*Bauer, Oest Bot'. Zeit. 63:jt~J

'106;»1913 Type Bauer Musc1 Eur Exs."ér.fl9..No.ﬁ9Q7iji o

A

4

2 : 52’\f'»""'f "g e &

fpohlla camptotrachelaévar glereola‘(Ruthe & Grebe in Grebe)

Widk 5 Marg " Taxon 14:‘197;_1965;J

7Plants generally formlng small pure populatlons, sometlmes R

,*,i.‘ ;
in exten51ve turfs or occa51onally 1nterm1xed w1th other PR p

2 : , ot

mosses, lax forms w1th a dlstlnct gloss, often more dull : _' B ;”



compact forms,‘subentire'to + strongly toothed in the
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[

when S all and. compact sometlmes appearing §- ranked with

the leaves strongly carinate; stems 24&5 (30) mm. hlgh

green above, often + red or sometimes black below, 31mple

or sometlmes once 1nnovat1ng near the base when sterile,

51mple or often 1nn?vat1ng below the perlgonla (or occa51on-

; ally the perlchaetla) when fertlle,,leaves erect. to +

spreadlng when dry, spreadlng to + erect whén moist,

._(0.50)—0.70 0.90-(1.10) mm. long, 0.20-0. 40 (0. 50) mm.

’w1de, narrowly to. broadly Tanceolate, abruptly to +
‘gradually acute, shortbKSand narrowly d@current by 1-3
rectangular~rhomb1c‘cell ’ sometimes”nondecurrent on

'upper 1/2-1/3; costa ending'l+3 cells below the apex,

[

.green'in young leaves, often.black'or rarely reduin older

151m11ar to the medlan, asexual propagula numerous to few

leaves; upper cells llnear rhomblc tovllnear rectangular N

often vermlcular, (35) 40 80 (105) 'long,,6 9-(11) um”
‘ o ' A7 \
w1de, rectangular near the base (3f6:»1); marglnal cells

<

T .0

in the upper leaf ax1ls of sterlle shoots, often clustered
o .
&Qn a few scattered 1eaf aX1ls and scarce 'in ‘the others,

o

fewer but often present on fertlle shoots, narrowly to

: broadly obconlc when young (flg 40}'8), f' oblong obovate

_'when older (flg 40: 12- 14), typlcally 3oo soo um long,

3

but often only clusters of young propagula (( 0) 150 300 um

1ong) or Slngle blder propagula (400 650 um’ long) present, “

fw1th 3~ 5 (8) lanceolate, lamlnal Aeaf prlmordla present at ’

¢

RN

i



'151nuose walls, espe01 ll when dry,‘less so when m01st

the prlmordla arlslng a laminal appendages and hever as

‘those of the vegetative leaves, llnear rectangular to

,long, short - to +’elongate pyrlform w1éh a well developed

':Lsodlametrlc, 23 50/3

| gradually to + abruptly maller and 1ess 51nuose near thed;“

"y 205

" the apex or'sometimes lower on large,'bulbiformrpropagula,

-

pegllke outgrowths, green’ when young, brown or more often .

red- -brown when older, opaque, perlgonla bulblform terminal

on unbranched Oor once 1nnovat1ng stems; perigonial braCts
variable 'in length, abruptly acute to + longly acumlnate

from an ovate, concave, + red brown base, usually strongly'

-toothed near the apex, costa endlng 1n ‘the acumen or 1-<3

Cells'below; perlchaetla termqnal on unbranched or. occa51on—

°

'ally once 1nnovat1ng stems; perlchaetlal bracts to ca. 330f

3
mm. long, lanceolate to linear- lanceolate, often red at

the base, costa, strong,'endlng in the apex or shortly be—

fore, medlan cells on average, longer and narrower than SR

o . N

B . \
llnearqfhomblc, ca. 75 115 um. long, 5 6 um w1de, thln

ar / a0
_walled marglns revolute froé\above the base toljust below .

S : SR -
the apex, toothed near the apex DlOlcous; sporophytes-'-
1nfrequent seta l 5 3. O cms long, red to orange red ﬁ.j;\_ DY

-\

jcapsules p051tloned 95°—l70° from the vertlcal l 5- 3. O cm.,

.dneck the neckdoften + shrunken when dry, exothec1al cells

-.longltudlnally elongate and + rectangul I tg 1rregularly

- . . B . -

w1th strongly

long, lS -26..um wrd

Y

¢ \

N mouth stomata numerous in. the\neck phaneropore, (30)— . /’

"«3 ". ‘ %

&

-~



33—3Q;$42)rum long; annuli well developed, of 2-(3) rows
-of cells, remaining attached to.the urn or the operculum,
sometimes.separéting irregularly or rarely + revolvabie;

] opercula convex to conic, épicolate to umbonate; exostomé
teeth 16, yellow to yel;ow—brown above, darker below,
‘lapceolate, + narrowly acute, coarsely papillose in tmé‘
‘ugper 1/3, more finely papillése pelow; endostome: segments

.16,)hyaline; keeled andtbroadly perforate; cilia (0)-1-3

‘between the segments, long, + odulose,lsometimes short;

spores.baculate to olava%e, (14)-16- 21 (24) um; chromosome

number = 11 Wﬁanylklv and Vysotska 1975 - voucher not

seen) .

Nomenclature: During most of the nineteenth century, the

majority of bryologists included this species within their

specific concept of P. annotina, and, -in fact,.Hedwig's
type specimen of Bryum annotlnum includes a few shoots of
P. andalu51ca in mlxturéggiéh the plant known to later

authors as Bryum annotlnum Hedw. It has been claimed by

some (e.g. Buch 1906, " Koch 1951,. Lewis & Smith 1978), that-

when Lindber@ Fi871) publlshed the name Lamprophgllum

annOtlnum, he applled the name exclu51vely to this species.

However, an examlnatlon of all the specimens determined by

206

- Lindberg aS‘Lamprophyllum, Pohlia, Webera OF Bryum annotinum

(H-SOL) proves that he had a composite concept of the

epithet, annotina, applyiné the name to several species,

/

™
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. ‘ .
including those presenﬁiy Known as P. annotina’, P. andalus-
» _ : .
p

ica, P. bulbifera and P\ filum (see section on nomenclatur-

“al history of the group). Congequéntly} Lampfbphyilum

annothgy (Hedw.) Lindb. is considered homotybic with
‘Hedwig'g”Brgum annétinum, for which it is considegedla
new combination in the' genus famprophyli&m.

Hohnel (1895;\BEScribed Webera andalusica from the

&

Siefra Nevada Mountaing of southern Spain, but his speciés
was ignored by bryologists after Brotherus (1903) méde the~
combinétion‘Pohlia andalusica - (Hohnel) Brbth.}in the first
ediﬁion,of Engler & Prantl's Naturlichen Pflanzenfamilien;
Andrews (1935) did not mention thernamevin hiS'revisionnof
Pohlia.in North America. In his protologue of w. andalusica,
Héhnel'éompared'theuspecies to w. commutat;-Schimper and

. car;néta (Brid., Béulay) (sic), saying that it is most

¥ .
similar to the latter species. Hohnel provided an exten-

<

'sive description for w.pandalqsica; and discussngthe
occgrrencé of thip, green, leafless "pseudopodien" 'in the
leaf axils.gf stegilé sh?ots. It is iikely that he was >
referrinq‘gb the prbpégdia which are present in a specimen
thch he determined.(FH—Schiffner !). Loeske annotated the
saﬁe‘specimen in 1909, saying ﬁhat he thought it was a

 “v¢ry‘intere$ting carinate form of p. crudé or P. longigolﬁa,
but compéred the propagula to those of P, rothii (Corr.)

Broth. (sic). Pohlia andalusica'(=‘P. rothii of Loeske)’

rather freqguently forms five-ranked, carinate expressions
N [



wheQ growing in alpine situations, and the type specimen
has propagula‘which agree closely with othef’specimens of

the species. Consequently, although the speCimen is un-

208

B

. 2 ' e
~ usually carinate and five- -ranked, it is;clearlyfconspec1fic

with the plant known to later authors as, P. rothii, and'
is the earliest name I can document for this spec1es
Duringrthe preparation of his treatise on asexual,
reproduction in mosses, Correns (1899) realized that
bryologists had- been uSigg the epithet annotina, for two
distinct species of Pohlia (Correns used Webera‘for the
genus). He thought that in addition to P. annotina sensu
Hedwigq, the name was" also being applied to an as vyet .
undescribed spe01es, and consequently proposed the name
Webera erecta A. Roth ex Correns for this taxon. As was
.noted by Lewis and Smith (1978), Correns' plate (1899
plate 95) 1llustrat1ng W. erecta is very characteristic of
P. filum, a spec1es described in 1876 by Schimper (as
érgum). Lewis and Smith (1978) mentioned that they had
.examined a spe01men labelled Webera erecta bx Correns,
-end it consists of P. fllum and P. proligera in mixture
(as they didAhot distinguish P.4annotina and Ph}proligera,
it is unclear to which presently recognized speCies they-
applied the latter name) . According to Lewis (in litt )
the specimen is 'in the herbarium of K.G. Limpricht (BP),
and there is no speCimen labelled W. erecta by Correns in

his own herbarium in Munich (Hertel in 1litt.). Although I

\

-



have not examined the speciﬁen”labelled W. erecta by
Correns, it is still possible,'on the basis’of.Correns'
illustration (1899 plate 95), to confldently conclude that

.9

his w. erecta is conspec1f1c with p. filum. _
Soon after publlshlng W. _ereota A Rothaex COrrens,

Correns realized that the' name was predated by w. vereeta

(Limpr.) Lind (1892). Correns therefore prOposedijin
ALimprlcht“ﬁ’i\jL/ji;pricht £. 19’02) a nomen novim, W rot_hii,r |
to replacevw. erecta A;.RothuexiCorrens. AccOrding;too
afticle 7 (ICBN), as a nomen nevum, W. rothll is homotyplc
with the nanf it replaces, ererecta A Roth ex‘Correns,
and since w. erecta 1is presently considered  to be a tax-
onomic synonym1of-Pohlla filum (= Brgum fllun Schlmper
l876) {6} is W. rothii. For this reason, W. rqthii,ls
considered to be synonymous w1th P’ fllum,,although recent
‘authors have applled the name to that spe01es presently
known as p. andaluslca The nomenclature of p. rOthll and
p. erecta is dlscussed 1n greater detall on- pages

In l90l Grebe publlshed ‘a new varlety, Webera

’annotlna Bruch (sic l) Var glareola Ruthe & Grebe, whlch
he had cdllected in l893 and agaln in: 1897 and 1898 (Grebe'
1901). The plants were gathered from a rather xeric habltat
on some rock rubble (Stelnschutthalden) around an old'?
copper mine in.. "Westfalen bel Marsberg’"'Accordlng to

Grebe, he was 1mmed1ately struck by the dense, compact

it of the plants which, he Sald - was. unllke any other




|

i
.

-indigenous Pohlia sgecies; After a thoro?gh examination of
. : ‘ ¢ ’ o ‘
the morpholOgical attributes of his new form, howeverﬁ

Grebe concluded that the plants agreed in.all anatomical
features (inClﬁding the production of.aXlllary propagula)
to Webera annotlna and differed only in its habit and
stature. (He suggested therefore, that hls,collectrOns
‘represented a new‘variety of w. Aannotina vRuthe, to whom
Grebe sent spec1mens for his oplnlon, responded that they‘

2
seemed to represent a "gut standorts- Abanderung"vof

" annotina and agreed as to 1ts varletal status. Neltherv
author made any dlstlnctlon in the form of’ the propagula

‘between the var. glareola ‘and typlcal Webera annotina. An

0

examination of several syntypeS‘(lectotype: Kassel Grebe D

reyealed that w..annotinafvar.'glareola is a~species
'distinct from‘Pohlla,annOtina (Hedw ) Llndb | and corresponds
lto the plant whlch some recent authors have referred to ras
é. rothll:(e g Lew1s & Smlth 1978 Smlth 1978) and: whach
'ls presently known as P, andalu51ca Judglng from specrmens'
.in Grebe S herbarlum (I have examlned 27 spe01menstnamed
VWebera annotlna, glareola, rothll or. hercynlca from hls
collectlon - KASSEL) 1t is ev1dent that Grebe dld Fot

- consrstently distingulsh_P.‘a?nqtina sensu Hedwid from_the
plant pneséntly:knomn“as P.Gandaluleas:exceptkby-its.
bcompact hablt That is, he, and probably most other

bryologlsts of the day, Stlll dld not reallze that two

’ taxa, dlStlngulshable by the morphology of thelr propagula,

\

A

\



. - . .
, were sharing the name Webera annotina. Under the. eolthet

‘glareola, he 1ncluded very compact Xerophytic forms of

-

‘the spec1es, while as w. annotina he classified'very lax
. . P

forms -of the same taxon. For‘intermediate "Standorts— -
Abanderung (habltat modlficatfonstfhe/ﬁpplied the names_'
Webera.rothifvor w.'hercgnica'I‘Apparently,‘ he "true“

‘ ‘Pohlia:ahnotina (Hedw ) Llndb /Wf\\uncommon in the flora
‘W1th»wh1ch Grebe was most famlllar\ Several-spec1mens
,labelled W. annotlna in his herbarlum that actually are

<

P. dnnotlna sensu HedW1g (mlxed w1th more frequent Collec—

a

tions of P andaluslca 1ncorrectly named) 1ndicate that he
:dld not’ conceptually dlstlngUlSh these from slender. forms
of Pl‘andalu51ca wélso 1ncluded as the var. glareola 1n
”’Grebe s herbarlum are several spec1mens representlno h'
.d;compact xeromorphlc forms of other spe01es“ The flrst )
‘Spec1men collected by Grebe 1n l893 seems to be sterlle'gﬁdn
) ; Brgum caespltlclum Hedw judlng by the compact ‘caespltose
"hablt; the weedy collectlon locallty, and the leaves w1th
__excurrentocostae,ffalntly developed unlstratose border,’
.and elongate;<more or less lncrassate upper medlan leaf
gcells (cf. Nyholm 1958) Two other spec1mens labelled
: Lo B Y . . :
lw glareola are xerophytlc modlflcatlons of éohlla nutans
,‘.(Grebe labelled most of hlS spe01mens w “glareolabeven:
#"though the name was eventually pubilshed at the varletal
\'level) On the other hand 9 out of 12 spec1mens labelled

W. glareola by Grebe are P. andalu51ca, and Ruthe and



1;}5, lower leaf ax1ls)

.ureferred to Ruthe and Grebe as authors of the ba51onym

212

t
b P

Grebe s reference to ax1llary propagula in the protologue

-of w: annotlna var. glareola makes 1t clear that they dld

not intend the epithet for elther‘Bryum-caesp1t1c1um or.

’ Pohlia-nutaﬁs.'For this reason; I have chosen to lecto-
‘typify the var. glareola w1th one of . Grebe' s 1898 syntypes.

-ThlS speC1men corresponds 1n every respect ‘to p. andaluslca,‘

leprlcht (1902) elevated Ruthe and Grebe s varlety

to: spe01flc status as webera glareola (Ruthe & Grebe in

"Grebe)'Limpr., saylng that the species "mit g:arilis“

nachverwandt", (p. 726). He described Webera’glaréola as
N !

. Y o
hav1ng propagula 51ngle in- the leaf ax1ls, an observatlon
~wh1ch lS 1ncorrect srnce they 1nvar1ably arlse in clusters

‘in the ax1ls of leaves in: thlS spec1es (flq S 5) Only

) ',Q

on’ shoots ln whlch most propagula have fallen from bhe :

A

hbstem a;e they found 51ngly 1n the leaf ax1ls (e g} flg 5:'

N

Brotherus (1903) made the comblnatlon Pohlla glareola ;3

/"

(Ruthe & Grebe 1n Grebe) Broth., but the publlcatlon 1nclud—}”"

*

- ed an orthographlc error such that the name was spelled as_

P! glaveola When maklng hlS new comblnatlon, Brotherus

/_ .

and c1ted the type locallty (Marsberg), so there need be o

‘no confu51on as to the plant for Wthh the name was ',';~/*Tv

: 1ntended;[

L yaf, Warnstorf (ln Bauer 1913) descrlbed p. hercynlca

based on Bauer S Musc1 Europeal ex51ccat1 no. 907 (not;no.



o

: 906 as cited in Index Muscorum).lThe name was published

tin'spite of Loeske's opiniOnhthatbthe plantﬂrepresented'_

3

"ein- luxurlent Wasserform of P. rothii (=.P,‘andalusiéa)f

k'I lnterpret the plant as a phenotyplc modlflcatlon of

L

of this Species;_-

Distribution: - (Figure 3’8)‘.‘.

P. anda1u51ca and have consequently glven it no formal

4 .
"&v.

_nomenclatural recognltlon

In v1ew of “the hlstorlcal confu51on surroundlng the

fortunate that the earller name, p. andalusica (Hohnel)
Broth. has come £o lightd Hopefully.thisgcompletely

‘separate name will lead to a more consistent understanding

n 't e mountains7of western'd

o~

gNorth»Americaf R} andalu51ca 1s known from scattered
.t:localltles in the Rocky Mountalns from Colorado,(Gllpln
1tcor) in the south through Alberta to the Yukon Terrltory
"fand the Brooks Range of Alaska 1n the north It is also

lknown from a few localltles ln the Cascade and Olymplc

v»Mountalns of Washlngton, but has not yet been collected

further south ln the Slerra Nevada range of Callfornla

AR

.YPOhlla andalu31ca lS also known from Great Bear Lake,t;'

,i_Vorthwest Terrltorles._In eastern North Amerlca’_p;g”

andalu51ca is apparently common 1n the Adlrondack Moun%alns

'of New York and extends south to Long Island Vew York

Y

213

names, Webera erecta and Webera (oxr” Pohlla)grothll) it seems

. -and Monroe Co Pennsylvanla It occurs occa51onally ‘in the
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maritime provinces of Canada ‘and is seemlngly dlS]UnCt
-on, Baffin’ Island in the eastern arctlc Non North Amerlcan
- spe01mens have{been examlned from Austrla, Czechoslovakla,

Y, Greenland Netherlands, Norway, Poland
. )

vFlnland Germa
Spaln and Sweden, and Lew1s and Smlth (l978).reported

thlS spe01es from Denmark

Selected Soeolmens Examlned »5ExsicoatilfBaner,'Mnsci}Eur;
s. 321 as P.,rothi1<(F BH COLO) QOldadaS_P.:herognida
f(w:u, cono, H),‘907 b,as:p. ﬁe:cgnlca (H ALTA), 912 asvivu
p. rothii (WTU, F. COLO), 1099 b as ». rothii (WIU, F,
'Coio):'Breutel.‘Flora Germ Exs '286 as 'B. 4annot1num (Bé);
‘Brotherus, Bryotheca Fennlca 74 as P annotlna (F), 4093
fas~W;-annot1na (COLO ‘Mougeot, Nestler, & Sch1mper,°rf;iﬁ'
VStlrpes.Cryptog' Vogeso Rhenanae 928 as B ‘annotlngmzﬁ
i(COLO) Pllous, Musc1 Czechosl Exs 708 as pP. aﬁﬁapin;,f
":(Fﬁ‘US) 1082 as p. annotlnaf( US), 82 as. p. ‘aahatiﬁg,;;”
ij(éAS)' Rabenhorst, Bryoth .Eur 968 as. ‘B. annotinume(gP)?Lb
vCanada Alberta Jasper Nat Pg, Mallgne Lake area,‘banks '

evof Bald Mountaln Trall Shaw 2840 (ALTA) Brltlsh Columbla

'Revelstoke area, summlt of Mt Revelstoke, subalplneJLA"

b'”meadows/:shaW*ésll (ALTA) Glac1er Natlonal Park top of,_d:iV“

","Avalanche Crest Trall Shaw 2157 (ALTA) Labraddr;v Head._ga

5r:of Kangalak51orv1k Flord 59 21-23 N, 64°00 "W, Webeffl5l§Cvl;.f

. 'AQ(NFLD) Tw1n Falls area, Soott(Talls, 53 30 N 64 32 W »%-"

:>,ﬁrassardl5397 (NFLD), New Brunswick: Glouster Co. 5 mi.

[



‘;Fs New Hampshlre Wllley House, Crawford Notch smithfnv
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(=1 mi.b_ 1. 6 km ) W’ of Shell., Ireland 14288 kCANM).
Vlctorla Cq, lO mi. /S of" L\Illcta& ITreland 12852 (CANM) .
NKlngs Co. 3_m1 SE of Summerv1lle, Ireland 13911 (CANM)
,Newfoundland- \Along Roblnson Rlver, ca. 8 mi E of
"Transcanada Hwy , 48°12 N 58°37 w,.Weber 2585J(NFLD).V
,Cataracts Prov .P;, 7 km.&WNW»of Colinet}oBfassard 112?
.(NFLD) Northwest Terrltorles G%éat‘Béar'Lake,:NE'tip

- : »3\

of. Hornby Bay,:" Steere 10498C (NY) Baffln Island Perry
Bay, Meta Incognlta Penlnsula, 61°58" V 66°30 W Fife 1120 |
C(NFLD);CNova Scotla:,'Shelbourne Co.,‘3 N of‘ |
.‘Upper Clyde R. 43654?N 65 28 W, Ireland 123;3,(CANM). ,
’hPrlrce c'd,vard Island Prlnce CO ,-S-mfﬂ'ﬁ"of éiohmondd5
, Ireland 10318 (CANM) QUeenS'Coj-‘Z ni. S of Melv1lle,
& 45°59 N 62°50 W Ireland 13838 (CANM) Klngs Co r 3 ml
‘1VE Of Summerv1lle, 46 14 N 62°44‘W.vIrelanH l39ll’(CANM)
'Qgebec Terrebonne Co , S Of: Lac Merc1er, Crum 9956 (MICH)
CU}S?AA, Alaska: Endlcott Mtns ‘i SE end of Chandler Lake, d"’
"ﬁ'SEeege‘jéj99 (NY) Colorado ;aSi W Of Ward Hermann o
'1;vlfsq3dlDUKEl Gllpln Co 4 SE: slope of James Peak, Weber :
rllgéézléotd)'.Massachusetts :Mri Greylock area, Andrews,
fl§O3 (BH) Merrlmac, Huntlngton, 1901 (MIN) Montana; .fo,n;;‘v

T‘

. Llncoln Co Lelgh Cr at Snowshoe Mlne, G111 95 (CANM),“

T Mlller 35683 (NYS)i New York Essex Co Wllmlngton

,Notch Smlth & Mlller 33630 (FH) Franklln -Co. 1 4 ml wsw

VOf Franklln Falls, Smlth & Mlller 35590 (NXS)
_ BEE SR o
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"-Pennsglvania: Monroe Co., Johnson, ‘1952' (WTU) Utah‘:
7~puchesne—Summit Co. border, near error Lake, Flowers 2086ﬁ
(CANM) . ‘Duchesne Co., Ottoson Basin, Flowers 9654 (COLO).
‘Washington: Clallam. Co , Olymplc Nat. 128 , Obstruction -
Peak'area,’Shawf2156.(ALTA). PiercebCo.,’Mt.'Rainier'are%,
Paradise Poink, shaw’é398;lALTAl. ngaiag: TetonvCot,

Grand. Teton Nat.:Ps, 7 km. W'of'Teton‘éark Rd. On Signal

éMtn. Sumnit Rdf vshaw?2704 (ALTA)»YYellowstone Natlonal Park ?
| banks of Crawflsh Lake Trall at Moose Falls, Shaw 2710 - |
‘ 2713 (ALTA)

When well developed—*r p, andalu51ca is characterlzed

by 1ts 1), clustered- obconlc to oblong obovate,‘gneen»to‘
‘red- brown, mostly opaque propagula havrng consplcuous,
ovate lanceobate to lanceolate, lamlnal leaf prlmordla
-and 2) leaves w1th a dlStlnCt sheen when dpy ThlS spec1es
»has been varlously confused w1th P. drummondilw;P; fllnm )
h:and P annotlna 1n the past and Correns (l899) consideredj_

v
R andalusrca to fall w1th1n hlS concept of P ,drummondiifg

(see pages 99 lOO) Nyholm (l958) llkew1se 1nterpretedv
h'ltf(as p rothll) as a small lowland form,of p drummondll
‘1iwh11e propagula of these two Spe01es can be extremely

p51mllar at tlmes,‘p andalu51ca dlffers from P. drummondll

'fbln the followrng features l) propagula %rlslng 1n clusters,
:'usuallyfobconlc and?gradually narrowed to the base, greenvd'}': ﬁ
l‘when young, red brown when older,,but rarely cherry red as

R 0 ’ . .
in PA drummondll .2) plants more slender,.leaves more t nb-(i\:~/f

T
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erect, less strongly carlnate when dry and 3) stems paler

‘1n plgmentatlon, lacklng the red coloratlon characterlstlc
v

of é: drummondll Although-propagula of P. andalu51ca and

P. drummondii can be very 51mllar at certaln stages of -
thelr ‘ontogeny, they reach those stages v1a~d1fferent'
developmental pathways Shoots of p. drummondll typlcally

produce SLngle prOpagula 1n 2~ 5 leaf ax1ls scattered along

: the stem Young propagula dl sected from the uppermost .q ’

leaf ax1ls are. pale, hardly longer ‘than w1de and already,
.Agbave well developed lamlnal leaf prlmordla (e. 9g. fig. 34:b‘3

vy
They look just llke very young branch buds, except

o

j{at they are abruptly narrowed to the base where they Vlt_
fare attached to the stem and are dec1duous Shoots of

gpr. andalu51ca typlcblly produce clusters of propagula in :f\v)/j‘
- BRI
2= 4—(5) uoper leaf aXllS, w1th few or no propagula produced S

. L N 5

rln the remalnlng ax1ls Because the 1nd1v1dual propagula

'5are much broadenedpgrom the base, and because all the
propagula in a- cluster arlse from a small ”launchlng oad"'l v_"‘- .c?.
'1n the leaf ax1l the clusters often seem’ to- radlate out—b

‘ yard llke a propagullferous explos1on stopped in mldemotlon

’f'(e g. see. flg 5: 55; Each young propagulum of P, andalu51ca;

}1s strongly obconlc,'con51derably longer than w1de,.and‘
::‘has well developed leaf prlmordla whlch arlse as lamlnal» : - é?‘f'

appendages (flg 46); In early stages of development '

‘«urlng Wthh the propagula of P, .anda1u51Ca'are clearly

?conlc and clustered there need be no confu51on between

N ] .
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”'never'examlned such expre351ons ln~P.’drummondri. Most

this species and ». drummondii. However, as shoots of
- _ |

p. andalusicarbecomefolder (e g. later 'in the same, season);

many of the propagula gradually falI”free Sometlmes only

a 31ngle prOpagulum is left on the stem, ‘and 1t may be

large (ca. 500 um,long) and oblong (e.g. fig. 40:.12—l4)‘

rather than obconic. Suchbshoots may be difficult to dis-

;tinguish from p. drummoddii, but;in no'sense should they

7

: be consrdered 1ntermed1ate forms between the two spec1es

AMy own culture studles, and those of Lewis (l976), show

that plants with clustered propagula reproduce 51m11ar

plants with clustered propagula, as do plants w1th srngle

: propagula reproduce thelr own klnd in culture ThlS klnd

?

~of ontogenetlc convergence in. the form of the- propagula of

P, andalus1ca and P drummondll is qu1te dlstlnct from

'actual 1ntergradatlon between the two spec1es, although it

For that I apologlze' Shoots of ? 'andalu51ca wuth only a-

51ngle propagulum can- be dlstlngulshed by the red brown

the leaf prlmordla whlch are generally more restrlcted to

~the aplcal reglon (e g flg 40), the more nearly erect

less strongly carlna%e leaves and the slender s1ze and e

:paler plgmentatlon of the plants Alplne forms of P.
'andalus1ca (1nclud1ng the type specrmen) sometlmes have V

'leaves arranged evenly flve ranked down the stem I have

&
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'can sometlmes make spec1mens a serlous problem to determlne -

~color and smaller size (mostly< 500 um) of the propagulum, '

\



“in that-theyfocCur in )

vmondfi and p. filum), but tha

important in many cases is that herbarium packets with

P. andalu51ca bparlng 51ngle'propagu1a often have many of

the smaller, obconic propagula which have fallen 1nto the’

debris within the packet. RV | ST

of the specie3°in,which‘propagula arisehln clusters,
e : L : _
P. andalusica 1s unigue in having the clusters in only a
feW‘scatterednleaf\axils rather than being evenly disthi-
buted along the upper half of the stem. ThlS sgec1es is.

clearly very closely related to P. drummondll_whlch also

has'propagUla"fOUnd infjust a few upper leafgaiils,{As

. ! 4 . N
noted above; however, p.

{cf. P. drum-
Lo . : . " ’
arise in clusters.

i

: Of the spec1es w1th d\ustered propagula, only P.

_andalu51ca and P bulblfera have leaf prlmordla whlch

-

'arlse as. lamlnal appendages rather than as pegllke out—?

iy

ca by its typlcally w1de spreadlng, glossy leaves,-and by f

1ts clusters of sphaer01dal to sllghtly oblong or rarely

'_obconlc propagula The arranggment of the prlmordla of

P. bulblfera propagula are unlque, belng concave and form—'

1ng a dome over the apex, thls feature g1v1ng the propagula

219

1growths. POhlla bulblfera is’ dlstln’ulshed from P. ‘andalu51-

'A~the1r sphaer01dal shape (see under that spec1es) Wllczek &



air bubble among the domed primordia and éuggested'that

e

Demaret (1970) and Lewis & Smith (1978) noted that when
freshly wetted, propagula of pP. bulbifera often trap an
this'is a useful criterion on which to distinguish that

species from all others.uUnfortunately, young propagula

‘of p. ahdalusicavsometimes also have trapped air bubbles,

220

so that I find .this feature to be unreliable for consistent-

ly distinguishing P.;ﬁylbifera from P. andalusica. In v
practice, the two are usually readily distinguisheéd by the

v -

shape of:their propagula and on the habit of the plants.
Although the leaf primordia of P. annotina propagula arise
as peglike outgrowths, 6ccasionally on muéh older, bulbi-
form ﬁropagulauthey may become more or less laminal by af
limited number of cell divisions of Ehg.p;gliké‘primordium
(e.g. see fig. 54: 23-26 and the d;scugéion under P. anno-
tina). Suc; propagula can bé superficially similar to those
Jdf p. andalusicaﬂbutddiffer in thgip;strongly tragslﬁcent
aépearancé; and tﬂe primordia aréiééééégthe same (or

similar) color as the propagulum body, consequently appear-

ing less strongly differentiated (visually) from the body.‘

Plants of pP. annotina are quite dull when dry and strongly

contrast with the glossy appearance of P. andalusica.

%
R

14. P. tundrae J. Shaw Spec. Nov. (to be validated in the .

future). Hblotype: Colorado, Larimd Co., -Rocky Mountain

Ngtiohal Park, ca. 5 miles west of Milner Pass on Hwy. 34,

~

P

¢
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40-25'N; 105-42"W, Shaw 2681 (ALTA). (Isotype: Herb. J.
‘Shaw) . |

Plants scattefed singly or more oftén forming aense,
compact mats on alpine soil, occasionailygmore iax and
elongate in protected areas, with a distinct gloss whenv
dry; stems 2-5-(15) mm. high, green above, red or often

+ black below, s;mple:or.sometimeé once innovating at the .
base when sterile, often innovating once or>twice below

the perigonia or perichaetié when fertilg; leaves erect.to
+ spreading when dry, spreading to + erect when moist, o
(0.6)-0.8-1.1-(1.4). mn. long, (0.2)-0.3-0.4-(0.5) mm. wide,
narrowly- to broadly lanceoiate, acute, + decurrent by 2-5
linear-rectangular cells or oftéh nondecurrent on compact
forms; marginsiglane to + reflexed when dry, plane when
moist, subenf@fa to + strongly toothea'in'thé'upper 1/2-1/3
costa ending 2-4 cells below the apex, rarely in the

apex, green on young leaves, oftén becoming'i,biack on

/

older leaves, very rarely red; upper cells rectangular or
: e . :
rhombic to linear-rhombic, sometimes + vermicular, thin-

walled, (45)-55-75-(100) um long, (6)-7-9-(11) um wide, +

rectangular.-to rhombic at the base, 3-6: 1, sometimes +
guadrate at the insertion; marginal cells similar in shape .
to the, median, occasionally slightly. narrower; asexual

propagula numerous in the uppermost leaf axils of sterile

shoots, rarely scarce on compact, alpine forms, absent

fy
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" from fertile plants, arisinéiin clusters in each leat axilj
Anarrowly'ﬁo broadly cylindric, rarely narrowly obconic,
~abruptly to graduaily narrowed to a.multiseriate ééélk‘
(usually remaining attached to the stem), 275-500~(900) um
long, 60-90-(150) um in diameter, 3-5 cells thick or
vbecominé broader and + bulbiform. when old /hyaliﬁe, green,
or + red when young, red to + opaque red-brown when on

and bulbiform, with 3-5-(7) lanceolate to ovate lanceolate,

laminal leaf prlmordla near the apex 05 often lower on

O

~

the propagulum body, appearing consplcuous and often

S
flexuose, arising as elongate, peglike outgrowths, but

rapidly differentiating to form. laminal appendages;

perigonia bulbiform, conspicuous) terminal on short,
i .o . :

simple stems, or the stems innovating once below the

pefigonia; perigonial brects-broadly,ovate, abruptly acute

to + lengly and narrowly acuminate from an ovate, concave,’

%

oi red-brown base, toothed above the shoulders; costa end-

ing 1-3 cells‘below’the apex, in the apex, or .occasionally>

Y

excurrent as.a short mucro; perichaetia’terminal on simple

,stems; rarely the stems innovating once- (twice) below the

perichaetia; perichaetial bracts narrowly,to'broadly’lanceo~

late, to 2.0-(2.5) mm. long, often red at the base; costa

ending in the apex or 1;3.cells below; margins + recurved
. " ' ) ’ .
from above the base to just below the apex, toothed in the

upper 1/3;»medianvpells longer and narréwer than thosefof

the vegetative leaves, to-110 um long, 5-7-(9) um wide,

RN

A
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~thin walled. Dioicous; sporophytes rare; seta 1.0-1.5 cm.

long, orange to’orange—red{ capsule poslrloned 95°-140°

from the vertlcal .short to + elongate—gyriform, with a

+ well developed neck, often + shrunken when dry, exothec1al
cells longltudlnally elongate and + rectangular to irrequ-
larly 1sod1ametr1c, 25-50 um. long, 15-30 um. w1de, with

Y

strongly 51nuose walls,‘especrally when ary, less s0 when '

moist, gradually smaller, thicker walled and less sinupse .

_near the mouth, more regularly isodiametric in the neck,

+ abruptly léngfrectangular just above the seta; stomata
numerous in“thevneck, phaneropore, (27)—30—40—(48) um.

longf'annuli Well'developed, of 2-(3) rows of'cells, re-

‘maining attached to the urn or the opertula, sometimes‘

separating irreqularly, rarely readily'revolvable; operculum

conic and often apiculate, rarely umbonate; exostome teeth

)

~—,

16, yellow to yellow- ~brown above, often darker below,

‘flanceolate, + narrowly acute coarsely paplllose in the

upper 1/3, more flnely paplllose below, endostome segments

16 hyallne, keeled and broadly perforate, crl;a (O)fl—3

7 -

' vbetween the segments, rudlmentary, short, or" sometlmes

elongate and + nodulose, spores bacu%ate, (17) 21-24f%30)

um. . - o

Distrlbution- (fig 41). At present, p!t. tundrae is known

from western North Amerrca, although the spe01es may
\

e’ found in ASla w1th further study of appropriate
\ ‘
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specimens. Anvincomplete survey'of‘the'European herbarium
-materlal of the propagullferous Pohllas has not ylelded

any records for thls species. In Vorth Amerlca, P. tundrae
1s a_frequent.species of alpine tundra in‘the western
cordillera-south.of épe maxlmum‘extent of glaciation, andh
'jéeems to have been hndercollected in the past In the
centraluRockiea, it has been collected from southern . . W
Colorado (San'Juan Co.)‘and sOntherantah.(Garfleld Co.)
northward to Wyoming (Teton and Big‘Horn Com)‘and Idaho

{ lCUster Coh) In ‘the Slerra Nevada Mountalns 1t has been_
Vcollected from Callfornla (Tulare and Inyo co. ) in the
-south, and probably occurs along the full length of that
'range. It 1s also known from Oregon (Mt. Hood) and Washlng-'
ton (Mt Ralnler) In addltlon, there are several dlSjunCt
A“localltles presently known for thlS spec1es; two -in north—'
.ernmost Brltlsh Columbla, and,two ln,SOuthernbAlaska.z
ll,Selected Spe%imene'Ekamined: CAﬁADA’ Brltisb'Coinmbiadct.
lele 84 Halnes nghway, alplne meadow;-C}un and SChaffeI&c

9157'(CANM) Atlln area, ca. 16 km NE of Surprlse Lake

< e,

N

“on rd. ,to; ‘Mt .~ vBarha‘n, Shaw 3293 (AL_’I‘A)_ U'va._A“‘." Alaska: 4_, S
‘Kenai Peninsula)’lfhi. (lbml. = l.6;kﬁ.) S of Nlnilchik;
Deep_Creekywayslde,iVitthl844l (ALTA)._Cantwell‘area; 32.km,:.
,'N_of CantWellxon:Hwy;13; Shaw 3853 (ALTA). Californiag -
;Hightsie;ras) Koch'l383 (BH); Frenso ¢o;, jct.'Nllgard'

Branch with Bear]Cr,L,Raven,”l954_(CANMlLiTulare Co.,



'fT24416 (COLO)‘ Gllpln CO 20 km w of RolllnsVllle on'

| r);Corona Pass Rd y Shaw 2605 (ALTA) 5 km E Of Corona Passr‘é('

Primrose Lake;dﬂowe114f1949 (CAS) Bakeoven Meadows,i‘:' a
-‘ﬂﬁéweiﬁ 195O§(CAS).AInyode- W of Army Pass, Koch H 1382

(MICH) . toiorado' ‘Pitkin Co ‘17, SE of’ Aspen,_lO 800
Aft‘ Hermann 24458a (COLO) Aspen area,'shaw 2553 (ALTA)

fChaffee cO;g 16 mi. w of - Nathrop,_above.st Elmo, 10 ooo ft

a,

“Hermann 24491 (COLO) Clear Creek ca;, 6 ml sw of Sllver

Plume, Steven s Gulch 12 000 ft , Hermann 24491 (COLO)

]

ff{Loch Lomond Weber, Koponen & Nelsan l972f(COLO) Larlmer
9 1/2 ml SW of Rustlc, 9600 ft i Hermann 26656 (COLO)
' 'Rockv Mountaln Nat 'P;;IS m; W of Mllner Pass ‘on Hwy' 34?_;?ﬁ o
rﬂfShaw gsg; (ALTA); Grand Co 8 mi: NE of Wlnter Park SR
nermanna25056 (COLO) Boulder Co { leot Rldge) ll OOO ft v
fWeber & Nelson 1972 (COLO) 2 1/2 ml' WNW of Allenspark E

l

‘;Hermann 25552 San Juan Co 6 ml N of Sllverton, Hermann~;"‘N“

o AR

'Shaw 2629 (ALTA) Near trall head to ArapahOe Pass,,shaw

4'2652 (ALTA) Idaho 801se Nat For near Sulfur Spr1ngs,,V5

:,ﬁMacFadden ép2281(BHO, Salmon Nat For i Glbbon“fllle area,_e5$

”,Snaw 2718 (ALTA) -Montana Belt Mountalns, R S wllllamS>35>
’ WIS); Nevada Washoe Co Mfr Rose, Lawton 3071 kﬂr )

AR , L el -
(WTU)'7,Oregon Clackamas Co Mt. Hood are ‘Saehalle dalas

: Falls, Shaw 2532 (ALTA) Unlo'n*Co 20 ml SE o)f Unlon,

'v'5000 ft '.Hermann 18873 CANM) ?‘Utah Duchesne cO.,:
’fJUlntah Mtns near error Lake, Flowers 7393 (COLO)y Ulntah

o

A;QMtns,, Ottoson B§51n, Flowers 9667 (COLO) Garfleld Co.,'



o Yellowstone Nat. P "'Norrls Geyser Basln, T.C. Frye,l925

esheen when dry, and 3) 1ts large ()ca 300 um long),

L 226

Aquarlus Plateau, 11, 000 ft Flowers 7314 (COLOX;gSummit.

@

Co;, Urntah Mtns Bald Mtn ‘ Flowers 2101 (COLO). Henry ]

"¢

' Fork, Flowers 1329 (COLO) . Juap CO , Deep Creek Mtns, (,,

o ‘ p 3 | , v
Thomas Tr., L&ndsay 5858 (COLO). Washington: Plerce Co., : \'!
Mt.'Rainier.area, Paradlse P01nt Shaw. 2421,(ALTA): Wyomlng;

" (WTU) . Teton Co., 7 km. W of Teton Park Rd,'on Signalthn.
"Summit Rd,,(shaw 2709'(ALTA) Banks of Bradley Lake, Shaw.;'
| 270l (ALTA). 23 mi. E of Moran, Hermann 25542/(US : Johnson_r

- Co., Bighorn Nat.,For., Weber Kunkel & Munger 1974 (COLO),”

Pohlla tundrae 1is charactf_lzed by 1) 1ts compact

growth form w1th short stems,.2) leaves wrth a dlStlnCt

\\ I3

chllndrlc to gradually and narrowly Obconlc propagula w1th
Islconsplcuous, lamlnal leaf prlmordla POhlla tundrae is. a
(3tharacterlstlc moss of me51c alplnevtundra 1n western ;
:i{Unlted States, and usuadly forms short :compact turfs jj;vfii

,ﬁW1th stems no more than 2 4 mllllmeters hlgh When grow1ng

7lf1n shaded subalplne habltats,,the stems may be more lax_jf;hh
kzand elongate, but such occurrences are qulte 1nfrequent
-_,The leaves con51stently have a strbng sheen when dry,_'f

’Jalthough when the plants are very short ang compact, thlS

C

feature 1s not so apparent as when the stems are elongate

I have not encountered plants w1th dlstlnctly flVe ranked
’carlnate leaves, as sometlmes occurs in alplne populatlons -

_Of P. andalu51ca and P. filum. The leaves of alplne

% RO L



JP. tundrae populatlons tend to have the costa not formlng
a strong keel and are typlcally erect to erect spreadlng
1n a tufted rosette

The propagula of'P btundrae are strlklngly long and
cyllndrical and extend well beyond the erect leaves of
ii,tufted plants Occurrlng 1n dense ax1llary clusters,_they
glve the plants a bushy appearanCe 1n the fleld under a’

.hand lens, and are rarely few or absent When well develop—

227,

;ed the propagula average greater than 300 um long, and are,'

-

v‘stralght ‘not at atl vermlcular, often up to 85 (lOO) um:

k)

in dlameter Plants grow1ng 1n shaded 51tuatlons tend to

’”_have narrower propagula,‘and these may be somewhat flexuosej

-g‘when dry between the spreadlng leaves of Such lax forms
"In color the propagula are rather unlform, often whltlSh

"or hyallne on lax plants, but more typlcally red brown on.

e

~;d]compact alplne plants When young, they are green, but

rapldly take on a more reddlsh hue at an early stage of

development The leaf prlmordla arlse as elongate, pegllke - n/:h‘
'»fuoutgrowths, but very soon after thelr 1n1t1atlon they:

b~,become 2-4 cells w1de at the base»(flg IT and shortly

t;thereafter truly lamlnal 1n form (flg 11 3 43 3’ 4>; R

:fTOn propagula large enough to be v1s1ble among the upper

_ leaves, the leaf prlmordla are CODSplCUOusly lanceolate—

- ;lamlnal QUlte flexuose (flg 43 ;52 6), and may occur well

down on the propagulum body as well as at the apex'(flg._43i

_v}\\
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_Pohlia tundrae often grows]intermixed,with P. drummon-

dii 1n alplne tundra habltats, and the two speC1es can be'

fdlfflcult to dlStlngulSh in- such 51tuatlons in the absence

of propagula Fortunately, although propagula may be

: -
scarce on p. drummondll stems grOWlng above treellne, they

are usually present and consplcuous on P. tundrae. It is

'not uncommon to flnd a turf of compact Pohllas,_some stems

;‘.hav1ng clustezéd propaé:;;l but completely 1nterm1xed w1th n
g

plants apparently lacklng propagula

- most cases, the propagulrferous plants are P. tundrae,_and‘L

'the plants w1th only scarce propagula are. P drummondii.

‘,;In such alplne 51tuatlons, _ drummondll is often found
‘w1th sporophytes, whlle sexual reproductlon 1n P 'tundrae"

‘1s less frequent QccaSLOnally, p. drummondll plants are

~.

' ;;encountered w1th unusually narrow propagula, and these can_
L}be srmllar to forms of P tundrae w1th atyplcally larqe, f!
.thulblform propagula (e q flg 43 /10), Th P fftundrae,--h

Jh-the propagula occur 1n clusters 1n the leaf‘ax11s,‘and -"

liusually have less of a red plgmentatlon than propagula of

<

’ij;vdrummondllf On those rare occa51ons when spec1mens ‘of
‘fP[ tundrae completely lack propagula, the plants may be
’1nd1st1ngulshable from P drummondll However, theytwof
;spec1es usually dlffer subtly in plqmentatlon :*hebstemsi:yf
,{and sometlmes the lower leaves of P. tundrae ‘are often

'black when old ,as opposed to. the characterlstlc red

\l

'fplgmentatlon of P. drummondll. Unfortunately however,-“

A
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‘well beyond the leavg% The propagula of P. prollgera are -

_they are stlll at least 3 -4 cells broad at: the base

- morphology of thelr propaf

'separate them, plant by plan
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>

' alpine populations of p. drummondll may be paler in plg-

mentation (e. g plnk stems) than lowland populatlons,of the
same speC1es
When grow1ng below treellngoln more shaded s1tuatlons,

P.»tundrae may approach pP. prollgera in morphology Such

'plants are often very glossy, and have clusters of long,

‘narrow propagula whlch superf1c1ally resemble those of

._prollgera When m01st the propagula of such lax P.

tundrae plants are longer, not vermlcular' and dlverge

wralmost at rlght angles from the stem such that they extend

4cons1derably shorter,?strongly vermlcular, and form a.

N

'_Vdense, tomentum llke mass hldden by the more: erect to

;o

':erect spreadlng leaves Furthermore, the propagula of

vprOllgera have only one or two pegllke, aplcal leaf

Qprlmordla, whlle those of P, tundrae have consplcuous,’
fj:lanceolate lamlnal prlmordla often not restrlcted to the
N prOpagulum apex Very narrow propagula of lax P tundrae

»-plants may have less well developed leaf prlmordla,,but

(flg /43 ). When the two spe01es grow 1nterm1xed (whlch

.vlS 1nfrequent) they can seem to present a contlnuum in the * =

a; but 1t is possrble to

,,and_asslgn them“to,one'or
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Pohliahtnndrae has generally been named P. annotina

'var. decipiens in North American herbaria. Flowers_(l973f
'illustrated.P. tundraegin,his mogss flora ovatah‘andfthe_

,‘ ‘ ) »‘ ) . l N ’ : . »‘ B . ’ . ) ‘ E3

west, and his specimens (COLO) are-almost all pP. tundrae. -

Pohlia~anh0tina has not:been collected in the Rocky

Mountalns ‘south of Canada, and all reports of p. -annotina‘f;s
var deolplens from the mountalns of Utah and- Colorado are'
feferrable to P.-tundrae (reports of P. annotlna yar,or |
bannotlna are mostly P, camptotrachela).vPohlfaAannotlna,f
hﬂéémay be dlstlngulshed ffom P. tnndrae—byhlts dull léavif,
iand slender habit. Its propagula, ‘when narrowly elongate,
‘fapproach those of P tundraefln 51ze and shape,abut have.

>

pegltii leaf prlmordla whlch are always restrlcted to the

:reglon See flgure 44 for a quantltatlve comparlson.u]- _ é
!’ - \i. N ;

of these two specres The habltats of these two,spec1es

apical
”»f;are entlrely dlfferent see pbges ]36 337) and they are

-fqulte unllkely to be found co- ex1st1ng 1n the same habltat
- Thelr geographlc ranges scarcely overlap, and thlS can be

-usefdgtln determlnlng speCLmens thought to be one of the

two

.'5? POhlla bulblfera (WarnStg)jWarnstf KrVot;VFl;lBrandenburg;
429 1904 T

ey e

Webera annotlna Var angustlfolla Schlmper, Syn “d§v2{ 4Ql;h

’54,1876~ Type”"Uleabo g, leg W‘ Nylander (type not seen)

7
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/

. annotina var. tendifolia,Schimper} Syn. ed. 2: 401:
Type: "Italiaasuperioré usque in Lapponian" (type

o SN

1

t seen).
fohlia annotina var. ,tenuifolia (Schimper). Braithw., Brit.

'ﬁoss_Fi 2:\152. 1892. R L
abera bulblfera Warnst ;aot. Ceattalbl.‘6§:.23b, 1896.f'
P“‘ Westpreussen ‘?f bei Marienfelde .;L:vbﬁ4Gruttér
*deckt " Neotype "Sampleino 164 - bank of River Flllan,

Cr anlarlch W Perth October 1967 leg‘~K Lew1s (NMW 1) .

'1_Brr’m pseudo carneum Klndb ; Ottawa Naturallst 14 88‘
"Sable Island Canada Leq,'Macounv (Lectotypé:"
:.f,} Isotypes US, BH~'}‘f-3f”a T ’ '

‘;;Vebera tenulfolla (Schlmper) Bryhn, Nyt Magw.Nateri&} 40:
= mr34 1902 om. 1lleg

P T [ ' : ' R
' :”‘fwebera serrlfolla Bryhn, Rev Bryol 29;}1 1902 o

:(based On Webera tenu1folla (Schlmper) Bryhn).'
Ly ! . . '

Webera pseudo carnea (Klndb ) Macoun,.Cat Canad Pl:;7?

246; 1902 f[f77 :;~}"'
j»Pohlla serrlfolla (Bryhn) B;ch:fihthQ¥éf &QPrAntl;:Nat,“u.

inl . (3)gf552 1903

'iPohl;a.pSéadofcarnea (Klndb ) Broth.“iA;Englerﬂ& Pf&ntL}{NatL
PE1l. 1(3): 551, 1903 | B EERN G

‘Pohlla tenu1folla (Schlmper) Moell;,*Bdt:'thisa.1907;1143;V
| B A SRRt : c : a“Vi ‘
o  Poh%ia ahhbti@a'Vér .angustlfolla (Schlmper) Podp Cas.y

11907

© Moravsk: Mus. {zemsk, Brno 13 236 1913
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',mrdleaf andlsometlmes to.the-baSe‘ costa endlng l 4 cellsv
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Webera  annotina var. bulbifera (Warnst.) Dix;,-Stud;_Handb.,

‘Brit. Mosses ed. 3:f335. 1924.
o . . . ‘ ) A
Plants ofvmediumesize, forming small t fektensiVe

-

turfs, often intermixed with other mosses, with a strong

sheen when dry; stems 5-15-(25) mm.'high,*green to orange E@

7

above, orange t0-+ red. or almost black near the base, - v

51mple or. sometimes once innovatlng near. the base when

sterlle, srmple or often 1nnovat1ng once below the perlgon—'},r

Sla when fertlle; leaves w1de spreadlng to erect spreadlng b

[

and flexuose when dry, w1de spreadlng when m01st (0g6) -~
O 9 l 3—(1 6) ‘. long, 0. 3 O 4 10 7) mm. _w1de, narrowly—
to- broadly lanceolate or ovate lanceolate, acute, mostly
long decurrent by 24 llnear rectangular cells, less de—~".
lcurrent when thehplants are morebcompact marglns plane,_ri

strongly toothed .in the upper l/3 often + toothed to

,0,.

'ﬁgubelow the apex, green 1n young leaves, often red brown toj'ﬁ'

- ular near the base, 3-6: l 'marglnal cells 51mllar to the

black 1n older 1 aves; upper eells rectangular or- rhomblc to:

rhomblc to llne'r—rectangular S llnear rnomblc, rarely

',vermlcular, (45) 60 90 (lOS) um long,llﬁ) 8 ll-(l3) um’ “h y\f'

v

W1de, varlable in 51ze and shape on a, 51ngle leaf rectang—u

medlum except prOJectlng as teeth aSexual propagula usual—Vlo\

' ly abundant 1n the upper leaf aXllS of sterlle shoots,_””

larls;ng»ln clusters-ln each;leaf-axrl, rarely appearlng_,

Y
N >
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single on old'shoots, absent,from,fertilé planks, rather

uniformuin shape,usphaeroidal to .obovate, abruptl , rowed

to a;mdlti—seriate stalk, mostly (156) 300- 400—(520) um.

1n the longest dlmenSLOn, green to yellow or sometlmes

a -

yellow-orange or orange—red opaque or .+ translucent, often

glossy when dry, - w1th 4-5 broadly trlangu;ar, coniizﬁ
laminal leaf prlmordla Wthh form a rounded dome over the ‘vv.'

propagulum apex, the prlmordla ar1s1ng as lamlnal appen— Y

. Q,« :
rdages, never as pegllke outgrowths, w1th bulging cell

walls (flg llr}6);‘per1gon1a bulblform, termlnal on

o unbranched stems or . the stems once 1nnovat1ng from just
: 1 o .

below the perlgonla, perlgonlal bracts abruptl>\§cute to

o7

+ gradually acumlnate from an’ ovate,ﬂconcave, ed brown
Ibase,.marglns + strongly toothed near the apéx, costa

‘_endlng just below the apex or in the apex, perlchaetla

‘ _termlnal on unbrenched or raréﬁy basally 1nnovat1ng stems,7¥
érather 1nconsplodous,‘perlchaetlalﬂbracts to ca,‘2 8 ;%
fblong, lanceolate 5 llnea} lanceofatigfmostly + red at the
"bage;dcostamstrong, flllrng)ihevacumen or- + excurrentvas a
T e v . g
stout”mdero;,median cells on average, somewhat longer thanv
_ g , _

T

‘ those of the vegetatlve leaves, mostly thln—walled to

llS-um long, ometlmes vermlcular, marglns recurved from

- N
above the base to just below the apex, usually strongly

-
n

': toothed near the apex D101cous,'sporophytes 1nfrequent,‘% L
: 7 R
,seta 1.5~ 2. 5 cm long, orange to orange red capsules.' '

T

bp051tloned lOO°—l80° from the vertlcal lOS 2 5 mm long, '_F['
BRI S . S o

3
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6va£gﬁpyfiform,with a well developed neck-which is +
~shrunken when dry, tan or yellow to brénge when mature;
exothecial cells longitudinally élongate anq.ivrectangular
to'irreqularly isodiametric, mostly 30-65 um. long, 20-36
um. wide, with strongly sinuose walls, especially wﬁen dry,
less so when moist, gradually to + abruptly smaller, less
s;nuose and sometimes transversely elongate and rhombic
-near the mouth, more nearly‘isodiametric in the neck, -
gradually‘to + abruptly 1on§er, narréwer, and nonsinuosé
just above the seta; stomata numerous in the neck, phanero-
pore, (35}-45-55;(70) um  long; annuli well developed, of .
2-(3) rows 6f ce115, remaining attached to the urh or the
'opercula, sometimes separating ir;egularly or rarely +
~revolvable; opercula concave t&ﬁqonic and a@iculate~to

- rostellate; exostome teeth 16, yellow above, yellow to

yellow-brown below, 1anéeolate, + narrowly acute, coarsely

4
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papillose or rarelyifaintly striolate on the dorsal 'surface -

in the upper 1/3, more fine1y~pa§;llose below; endostome
segments le, hyaline,tieeled'and‘broadly peerrate;“Ciiia‘
(0)=1-3 bet&een the segﬁéﬁﬁé, long,.i'nqauiosé, sometimes
short; spores baculate td clavate, (17)—22-26;(35) um;
Nomenclature: As‘noted by-Lewis and Smith (1978), when.
Warnstorf (1896) déséribed Webera buib;fara, he éited y
Web?;a aﬁnotina var. tenuifolia Schimperﬁﬁl876) and f

W. annotina var. angustifolia’Schimper (1876) as_ synonyms.
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I have included these varieties in the synonymy of Pp.
bulbifera because of Warnstorf's (1896).comment, although
type specimens«sfor neither taxon could be located in the

British Museum (Harrington in 1itt.).

o RIS et

~ Warnstorf (1896) described ﬁebera bulbifera in con-
nection with his review of Grutter's (1895) Beitrdge zur
Moosflora des Kreises Schwetz, ah_d made .the co‘mbir{étion .
Pohlia bulbifera (Wérnst:) Warnst. in 1904. No épecimgn
labelled: webera (or P.ohlia) bulbifera by tHe h'and of
Warnstorf could be locq}ed{ianerlin (Nowack in 1litt.)

" , .

although a specimen of P. hercynica Warnst. in Bauer (1913)

(= P. andalusica) does exist in B- Warnstorf (Schultze-

Motel in litt.). Correns (1899) reported having examined

a duplicate from thértype locality (Weifse bei Marienfelde,
VII)1895. leg. Grutter) but that specimen apparently could
not be found in Munich. It is likely that Warnstoff dis:
tributed duplicates to other bryologists of his day, and

possibly an isotype will eventually be found (ex herb.

~Grutter?). Althgugh Lewis and Smith (1978) noted that they

had "seen a specimen-collected and presumably named by T

i

_ Warnstorf" (Bauer, Musci eur. exs. no. 310), they chose to

designate,a specimen collegted by Lewis (Sample no. 164,
bank of River Fillan, Crianlargé;,w. Perth. October 1967,
leg. K. Lewis)kas the neotype. I agree with them fhat the
neotype agrees well withyBéuef's ex§iccata specimen, and

in the absence of an isotype, this is presently considered
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the type specimen of P. bulbifera.

I can confirm Andrews' (1935) opinion that the ;ype
specimen of Bryum pseudo-éarmgum Kindp. (1900) falls within
the morphological raﬁge of P. bulbifera (Lectotype: S- |

Kindb.!, Isotype:BH, US !).

Distribution: ‘Pohlia-bulbifera has been collected very
sporadically in the mountains of western North Americé, but
“is much more frequent in nartheastern ﬁnited States and

the adjacent maritime provinces of Canada. In thé west,
COileétions'have been seen ffom Colorado (Boulder Co.),
Alberta (Lesser Slave Lake area), a few localities in
southefn Alaska, and several in the ééﬂfral and southern
vukon Territory. From my own c¢ollecting in the western
cordillera I tﬁink that these quradic collections are
indicative of%P. bulbifera's rarity in the west, fagher
than it's having been undérdoliected'like many other Ndrth
American Pohlias; In the eastern.pdftion of the continent,
'-Ap. bulbifera 1is decidedly'more common than in{the west,
exterding frOm.Néw &érk and Massaéhﬁsetts northward in the
maritime brovinces,gofLabradér;and westward to Wisconsin
and northern Michigan. It is not yet recorded from arctic
\'North America, although éoll;ctions from Greenland and
Iceland indicate ‘that it may still be found in the northern
portigns“bf”Nbrth Americé..Pohlia bulbifera has not been

3

collected quite so far south in eastern United States as



237

P. andalusica; and does not extend nearly so far south as

P. annotina. Non North American specimens have been examlned

T .

from Austria, England, Federal Republlc of Germany, Finland,
Greenland, Iceland,‘Netherlands, New Guineaﬂ NOrway and
Sweden. f_

'Selected Specimens Examined: Exsiccati. North America:
Macoun, Can. Musci 445 a as W. pseudo-carnea (US); Relinquiae

o

- Farlowianaej573 as W. annotina (BH, MiCHv JT~US WIS);
Sull. & Lesq., Musci Bor. Am. (Bd: 1) 180 (MICH - in part).
 Europe: Bauer, Musci Europ. Exs. 310 as P{‘bulbifera (F,
- COLO, BH ;‘in part); 1091 as »p. bdloifera (F,ﬂCOLOl; Broth-
jerus, Bryoth. Fenn; 129 as p. bulbifera (F, US); Hasnot,
Musci‘Galliae 874 as P. annotina (F; BH); Mikutowicz(
Bryoth. Baltica 19 as w. bulbirera (US); 19a as ﬁ bulbifera
(USl. _Canada. oAlberta- Lesser Slave Lakeiarea, Vitt 7309
(ALTA) . Labrador: Tw1n Falls area, Scott Falls, 53 32! N
64°32'W vBrassard 6397 (NFLD). Churchhill Falls.area,r
53°36'N, 59°48'w, Brassard’5512 (NFLD) . Near Three Raplds‘
Camp, 54°52'N, .59° 48'W, Brassard 11381.(NFLD) Esker-
Churchhill Falls Rd. mi. 75 (l mi. - 1.6 km.), 53°41'N,
64°51'W, Brassard 6;29 (NFLD) . .N?W Brunswick: = Charlotte
Co., 2 mi} E. of St. Andrew, Ireland 13319.(CANM). King's
Co., 2 mi. S of_NauwigeWaqky:Irelaha 13453 (CANM) . York
Co., 3 mi;‘Npof LakelGeorge, Ireland 13016 (CANM).

‘Wewfoundland: Head of Dolland Bight, Hare Bay, 47°41'N,
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i

i)

56°34'W, Tuomikoski 1357 (H). Gander, Bonavista North,
48°57"N,l54°38'w, Tuomikoski 26 (H). Cataracte frov. P., ﬁ
7 km; WNW of_Collnet, Brassard lll4 (NFﬁD).(Mou%h of
Bartlettfe'River, Pistolet Bay,%ﬂdﬁe:Bay, Toumikoski
3951 (H). Baie Verte‘?eninaula,e6 km. N of interseotion
Trans Canada Hwy,»& ﬁwy;'4lO,JBrassard;lD997'(NFLD);
Danlel's Harbor,lPalmen 4318 (H), Nova Scotia: Halifax
) Co.,‘3 mi,JN of MuSquodoboit, Ireland 13139a(CANM),rSableu
ISland, Macoun, 1899 (BH), ‘Ontario: 8 mi. S of Dorset,
Miller & snith 1052 (FH)QeBetween Montreal River and . .. =
Soeckled Trout Creek, Sharp, 1962'(MICH). Quebeo: 11 mi.u
s of Pleesisvllle, Crum dxwllliams 10451](MICH); Parc

du Mt. Trémblan;,lyermannvl686l (CANM) . Montaqne Tremblant

3

Nat. P., Lac Monroe, Raymord &‘kucgﬁiak1'1§53d(Bﬁ)' Magdalen
aIslande,dEast;Ieland Rellly 562'(MléH) Iles de- la—ll |
(z/ﬁJ/Madalelne, Ile de 1! Est, Sloover.8l7l (NFLD)»:-Yukon:r

fTerrltorg.- McQuesten area, South Klondlke Syrenlte Ba51n,
l‘Cambell 750‘(CANM) . U S. A Alaska | Ketchlkan area, 9okm.
le of Ketchlkan at Ward Lake campground Shaw»leza'(ALTA);f’

Juneau Quadrangle, 28 mi. WNW of Juneau,'Hermannd22l05“.

(CANM) Klng Salmon, Schofleldf?7éo (ALTA){fKodiakfISland,e;
_,VE of Kodlak Sharp éra"(TﬁNN) Cordova. Quadrangle, at | l .
-Yukutat, Hermann 21746 (US) Kodlak Isl » Trelease. 2222 |

(MO) . 'Colorado:; Boulder CO ' 4 mi, W of Ward, Hermann
.23475(coLO)2 Larimér c03,5R0cky MtnldNat. P,,.Hermann

25749 .(US). Maine: Base of Mt. Katahdin, Andrews, 1950
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hkag)' l4 mi NW of Rangeley,_Mlller 158b (NYS)»IBaxter
jState Park, Mliler 1622 (NYS) Plocataquls Co., l3hl/2 mi.
»Nnof,Milb, Hermannil9161 (UBC) Maasachusettslv_Relin—
,:quiae.Férléwianae?573‘ MagnOlla-lfﬁ)r' Mibhiaan;j;Luee Co.,
ﬁwhitefish;ptj Grlffln 1 (TENﬁ;. Chlppewa Co. _3.ml.bNW of '
Homestead,;erum, l969 (MICH) 4 l mi-. S of Paradlse, Mlller
4015 (MICH) ﬁew Hampshlre Whlte Mtns .Mt.fWaShingtOh,
Mlller 1654 (N&S)‘ Road froﬁ Randolf to Gleanome, Andrews,
l9l8d(BH) WLlley House, Crawford Notch Smlthﬁ&fMiller N
35687 (NYS)--Grafton Co.‘ Grafton, HutchrnsOnb357-(DUkE).
iNew'Ydrk'. Franklln Co ,'6 1/2 mi. E of‘Tuoper'Lake, B
”Hermann 13896 (US); Between Paul Smlths & Clear Lake Jct

j Smlth»37351 (VYS) Essex,Coz -upper slopes-of Mt Whlteface,. h
smitn Rogerson & Dean 49708 (?H) Tom Peck Lake, Smlth I, |

'37472'(NYS) HamlltOn Co Upper Brown Tract Pond Smlth &

- iMlller 36005 (NYS) Buttermllk Falls,_Raquette Lake, Smlth

37142 (NYS) Greene Co South Lake, Yaatersklll Falls,

lmelth 36837 (NYS) : Vermont , Washlngton Co Maple Corners,b
»H01sington, 1976-(MICH) 'Wiseonsln; Portage CO Llnwoqd,-
kFreckmanndl350 (MICH) . : | L |
Pohlla bulblfera ls characterlzed by 1ts l)vleavesi

spreadlng to” w1de spreadlng w1th a strong sheen when dry
and‘2) lts clustered sphaer01dal to obovate propagula }f
‘ddwith‘l3l- —(5) broadly trlangular, lamlnal leaf prlmordla
nwhlch form’ a rounded dome over. the propagulum apexr The L

‘houter;cells of the propagula,runllke‘those of—any,of.the‘
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spec1es, are strongly bulglng (flg ll _6),‘although this
.feature is not consplcuous under a llght mlcroscope The
shape of the propaSula aré qulte unlform, con51stently
xlsodlametrlc to obovate The sphaer01dal shape . 1s the
-result of the unusual arrangement of the leaf prlmordla,;
.Wthh are almost whorled at the propagulum apex The pro-
pagulum body ig actually hemlspherlc, and the."upper" half
1of the sphaer01dal shape con51sts of the over- arched

Q-

'jconcave leaf prlmordla,(flg 47) The propagulum aplcal ;f-

hcell is completely hldden by the leaf prlmordla Theiﬂi

i.prlmordla probably serve (or served 1n the past) to proteCt;

'fthe grow1ng p01nt of the propagulum but aS'was-pointed
frout by Correns (1899), the propagula f_ bulblfera do

b'not grow by lelSlon of the aplcal cell after 1ts earllestl

\

. stages of growth When germlnatlng, p bulblfera propagula_’

“"vproduce rh1201ds from wthh young gametOphores arlse,

rather than elongatlng 1tself by 1ts own aplcal cell (‘f.

vvfllllm,}.?, andalu51ca and P. drummondll) . Qu1te p0581bly,, :

ffthe doomed prlmordla were more 1mportant 1n protectlng the”fw

,idellcate aplcal reglon when thls area was more 1mportant

for growth and germlnatlon of the propagula (‘f._Correns‘g-

- Pohlla bulblfera has been 1nterpreted conslstently
y31nce Warnstorf descrlbed it 'in 1896 Before that tlme, |
pmost bryologlsts must have 1ncluded P. bulblfera.w1th1n.

'w,thelr concept of P-. ~annot1na, 51nce that was the only

AR



" *1_propagula from a- glven spec1men, however, 1t 1s usually

s

N
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- descrlbed spec1es w1th clustered propagula (except for P.
, ‘L‘ “’ .
_prollgera Wthh was descrlbed just a few years before P.

bulblfera). For example,AP; bulblfera 15 not uncommon in.

s, 0. Llndberg -3 herbarlum under the label Lamprophyllum or

Pohlla annotzna On some packets he dlstlngUlShed P.

bulblfera as the var. breVlfOlla (but never publlshed the
L/
\name, to my knowledge) '

1

- Of the SpeC1es w1th propagula arlslng 1n ax1llary
‘*‘clur‘sters, only P tundrae, P‘ andalu51ca and P , bulblfera
’ﬁhave leaf prlmordla that are consprcuously lamlnal All]w
~lthree spec1es are normallv qulte glossy when dry, but

. ;
“Pg-tundrae 1s ea51ly dlstlngulshed by 1ts very long, llnear- .

'icyllndrlc propagula Propagula of P. andalu51ca and P *"’5
bulblfera are mére slmllar to- one another Espec1ally 1n'f
hf3dr1ed herbarlum spe01mens Wthh have been sllghtly flattened
fpthrough the years, prOpagula of P. bulblf;ra may appear
:1to have more or less erect leaf prlmordla llke those of
Jhé; andaluslca For the most part by examlnlng a number of
t beasy to determlne that those of ‘P. bulblfera are normally
fconcave‘and arched over the apex The yellow to yellow—‘"
| Lorange color of P. bulblfera propagula also contrasts w1th
blthe typlcally red brown color of P. andalu51ca propagula
In the rare eVent that propagula of P. bulblfera are |

:yscarce, the W1dely spreadlng leaves glve the plants an

entlrely dlfferent aspect than plants of " P vandalusica:"'f'”“
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with their more or~less erect leaves See also under P.
1alu51ca for a dlscu351on of the dlfferences between

5y . e

these . two species. - W

6; éohliavand:ewsif.d Shaw Spec Nov. (tohbepValldateduinfthei‘
'v_future). Holotype Dawson area, 17 km east of thehAlaSkas‘ft-
Yukon border on Hwy :S{'ca; 64- 12 N; 138 -56" W Shaw 3619v:h -
‘s(ALTA) (Isotypes. Herb J. Shaw, Herb A C Crundwell

v N Q' : . . ,v.' - :«‘ . : K ‘. . f

BH){f'

'-_Nomenolature- Because 50 many spec1es of the genus Bryum1
'have been descrlbed from hlgh latltudes,vlt 1s dlfflcult
Sto say for sure that thlS spe01es has not been descrlbed '

'prev1ously 1n bryologlcal llterature. However,'I have

'.*examlned type spec1mens for most Pohlla spec1es publlshed f

»_ihfrom arctlc localltles, and all Pohlla spe01es from that

% P
: N <y

b_hreglon whlch are known to produce propagula Consequently,

}.'hI feel that 1t 1s apProprlate to suggest/the name Pohlla"h'r
’andrewsll‘ It 1s my pleasure to name thlS moss for Dr vA,.
f'rLeRoy Andrews,;who contrlbuted greatly to our - knowledge‘
lfof the genus Pohlla, and whose herbarlum I ‘was. able to,g*:
,study and learn from whlle beglnnlng in bryology as an o
hundergraduate at Cornell Unlver51ty :,,Li‘ th.-;;”ydf_ﬁ_hjj:f‘7

' Plants generally robust, formlng small 1solated populatlon5~f .f

hbh_ln s01l fllled rock crev1ces, occaS1onally 1nterm1xed w1th -

3: other mosses, glossy when dry, stems 3 15-(35) mm hlgh



green aboye,'green or * near the base, simple orggpmef

.tlmes 1nnovatlng 1-(3) e im s_from the base when sterlle,
’ 51mple or once 1nnovat1ng below the 1nfloresoence when o
-fertlle,_leaves erect to + spreadlng and sllghtly flexuose
‘dwhen dry, sometlmesﬂ+ carlnate, when m01st‘ + spreadlng S
~and sometlmes carlnate in elongate forms, more erect and :';{
fplane when the plants are short and compact (O 65) -0. 85—.
oL 30 (2.00). mm long, (0 25) O>30=O 40- (0 55) mm w1de,.,‘.
»lanceolate to broadly lancolate, short— to. gradually long
E acute + decurrent by 1/3 rectangular or rhomblc cells, some—
atlmes scarcely or not at all decurrent 1n compact forms,'
marglns plane to somewhat reflexed when dry, plane when-.
.1m01st + strongly toothed in the upper 1/3 l/2 .occa51onally.'
rf'subentlre,'entlre to subentlre below, costa endlng 3= 5 (6);f;b .
-cells below the apex, green 1n young leaves, green or: + red Qh
n,wlto black in older leaves,:upper cells rectangular or rhomblc:'”
lfto llnear rhomblc,iocca51onally vermlcular,.(35) 45 60 (85)
}lum: long, (;) -7-9= (ll) um’ w1de,vth1n walled rectangular
7pat the base,:3f6£ly undlfferentlated near the margln or/bf
rf‘sometlmes somewhat longer,lasexual propagula conslstently
v;present 1n the upper leaf ax1ls of sterlle shoots,'usually

f:present but few in- number on perlchaetlal plants, ar1s1ng

'yln cZ usters 1n the leaf ax1ls, oblong to llnear oblong on

- lax elongate stems, oblong to 1sod1ametr1c on short
ufcompdtt stems, rarely more than three tlmes as long as w1de, g

"3typ1cally 50 165 um long, but sometlmes only a few older',

,-#
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' xpropagula present (>170 um_-long), green Wwhen young, dis-

'tinctly red when'older,jstrongly translucent, with 1-3-(5),.
‘ihconspicuous, often‘}ncurved, peglike or laminal leaf:
' primordiafnear the‘éZek, the leafjprimordih generally.

'1nconsplcuous, darising as short, peglike protuberances, : I

!}‘

‘usually becomlng dlstlnctly lamlnal w1th age, occa51onally

"remalnlng peglike. and rarely appearlng rudlmentary,'never

// .
3 - . . >

becomlng elongate and flnger llke (cf.jp. prollgera f1g

‘l62)} perlgonla bulblform, termlnal on unbranched stemspor

'the stems once 1nnovat1ng below the perlgonla, perlgonlal‘

‘bracts;shortxtosf long acumlnate from an ovate, concave,

-#fred;brownibase,ri‘strongly toothed above the shoulders,

li'marglns sometlmes + recurved from abOVe the - shoulders to L

”ngust below the apex,.costa‘endlng ln the apex or l 5 (6)pr:_.
_,cells below, perlchaetla termlnal on‘unbranched stems br'_.f.";' .
vsometlmes.the stems once‘(htw1ce) 1nnovat1ng belo& the;. |
flnflorescencey; perlchaetlal bracts to 2 5..mm. long, llnear—fil_’f

~jlanceolate to lanceolate,‘often red at the base, costa'

hvestrong, endlng 1n the apex or l 3 cells below,_medlan cells, |

'z_on average, somewhat longer than thdse of the.. vegetatlve T

Vg‘leaves, 65 105 um long, 6 8 um w1de,,th1n~walled marglns Qﬁ;fd";

'rrevolute from above the base to. just below the apex,;”'; o

J“_toothed 1n the upper l/3 rarely subentlre Dlolcous TT‘H‘_f
C; Sporophytes 1nfrequent,’seta l 5 3 0 cm. long, orange—red
bp;to red vcapsules p051tloneq 95° l40° fnom the vertlcal l;Sf: N 'vw

73 0 mm long,short to + élongate pyrlform, w1th a well

e . s v . : I ; R ‘»]"'
- I i,
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developed-neck, sOmetimeS-almostAas long as the urn,
loften shrunken when,dry; exothecial cells longitudinallyﬁ
'elongate and + rectangular to. 1rregularly 1sod1ametrlc,
25- 50 um long, 15 26 um ‘w1de,'w1th strongly s1nuose
rwalls, eSpec1ally when dry, less so when m01st, gradually
._to +- abruptly smaller and less srnuose near the\rlm,
gradually elongate rectangular jUSt above the seta,
stomata.numerouS'ln the neck sphaneropore, (32)—34 -48-(55) .
:Uﬁa long, annull well developed of 2—(3) rows of cells,
{remalnlng attached to the urn or the operculum, sometlmes
separatlng 1rregularly or very rarely + revolvable, ooercula
conlc and usually Aplculate, exostome teeth 16 yellow to
ﬂ”‘}," Nyellow brown above,_darker below, lanceolate,lf narrowly
»acute,.coarsely paplllose 1n the upper 1/3 more.flnely.
paplllose below, endostome segments 16 hyallne, keeled
and broadly perforate, 0111a usually well developed - "_.Qﬁ
”,(O) -1- 3 between the segments, long, * nodulose,‘sometlmes_;
-:short spores coarsely baculate to clavate, (14) lﬁ 19- (23)
um-rl‘ : L : 5 o %

IR TP U SNt S R R : :
e DiStribution The presently known dlstrlbutlon of P.

MSll 1ncludes arctlc North Amerlca, northern Greenland

R

ﬂrgen and the south central coast of Norway It is
hat thlS spec1es also occurs 1n arctlc A51a, and
_"dlstrlbutlon is. truly 01rcumpolar In;North‘.-

\

America, P;,andrewsll,;s known‘from'the westernmost-lslands__




xlncludes alpine tundra in sub arctlc mountalns In the

']Ellesmere Isl , near D01dge Bay, Brassard 4190 (NFLD);'19"

- ;(GANM),VCoburg Isl. E coast Blake 26 b (CANM) Devon Isl.,

30
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of the Aleutlon chaln, and is w1despread in arctlc and

‘subarctlc Alaska, apparently extendlng no farther soutb>

{'than the Brooks Range on the malnland In the Yukon Terrl—*

\

tory, it is frequent south to Keele Peak ‘in the Hess

Mountalns wherever the bedrock is 5111ceous, a range that

Northwest Terrltorles, P, andrewSii has been collected .

from the Macken21e Mountalns near the Yukon border, from
1

dGreat Bear Lake,‘and from a few localltles in the arctlc
'archlpelago. Its sporadlc occurrence 1n arctlc North

fAmerlca is probably because of,, 1n part very 1ncompletei

Ped

'bcollectlng 1n‘the area, and also because of 1ts preference '
Q,for 5111ceous 50115 whlch occur oniy 1n scattered locall— .
ties. 'POhlla andrew511 is known from two localltles in-
‘d-Greenland (Cape York bMurrayso), and‘from several localltles
_1n Spltzbergen Llndberg s (1867) report of p. annotinazlz
V‘from Spltzbergen was based on spec1mens ofip »andrewsrrr

(H SOL') In Norway,-thls spec1es 1s known from Omenberges,

Cin deal.(Bryhn 1885 -H- SOL*)

[

‘_Selected Spec1mens Examlned Canada Northwest Terrltorles

'
<y

Great Bear Lake, E" end of McTavrsh arm, Steere 10298 (NY)."

'l

_mi,h(l m;.<=_l.6,km.) N of head of Baad Flord Blake 8- 1967

9

,SparbofHardy;LOWIand- Vltt 6580 (ALTA). Mackenzle Mtns;,'ﬁ

) S brr_"»l,‘a.u T



Liard Range; Hortbn 10735 (ALTAX.’Logan Mtns.,-Laké'Close
- to Nahanni R., Horton 14372 (ALTA). Yukon"Territory: S

4Tbmb$tone5Mt. .,area, 6.5 -mi. northeastrof Tombstone“Mtn.,‘

f-\

L Vitt 8105 ﬁLTA) OgilVie Mtns., miK‘42w Dempster,Hwy,,

247

V=1 B

Vite 6253 {ALTA) ‘Hess Mtns., Keele Peak, vitt 5939 (ALTA).

iKeno Hlll Vltt 16214 (ALTA) . North Rackla'Ranée/ Gillespie
Lake, V1t¢»166%3'(ALTA). Southern Richa;dson M;nss;
'Lenense Lake(_vi£s~l6252 (AﬂTA). bawson«area,$17lkm: E of
therAlaskaeYuketho;derjoanwy. #3, Shaw 3619 {ALTA) .

'JGreenlandE;.Cape‘York, N. slope, Nutt, 1940 (MICH). Murray-

e

2

SO, Dusen 4383 (H);'Norway, opdal, Olmenberges, Bryin,’ 1885—a

(H—SOL). Sp}tzbergen; Smeerenberg, Berggren 1868 (H) Seveﬁ

'!__Islands, Berggren, 1861 (H SOL).'Amsterdam Island , M. o
’.Bergren, 1861 (H SOL) U.S*Ax Alaska Berlng Sea; Hall"
Isl., Trezease'zlao (MO) Franklln Mtns., N of Mt.

_Chamberlln, Steere 18707 (NYp Between Peters Lake &

]

-;Schrader Lake, - Steere 18678 (NY). ba8-mi.‘s Of"Jago.Lake;'

Cantlon & Glllls 57 13390 (CANM) Pt. Barrow, Steere 15113,

15103 (nY).. Amchltka Isl., Reich®I (CANM). St. Attu Isl.,

s
- [

4

N of Massacre Bay} Jordal & Mllleih3018 (BH) . LakeiNoldk/
:Spetzmann M40 (US) Umlat area, Co Vllle R., Steere, Inoue

_ &.Iwatsukl 994 (NY) Endlcott Mtns CascadeQLake, Steere

574-880Y(NY) Cape Slmpson, 50 mi., S of Barrow,-Steere &

',QWatsykiﬁ74—405.(NY).»Driftond,Camp,'Utukok’R;, Steere,:

-

’Marteassen'&{Hdlmen 60~Id59:(NY)3

L . \.(‘_“~
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Pohlia andrewsii is chgraéterized by its 1) leaves
with a strong sheen when dry, and 2) its cluéters of small,
translucent, axillary propagula which have short, more or
less rudigentary, or -inconspicuous but of}en‘laminal leaf
primordia. In the field, the propagula are difficult to
éee, because the erect leaves are generally imbric;te and
hide the inconspicﬁous,faxillary clusters. Early in the
g{dwiqg season, ﬁhé prbpagula are 1iqht,ut;;nslucent—green,
but(gapidly‘beéome orahééuto orange-~-red with age. Young
propagula haQé}Short, very .inconspicuous leaf .primordia,

and these are generally incurved over the propagulum apex

such that they sometimes appear absent, although they are
consistently present (fig. 12: 1, 50: 10, 11, 13). Some-

times all the propagula of a given stem have these peglike

«

primordié, but more frequently the pfimordium cells coatinue
to divide“and result in a small, laminal leaf érimordium
(fig. §O: 6). The laminal leaf primordia are-aisg inconspic—
uous and difficult to see, béing red-translucent l;ke—Ehe

'S .
propagulum body, and are incurved over the apex. In shape,

" _the propagula .are fairly uniféii;/ﬁprying from isodiametric-
a0 4% , R

to shortly oblong-linear (fig.”50), but do not become

narrowly vermicular like those of P. proligera (e.g. fig.

62) . Youpdépropagula‘afe ﬁearly roundJ(fig, 50:’2),nsome—

i
times bggoming more elongate as a consequehce of cell
elohgation in the propagulum body (fig.?50: 2). In general,

lax,- elongate stems growing in shaded rock crevices have

"I
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longer prbpagula than compact stems growing in sunnier
situations. In the field, ». andrgweii ie usually easy to
recognize because of its strongly translucent—red propagula
which are well hidden by the leaves, and which appear to
lack leaf primordia altogether undef“a\hand lens. The
%lengthAof the stem is sensitive to environmental factors
and is, consequently, gquite varpable.'The plants are
egmetimes only a few millimeters high, consisting. of little
ﬁore tﬁan a fosétte of basal leaves, while.at other times
this species can grow to be thfee or four centimeters "
high, being one of the most robastApropagdliferous species.

The leaves havé a distinct sheen when dry, and this char-

acter-state is uniform in the -face of varying micro-

climate. \ .

r

&

Specimens of P. andrewsii from arctic North America

J/have mostly been Confused with P. annotina, pP. proligera

and/or P. bulbifera. Pohlia annotlna is a Conslderably
more’slendef planf,'andxthe leaves4are-dull green in
oontrae£ to the”@lossyeleaves of P. andrewsii. The propagula
of p. annotlna are much more variable in shape (fig. 54),
although 1ts range of possible dlmen51ons 1nclude types

like those of »p. andrews;i. Propagula of the latter species:
.do not become so narrowly elongate as do those of P. anno-
tina (e.g. fig. 54: 19, 20, 22), and they have not been

\

observed to become large and bulbiform late in the " season

N \

when QCCurring-singly, as do those of P. annotina. Most

!



importantly is the difference in the form and-ontogeny of
the leaf primordia. In P. annotina, the primordia aré peg-
like, but are eIongéte and qonspicuous (fig. 54), evén on
youngvpropagulé. Like p. andrewsii, the leaf primordia
cells may later undérgo cell division,ubecoming-laminal in
form (fig. 54). However, the laminal primordia are theﬁ
large and eféct, rather thén small and incurvgd as“are
those of P. andrewsii (figf 5G: 17( 18, 19 versus fng 54:
26) . Only on-the largest of ;.;andrewsii.propagula, do
the primordia appear erect }fig. 50: 23). Unlike P. andrew-
sii,'tﬁe leaf primordiavdf P. annotina typically remain
peglike, becoming laminal only on those propagula which
. : ‘

remain attached to the stem for an unusually long amount
of time. Mos£ propagula of P. andrewsii produce laminal.
le&f primordia typi¢§lly well befofe £ng\end of a growing
seasoﬁ. As herbarium specimens,‘the two arevkéadily dis-
ctinguishedgby the sﬁéen bf P.'andrngii, without even .
having to compare pfopagﬁla.:Pohlia annotina .and P. éndrewf
sii g&e compaied quantitatively in figuré’Sl. Note the |
greater morphological variabiiit?_of é. agnotiga.

In gross appearancé and particularly in leaf‘Sheen,
P. andrewsii 1is moétfsimilar'to p. proligera, and'these
two species can only be confidently distinguished on the
basis of .propagulum morphology. The propagula of r. prQ~‘

ligera are consistently narrowly vermicular, and not even

the most elongate of P. andrewsii propagula approach them
/ . : ,

bl

250
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in form. Propagula of P. proligera most frequently have
only a single leaf primordium (fig. 62), and it is always
elongate and conspicuous relative to'the,propagulum bedy.
In contrast, the primordia of »p. andréwsii p¥opagula arise
as short proturberences, and,commonly numpber (1)-2-4-(5).
In herbarium sbecimens, the propagula of P. prdligera
appear as a dense, felty mass, while those of p. andrewsii
appear as distinct clusters in each leaf axil.

Forms of P. andrewsii with isodiametric prepagula may
'bevconfused with p. bulblfera, but the,latter has leaf .
primordia which arise as laminal appendages (fig. 47). It
is very 1nfrequent that one finds a stem of p. and;ewsii”’
in which all the propagula havet lamlnal prlmordla, and 1t
is easy to demonstrate ‘that they actually arlse as peglike
outgrowths (e.g. fig. 50).-The lamlnal primordia oflboth
species'are”indurVed over the propagulumhapex,'but those
‘of P. bulbifera are larger and conSlderably more- consplcuous.
Further, the propagula of P. andrewsil’are strongly trans-
lucent and red, and contrast’ the green to orange,'opaque
or only Sllghtly translucent propagula of p. bulblfera
J'When m01st the leaves of P, bulblfera are w1despread1ng,
and the prOpagula are easily visible under a hand lens
In contrast, ‘as was noted above, the-propaQula of p.
andrewsii are hldden by the erect leaves, and are difficult

to see in the fieild.

Y
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The prdpagule.of°Pu camptof;achela are similar to those“
of p. andrekgii,_but are'typically yellow or occasionally
brown. Like,these of p. and;ewsii, the leaf primordia pf'
P.‘camptetrAEhela’arise as small,‘incenspicuous, peglike
Outgrowths,-aﬁd ere-semetimes~incurved over the propagulem
:apex (fig. 58). The primerdié of p. ‘camptqﬁfachela, hew—
ever, remaln pegllke and do not become laminal with age. |
,The leaves of p. Camptotrachela are dull ‘ﬁacklng any
-eheen,eand as in P, annotlna,‘thls enables one to qulckly

distinguish it from P. andrewsii, w1thout even looklng at

!

the propagula.

5N

7. Pohlia annotina (Hedw ) Lindb. r Musci Scand 17. 1879.

Brguﬁ annotinum Hedw., Spec Musc 183, 43, 1801 "Habltat
-lOCASVarenOSlS arg111051s, humldls,‘ad aggeres, fossas,
‘aquas stagnantes contlnentes Germanlae " (Lectqtype: Gf |
Hedw.—Schwaegr. i ["Ollm Chemn1t211 sax‘ 1eC£um,vpdt 1"]).
.anium aﬁﬁo#ihum (Hedw ) Wlth Syst. Arr.'Brif;”Pl;=ea{'

4, 3: 789};1801. | - |
Hygnum.ennotfnuﬁ (ﬁe&w.) Webf'& Mohr, Iﬁd;vMﬁS}”Plj érypt;
3: 1803, s | RS
BrQumvdecipiehs Lam; &LCand.} Fl.Frdhc.'23'503.'l8052e "J e
nem. illeg. incl.égec; p;ier(B;'ahnetinumuHedQ.). S
Bryum bulbiferué‘chév.,eFl._Gen,_Eny.'Parié,25v75,1827;.
‘ noh{ illeg. ihciw spee. p?iori(Brpannotinum Hedw.). K = -
7 o AN e annen SR P
‘Webera annotina (Hedw.) Fuern.,,FlQra 12 (Ergbl. 2): 35.

1829,
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R Pohlié"granaflora‘H; Lindb.] Medd. Soc. F. Fl.>Fenn; 25}
41. 1900. Type: . "Isthmus Kéréliéus,par Valkjérvi,‘5 July,“
1897,>leg. H. Lindbergﬁj(Lectotypei H!; Iéotypé: H!) .
Webera proligera Vaf. ténellaQSChiffner, Oesterr. BOt.'
Zeitschr. 51: 122. 1901. Type: VMadeira;‘Funchai/;im
curralinho, 600-700 m}‘stér.‘22;III.i?OO (sine Nr.)."

(Lectotype:FH~-Schiffn. !).

Webera corrensii Limpr..éx Loeske., Moosfl. Harz. 221.
- . . . . ST ,"]}: i .

- 1903. nom. nud. in synon. J

Webera commutata var.,avimontana Roth ~Eur. Laubm, 2: 27.
o A , e

1904; Type: "ei. 3 October 1896 an Waldwegen um den Tauf—

N steln im Voqelsberg in 750 m. (Lectotype st .

Pohlla annotlna var. dec1p1ens Loeske, Verh Bot Ver.
Brandenburg 46 201. 1905. Type- " zuerst Herr Torka
aus der Umgebung vor'ochw1ebus und S spater 1n Elsen—

‘Ebahnausstlchen bel Berlln,.;;.":(Lectotype BeLQeskeL_; o

vk;Berlln, Ausst1Ch bel Sadowa"rdj); N
rvﬁebgra ;nrotihérVar de01plens (Loeske) Rdéli}fHeinéia-_vu
_____ hé:;zozg”1907. ] o
P¢h1i$'prpligéra‘Var; réﬁéli§ kSChiffh;) Herzog, Blblloth
'_,]p6£;;73: 17;719i0{’ I - | »
:Webérafgran&iflbra:(H%aLiﬁdb.)ué,‘Jené.,/Skéﬁd, Bladmfl;
259, 1939, o o - R
‘r;Webérg éragdflbra Vér.»aéciéiéd§ (Léeéké)vJénér»& WéCht;,
Ned. Kruidk;vAréhr 53§.éi$;'1943; B | | -
Webera‘stdllei"Warnstf_eijodp.,rConsp;‘340.f1954; ném'nud;w

|

ER
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‘in‘sgnon. ‘
éohlia;bulbifgra var.havimontana (Roth) Warnst. ex Podp.,
| Consp;'a41. 1954,
tPohlla annotlna var. loeske1 Crum, Steere,"Anderson,‘
V:Bryologlst 68 494. 1965 (based“on_Pohlia;annptinaAvar.
decipiens Loeske). | -
‘prlants.slender,-forming small scattered populatlons or
occa51onally extens1ve turfs,(dull green and lacklng a
dlStlnCt sheen when dry,.stems 4- f% 20, mm. hlgh green'c
| above, green to orange below, very rarely red just above
'vthe base, 51mple or sometlmes once 1nnovat1ng at the base ;
D .

' when sterlle,»51mple when fertlle, leaves erect spreadlng

'rto Wlde spreadlng and sometlmes w1th the lamlna tw1sted

rand appearlng somewhat canlculate when dry, erect spreadlng o

, .to spreadlng when m01st (0. 7) 0 8- l l (l 2) mm. long, ,,-

b 0. 2- O 4 mm .w1de, narrowly lanceolate to occa51onally
”ovate lanceolate,_acute,,shortly decurrent by l 3 rows
- of llnear to llnear rectangular cells,'sometlmes scarcely
ffor not at all decurrent ‘marglns plane,’strongly toothed
";Tto subentlre in the upper l/2 l/3 entlre to subentlre
lg-below,:costa endlng l 3 cells below the apex,‘greenbln
young leaves, green or occa51onally red brown to red 1n'

‘older leaves, upper cells llnear rhomblc to rectangular—

i rhomblc, rarely vermlcular, thln—walled (35) 43 =70- (105) um f

long, (6) 7 9 (ll) um w1de, varlable in shape and size on _bj '

L S

i
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a single leaf, undifferentlated at the margin,'rectangular"
'near_thelbase, 3-6:1; asexual propagula.usually presentfas.
“cluSters,in the upper leaf‘axils of stérile shoots, some—
;tlmes appearrng few, 51ngle or absent from old stems (often/
/dlfflCUlt to flnd on herbarlum spec1mens)vlscarce or‘absent

when fertlle, arlslng in. clusters in each upper leaf _ T

,; axil, extremely varlable ‘in size and shape, oblong,

-

‘obconlc to + elongate and sub llnear, + consplcuously

) tapered from apex to base, sometlmes rounded oblong and

AN

: bulblform when old gradually narrowed to a unl— or bl—

'serlate stalk mostly 150 300 um long, but occa51onally

.-only a- few old propagula present (300—550'um~ long) the IR

‘;1propagulum body and leaf prlmordla hyallne,»yellow, green,'

Js_orange or + red when young, usually red when old and

‘-bulblform, translucent, w1th (2) 3=5- (Sl_pegllke leaf
lprlmordla present at the aper, sometlmes becomlng + lamlnal
';on older propagula, arrslng as‘unlcgg?ular, flngerllke iv
l'Voutgrowths, never as lamlnal appendages,vperlgonla bulbl—p
‘form termlnal on unbranched stems, consplcuous, perlgonlal
7fbracts long.and narrowlykacumlnate from’an ovate, concave,,tn
-l+ red brown base, marglns + strongly toothed near the

apex, toothed to subentlre above the shoulders, costa

'fllllng the narrow acumen, perlchaetla termlnal,‘rather o

"h consplcuous, perlchaetlal bracts to ca. 3;3:mm.‘long,7“

ulanceolate to llnear lanceolate, often red at the base,'e -

}costa'endlng Just beloW;the apex ‘or in the apex,vmedlan_:_“

!

V‘I.
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cells on average, somewhat longer than those of the
vegetatlve leaves, up to 115 um. long,”sometlmes +
‘1ncrassate, marglns revolute from above the base to just

- below the apex, toothed ln the upper/l/3 D101cous;_sporo—-
.4phyteS»occa31onal seta l 5-3.0 cm. long, orange red to
orange 3£¥orange yellow, capsules pos1tloned 95°—l40°

L

‘trom'the vertical, 2 0-3. O~mm long, short to + elongate
' pyrlform, w1th a well developed neck Wthh becomes -+ |
‘~shrunken when dry, exothec1al cells longltudlnally elongate
‘and + rectangular to 1rreg&larly 1sod1ametr1c, 23-50 um'
jlong, 15 26 um w1de, w1th strongly 51nuose walls, espec1al—f
‘fly ‘whén dry,_less so when morst gradually to abruptly >Z"‘.’”
'ysmaller, less 51nuose, sowetlmes thlcker walled and +
;collenchymatous at the mouth less 51nuose and more nearly»ff'
:;ﬂlsodlametrlc 1n the neck gradually elongate rectangular '.;fidnih
.]ust above the seta,.stomata numerous 1n the.neck phanero-n"
dﬁngore, (30) 34 40 (46) um long,.annulllwell developed of

' (3) rows of cells,’remalnlng attached to the urn or the o

’.;operculum,-sometlmes separatlng 1rregularly or: rarely +

I,» e

7

frevolvable, opercula conlc and aplculate to occas1onally
hf_umbonate, exostome teeth 16 yellow to yellow brown above,
E often darker below lanceolate, + narrowly acute, coarsely o
f~paplllose in- the upper l/3, more flnely paplllose below,i"
d. endostome’ segmeKts 16, hyallne, keeled and broadly per-; |
’forate, 01lla (O) -1- 3 between the segments,‘long, + nodulose,

sometlmes short vspores baculate, (15) -18~ 23 (25).



*1L1nnaean herbarlum con51sts of t%o parts, one belng

fCeratodon purpureus and the other Brgum cernuum (ivE.

"ffapparently a
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Nomenclature* The nomenclature of P. annotina is discussed

>

?.1n detall ln ‘a prev1ous sectlon on the nomenclatural hlstory

of the propagullferous complex Dlllenlus (1741) descrlbed

)

—Brgum annotlnum lanceolatum pellu01dum, capsulls oblongls
: pendulus and prov1ded ar plate 1llustrat1ng the spec1es
r,(1741 flg 68). Accordlng to. Llndberg (l883),ka spec1men

-bearlng thls phrase in ‘the herbarlum of Dlllenlus is

&

Brgum pallens (Brld ) Sw. efooell and Dlllenlus
_5descr1ptlon and plate are con51stent w1th that speC1es
ivVo mentlon of propagula was made in the HlStorla muscorum,h
.pand 1t seems clear that Dlllenlus d1d not use the eplthet
fannotlnum, for any propagullferous taxon Llnnaeus (l753)

?jfollowed Dlllenlus on most bryologlcal matters (Isov11ta ;h

o

rhdi. 970> ‘and - he adopted Dlllenlus (1741) dlagn051s of
:;?Bryum annotlnumv;;s almost w1thout change (Llnnaeus placedfr'
&fthe epeCleS‘lﬁ mnlum) lee Dlllenlus, Llnnaeus (1753)
'xfhdeflned Mnium annotlnum on the ba51s of the lonq HECked fl

'xl:capsule and pelluc1d lanceolate leaves Schlmper.(187l)

RS 5

5 .repor%ed that aﬁépec1men marked Mnlum annotlnum 1n the_f

' _ullglnosum B.S.G.). The latter spec1es 1s morphologlcally‘

'51mllar to Bryum pallens, the spec1es to whlch DlllenlUS'

e C v!’. S - : S _ :

rled the name ‘B, gﬁﬁgztlnum i;[}land”lt”ls'”'“°'"¥'””
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'likely that the ihClusiye "species" 1nclud1ng these two
“taxa 1is what both Dlllenlus (1741) and Llnnaeus (1753)
llntended w1th the eplthet, annotlnum The anluslon of
Ceratodon on Llnnaeus <herbar1um sheet is probably,an
"inadyertant.mired colLeotion sincelLinnaeus_(l753)
descrlbed that spec1es elsewhere .and a‘ correctiy"'named
' spec1men ex1sts in his herbarlum (Schlmper 187l)a Most |
.other botanlsts of the elghteenth century (e g Hudson |
”:1762 Gunnerus 1772):used,the.name Bryum’(or'Mnlum) |
f hannotlnum w1thout reference to.propagula, follow1ng the
‘phrase and plate prov1ded by Dlllenlus (l74l)yand_the
 .deSCrlpthn glven by Llnneaus (1753) L

Leers (1775) descrlbed Mnlum annotlnum, including a-

dlscu551on of 1ts ax1llary propagula for the flrst tlme

'”Much dlscu551on has been put forwagd as to whlch propagull—f

1%

ferous spec1es Leers was actually referrlng, but none of

'fthls spec1mens are known (Sayre 1977), so 1t 1s 1mp0551ble

‘fa;that he used M annotlnum in an 1nclu51ve sense for several o

-;presently recognlzed taxa (see dlscusslon in. nomenclatural

hlstory sectlon and Loeske 1907)

"bto know for - sure how he applled the name It 15 most llkely"'

< B - “ . o B v."

_.‘Hedw1g (1801) prov1ded the flrst descrlptlon and

x-lllustratlon of Bryum annotlnum whlch was suff1c1ently

: dlagnostlc to allow bryologlsts to assoc1ate the name w1th -

;_a deflnlte, presently recognlzed spec1es. HlS 1llustratlon 2

v

"(plate”43) shows ‘both mlcroscoplc features and the spec1es v

o
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habit, and 1ncludes detalled draw1ngs of ‘the propagula.

< The propagula are shown as small obconic structures w1th

several peqllke, aplcal leaf prlmordla the diagnostic“

-

features for recognlzlng ‘this species. The propagula of

. p. drummondii and P. fllum are much Larger and branchllke,

N

" have broadly lamlnal leaf prlmordla. It is because of

‘years.‘

annotated by Hedw1g in hlS herbarlum in Geneva Both

thOSe'Of P. prollgera are llnear vermlcular and have only

a 51ngle or. two leaf prlmordla,and those of p. andalusica=

.

Hedw1g s concise 1llustratlon that the eplthet annotlna

has been used fairly. con51stently, at least.ln'recent
. N o

Brgum annotlnum Hedw. 1s represented by two spec1mens

,vspec1mens are 1nterpreted by mys@éi,@%oeske (1905)/ and

'fRuthe (who annotated the spec1mens) -as contalnlng 1nter-

ﬁ'spec1men has no. collectlon locallty glven but llStS Bryum

, and p. fllum The flrst spec1men (' Olim:Chemnitz;i sax. (.

s e

SpelelC mlxtures 1nclud1ng P. annotlna, P.‘andaIusicaV

N Musco um and contalns three samples of P annotlna three

andalu510a, two Of P :annotlna and P andalu51ca

s rmixed and flve of what appear to be perlgonlal plants of

;,J )

‘«5mfp{ fllum (see sectlon on nomenclatural hlstory)' The second

annotlnum Dlll., Mn1Um annotlnum L., and Trentepohlla

ST

'"erecta A Roth as synonyms. ThlS spec1men is 1nterprega{

\

”as contalnlng elght samples of P ‘annotlna,ﬁand one of

'ts

Cg
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P. andalusica.
ArtLele 70 of the ICBN allows that a portlon from a
herbarlum sheet containing dlscordant elements may be
selected to lectotyplfy a name when only -one element is
conslstent w1th the protoloque of the orlglnal publlcatlon
As was stated above, Hedw1g s (1801) plate 43 can be assoc-
with only one presengly understood spec1es, and
: erefore I suggest that the shoots marked no. 1 on the
Sheet bearlng the notatlon "Olim Chem%1t211 sax lectum”A

be cons1dered lectokype

During the nrneteenth centurj,-with the exception of

Webera graciiis' no new propagullferous speC1eé (of this

- L

I

group) were descrlbed until Schlmper (l876) publlshed

Webera commutata (Bryum drummondll C Mull 1862 was. not

_recognlzed as a propagullferous spec1es untll Andrews
'(1935) made the new comblnatlon lg\Pohlla). Thus, when;
‘:'Llndberg studled the group in the l87O s, only P. fllum

(as Webera graCIIIS) and P. annotlna were known to sc1ence

, .

In 187l Llndberg proposed the new genus Lamprophyllum o

_(nomen nudum),,and made the Comblnatlon L: 'annotlnum'(Hedw )

' Llndb In hls Musc1 Scand1nav1c1, Llndberg (1879) transferred :

thlS spec1es to the genus POhlla, agaln publlshlng a new :

B -comblnatlon, P. annotlna (Hedw I Llndb It is well known
'that Llndberg never accepted Hedw1g (1801) ‘as the nomen—
o %
clatural startlng p01nt for Mu501, and consequently in.

'1879 he 01ted Llnnaeus as the ba51onym author 1n hlS new
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‘comblnatlon. ThlS was -an unfortunate decision on Llndberg S
‘part since eight years prev1ously, Schlmper 41871) had
'rreported that Llnnaeus’ type ~spec1men of that‘hame-was,
not even a Pohlla The code does allow that by de51gnat1ng
Hedwig (1801) as the nomenclatural startlng p01nt, Llndberg
- (1879) reference to Llnnaeus (1753) could automatlcally be

changed to Hedwig (1801) when 01t1ng the spec1es On the‘

S

pther hand, as was Q01nted out by Isov11ta (ln lltt ), the “

correct 1nterpretation of Llndberg S nomenclatural practlce
is probably moreolmportant 1n ‘this case. The 1mportant |
question is whether Llndberg 1ntended to publlsh a new é
species in, 187lsand31879 excludlng the type of Brjum
‘dnnotinum Hedw:~ or whether he s1mply 1ntended new comblna~
tlons for Hedw1g S spe@&es, referrlng only to Llnnaeus

vfor the sake of brev1ty If 1t is’ concluded that Llndberg
o

‘r\_\";;) . ¢

meant to publlsh a new spec1es, then the code requlres

that the name Lamprophyllum annotlnum be typlfled lndepen—

' dently of HedW1g S earller Bryum annbtlnum However, Lf 1t_“”r

o

&;.

is concluded that Llndberg dld not 1mpllc1tly exclude the e

type of Brgum annotlnum Hedw (it was not expllcltly ex— =

’vcluded), then there seems to be no rule whlch denles the
pOSSlblllty of typlfylng Llndberg S comblnatlons w1th
'Hedw1g s spec1mens, even though Hedw1g was not, actually

} referred to There 1s conv1nc1ng ev1dence from Llndberg s

'other publlcatlons and from the notatlons Qn hlS spe01men5j"

A

_ 1n H SOL that he 1ncluded bqth P. 'andaluslca and

o

5o,
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" P. annotina; as well as p. bulbifera.and P. filum in his
application of the name Pohlia annetinaa(see pages
. for detailed,discussion)} Althongh some recent authorsc

(e.g. Buch 1906, Koeh 1951, Lew}s & Smithﬂf9i8) have

| argued that Lindbetg applied the name P.'apno;}na exclusive-
ly to the plant pfesently kiewn as P. andalusica, 1 cannot
agree w1th that oplnlon because of. tne facts glven on

pages 91-94,. leen ‘that Llndberg 1mpllc1t1y included
Hedwig's type in P. ‘annotina (l879) I think it is best

to accept hls comblnatlon, citing the name as P. annotina
(Hedw.) ‘Lindb. . |

In 1900,eH; Lindberg published the name pP. grandiflora

H. Lindb. for HedWig's species, being ofvthe opinion that
his father had used P. anqotlna exclu51vely for P. anda-

 1usicq. This was probably based on- an examlnatlon ef his
father's,spec1mens so—named frogﬁaround Helsinki, which are
mestly P. andelusiqa. However; by,studyfng the whole of
_S.O. Lindbetg's'eolleetionlnamed P. annotinal it»is clear

. that Llndberg did not dlstlngulsh these spec1es (see‘
pages 91~ 94 ( |

Durlng the present century, oplnlons haVe varied

concernlng the nomenclature of p. annotina. Nyholm (1958), .

Crum, Steere and Anderson (1973) , Margadant (1968),
bradstein.(l97l) and Steerel(l978) have accepted Lindberg's’
‘ compination, citing the pfant-as P. annotina (Hedw.)

*Lindb;;'Whilé”xoch*(lgslyy wilézék“ana’bemAfét'(lb7o)’and’
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Lewis and Smith (1978) have rejected pPohlia annotiné,
adopting a later name which they thought appropriate.
Distribution: (f£ig\ 52). The North American distribution
of P. annotina is'bicentric, with Oone center in eastern
United States and the other along the Pacific coast of

o X ) . ’
Can da and northwestern United States. In the eastern

~part of the continent it extends considerably farther south

than other propaguliferous species, reaching Georgia

3 +

--and Arkansas. It occure occasionaily (probably under -

oollected) along thh eastern stateé, collections being
particularly frequent in northern New. York, New Englénd,
and lnto Vewfoundland A few outlying populatlons have
been collected westward to Wisconsin, Missouri and Iowa.

#

In the western portion of its distr}bution, P. annotina

has been collected from southern Washington northward along

Or P. camptotrachela. Pohlia annotina is not known from

the coast of British Columbia-to'southern Alaska. Specimens
have been.examined from'scattered localities along the
Aleutiaﬁvchainf and Ochi'(1959l repotted the species

from Japarl (a"s' P. caz‘nét-:otrachela)‘. Pohlia annotina 1is known
from several localitiee in the interior (Selkirk) mountains
of BrltlSh Columbla, but has been collected only once in
the Canadlan Rockies (Mt. Robson, B. C ). It is_known from

two localities in Montana but all reports of this species .

in the central Rocky Mountains are referrable to P. tundrae

e
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arctic North-America, and all reports from northepn»Alaska;
the Yukon Territory and Northwest Tefritories are>¥eferrable
to p. andrewsii. Non North American specimens have been
examined from Auétria, Belgium, Crete, Czechoslo&akia,
_Denmark; East Germany, England; Faroe Isléhds, Federal
Repubiic of Germany, Fiﬁland, France, Ireland, Italy,
Netherlands, Poland, Sweden -and Turkey. Preliminary data
‘fhdicate than in ‘and aroundi£urope; like in North America,
P. ahnotinakexgendS'farther south than an; other prex
paguliﬁérous species, reaching Crete andvTurkeQ; In Africa,
P. baronii Wijk. & Marg. hasvpropagula Qery éimilar'to

P: annotgna,'buf the plants are more hiéhly branched and

-it may well be a good species (see also, the similar

opinion of Demaret & Wilczek 1977) .

Selected“Spécimens Examined: Exsiccati. Andfews-(1935)
citeg Sullivant -and Lesqpereux'slexsicéati no. 171 (ed. 2)
as Pohlia fothii. The’dupliéa£es which I  have examined
(BH, MICH) both contain two differeht elements on the same :
‘sheet. Within a small packet is‘typiéal P. annotina‘(with
propégula),Qbutmountéd'separately are samples of P. dru@—
mondi; (moStiy,with sporophytes} Sﬁt propagula seen - BH!).!
vSull. & Lesq., no.”iSO (ed. l},'also as ‘B. ann$tinum, is
P. d}ummbndii and the planté agree’closeiy with that specieS'
.on”né.”l?l;fggétg.pgsgibly fhé& came from the same collec-
S e m TR T Bt as v

tion K“i;jyovae Angliae Montosis™) . However; the collection

1
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' i " “ . .
must have been a mixed one, for no. 180 in MICH is P.

bulbifera. See under P. proligera (specimens examined) for

. further discussion of several problematic exsiccati

numbers.

North America: Alleh, Mosses of the Cascade Mtns. 54 as

P. proligera (COLO, MICH, MO,.NY, UECi Qé - ali in paft);
AﬁStin, Musci Apél. 188 as B.‘annotinuﬁ?(US, CAS); Grout,
North Am. Musci Perf. 291 ast. annotina (BH,>CAS, COoLo, .
F, MICH,»MIN,‘SMU,.TENN, Us); Holiinger, Musci Acr. Bor.-

Amer. 12 as P. proligera (MIN); 45 as P. proligera (MIN);

394 as W. annotina (CANM, COLO, MICH, MIN, MO, US); 450 as

w. proligera, (BH, CANM, COLO, H, MICH, MO, NY); 662.as
p. grandiflora (BH, CANM, COLO, MICH, MIN, MO, US, WIS);
Macoun , Can. Musci 464 as W. annotina (CANM, .MICH, MO,

i

NY, US); 448 as w. annotina (WIU, US); 4?8 as W. micro-

‘ sporum (US);‘162 as W. annotina (WIS), NY - in part)}
"Macdun, Can. Mosses 463 .as w. profigera (NY,‘MICH, MO,'US);

‘”Sull} & Lesq., Musci Bor. - Amer. (ed. 2) 171 as B.

annotinum (NYS, BH, MICH, MIN ). Europe: Bauer, Musci

Eur. Exs. 309 as P. annotina (BH, ALTA, F, COLO); 1621 as

pP. annotiha (ALTA, WTU, COLO);_16221as p. annofinq,var.
. R | e . ‘ ‘
decipiens (ALTA, COLO); 1090 as P. annotina f. decipiens
(F, COLO); Cryptogamae Exs. 3771 as W. annotina (UC -

completely; MO, US, COLO - all ‘in.part); Holmen} Bryoph.

Danica Exs. 426 as W. annotina (ALTA, CAS, COLO, US);

Husnot, Musci Gailiée'769‘a3'wg”abaotiha“(BH,”WIs); Kopsch,
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Bryoth. Sax. 241 as P. proligera (MICH); 242 as ¥. grandi-
flora (MICH);'335 as P. grandiflora (MICH, H); 420 as p. -

grandflora f. decipiens (MICH); Lisowski, Bryoth. Polonica
484 as p. grandiflofa (CANM, H) ; Mickiewicz, Plantae vars.

Exs. 56 as P. grandiflora (CANM, H);wRabenhorgt, Bryoth.
Eur. 968 as B. annotinum‘(H—SOL,'UC); Roze & Besch.,
Musc. des Environs-de éarié'l86 as w. aﬁnqtina°(CANM)}
WarnSerf,]Markf{Laub.‘174 asiw. annotina (CAS).

Canada. British Cdlumbia;' ReVelstoke,area} 14.5 mi. -
(1 mi=1.6 km) S of Revelstoke at Blanket Cr. Cmgd., vitt

22388 (ALTA). Queen Charlotte Islands,.Graham-Isl,, just
N of Pure Lake, Horton 1781 (ALEA;:_East of,Vancouver) 
3 mi. W of Alder Grove, Vitt 4628 (ALTA)..Prince Rupert

area, along.Oldfield Cr., Shaw 1580 (ALTA). Glacier Nat.
; o T T ST
_P.,.along'Avanlanche#Crést Trail, Shaw 2154 (ALTA).

Nakusp area,'22,0 km N of Nakuép'on'Hwy; 23,:Sﬁaw‘2208
(ALTA). Mt. RobSoh area, Berg Lake Trail, Shaw 2834 (ALTA).

New Brunswick: Charlotte'Co,,”3 mi. N of Digdequash,

SIreland‘I7034'(CANM), York CoQ, 3 mi. N of Lake'George,

i
IrélandH12986 (CANM) . Albert Co., Fundy Nat..P{, Ireland

11536 (CANM). . Newfoundland: 'Wesleyville area, 3 km. WNW.
of Cape Freels North;'Béiland 270 (NFLD). WoOdstock, -

49958'N,'556531W,’Brassard‘L1259_(NFLD). Lance Cove, = -

 bel1and & Bradsard 12170 (NFLD). Aquaforte, Ferryland,

~Tuomikoski 572 (H)y~¥N6va“SCotia:" Shelbourne"CO.;‘3”mi,"N"”

OE_Upper Clyde R.} Ireland 12353 (CANM) . Cumberland Co.,
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2 mi. N of Advocate Harbor, Ireland 17271 (CANM)."Halifax
Co., 3 mi. E of Musquodob01t, Ireland 12139 (CANM)
Ontario: Dorchester Copper Mlnes, BeSChel 22 (COLO)

"Algoma dlstrlct between Agawa Bay & Montreal Rlver,
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Sharp cME01 (DUKE); Renfrew Co.,}B mi. N of Brudenell i,

Ireland 15858 (CANM) . Quebec.:  Magdalen Island Rellly
961 (MICH). Waterloo, Ahselm 1356 (WIS) ‘Gaspe, Forlllon
i Park; Shaw.531n(Pri§§'Herbe J . Shaw)' U S A. ‘.Alaska

,Keﬁchikanbared, ca. 51 N of Ketchlkan a* Ward Lake

cmgdL, Shew ﬁ633'(ALTA) Juneau area, along dlrt road on ‘_,,,”

NE side of Maglnnls Mtn Shaw 2019 (ALTA) Mlddleton ’;
'Island near alrforce base, Thomas 5952a (CANM) Arkansast
'Washlngton Co E of Sprlngdale, Anderson 21345 (DUKE)

'i'Georgla:) Dekalb Co , N slope o{‘Stbne Mtn ;' Small 11893 ;'

‘(BH)Q Maeon Cot, near summlt of Rabun Bald Steere 10165'

(MICH). Idaho:' Salmon Nat- For Glbbonsv1lle area,

Shawf2714 (ALTA) Shoshone Co. ; 9 mi. northeast of Wallace,

E;Hermenn 22560 (US). _Iowa;> W1nneshlck Co., E of Hesper,-

Conard 7+lo4‘(TENN),_,Mdfne- ‘Mt Katadln, near Baxter

camp, andrews, 1950 (BH)

Portland ‘Pilman 9636 (BH) Plscataquls Co

...

i of Mllo, Hermann l9l6l 1/2 (US) Maryland
C 0., 2 mi, w of Beltsv1lle, Hermann 15857 (US).' Masseenn-‘
setes:- Mt. Greylock Andrews, 1910.(BH). BreWSter, |
kf_Andrews, 1936 }BH)¥%Amesbury area, Huntlngton, 1901 (BH)
Michigan: -Cheboygan Co., N of Douglas Lake, Mlller 3386

@




MICH). Alger Co. ' PioturedbRocks'near Miﬁer's Castle,_‘f
AMlller 2721 (MICH),_ReWeenaw‘Co}, 1 ml;.W offLaolLa Belley
Hermann'23139 ZMiCﬁ);:'Misaoufla St..CléiriCb,, 4,5 mi.

E of Osceola, Redfearnk&“weﬁﬁr éflGQ'CSMS);ACedar Co.,’

6Jmi. SE of Stockton, Redfearn 12829 (US) ‘ Montana:

2

“A'Llncoln Co. Cablnet Mtns K Flowers, 1967 (COLO) Missoulaa

banks of Lolo Nat For.~Rd. 905,'Shaw 2721 (ALTA) -

e
Ay S

‘“'NeoaﬁampShlre'f Camp Duncan, Bretton Woods, Smlth & Mlllerl
i34128~(NYSl Whlte Mtns | v101n1ty of Mt Washlngton,aa
- Mllle; 1655 (NYS) Grafton Co Brlghthollow, Hutchln;on .
T (BH).‘ wew vork: Staten Island Grout) 1931 (DUKE) .
'.Tompklns CO | Homers Gulf Andrews, Muenézoer &‘&anz,

‘1920‘(BH). Rensselaer¥Co ,JI' E of Poestenklll Smith &

NYS) . Suffolk Co Sagaponack Latham 33965

Ccarr 35000

'J(NYS);,Livl_gston Co., Letchworth State Park Mlller 1697

g(NYS) . North'Carolina:' Dark Rldge, Andrews 360 (BH).
&
Winston Salem, 5challert 5 (BH) Ohlo Hocklng Co.,

'Hocklng Hllls St. P., Fopman 621 (MICH). Jackson Co. :’,;f

e e
¥ N I

Jackson, Bartleg 538 (US); ;Pehnsylvania- Shroudsburg, s
T R}

L,Chapman 2427 (BH). Montgomefy'co-, Wlllow Grovev Plnckney,f~
\; 3 .
1972 (US) Deleware Co. Swarthmore, Cresson,~l904 (BH)

. il
vy

. Sevier Co. Sugarland Valley, Sharp 4577 (TENN)g_ Vermont;

Horrld Reglon, Andrews, 1947 (BH) Stratton Mtn

- Sharp, 1932 (DUKE)w Rutland'Co,,-Meddletpwn;sprlngsla-"»

Carpenter, 1917 (BH). Windsor Co., 10 mis N of Windsor,
‘Miller 7919 (FH). Virginia: Nansemond Cow; 7 mi. NE of

R . . Col
~ . S . R
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Cypress, rreland 4053 (US) Henrlco Co Richmondy;catterson
1031 (WIS) ‘v WashlngotOn‘:" lBaker area, ca. 5_"mki'.' SE

.of Mt Baker on rd 385, Shaw 2304 (ALTA) Snohomish Cor,f
-’M_.’Loop Hwy. & 25.mi N of Barlow Pass,‘ haw 2326 (ALTA)
Jefferson Co., Olymplc Nat Park Shaw 2389 (ALTA). Plerce>
Co. K ‘Mt. Ralnler area, Frye, 1923 (WTU) é'weaffvirglplal'
"Monongaha Co Lle Run,,Andrews, 1903 04 (gH);QIWisconsln}f
»iMa‘.rathO'n CO., Freckman 1009 (MICH) | ) R

| Pohlla annotlna may be characterlzed by its 1) slenderl?;
‘hablt and nonglossy leaves,‘wet or dry, and 2)‘clusters of
varlably s!hped ax1llary propagula havrng 2 4-(6) aplcal

leaf prlmordla arlslng as pegllke outgrowths The color,‘ff;”
shape and s1ze of the propagula are almost 1ncred1bly
_varlable in thlS spec1es They are dlstlnctlyrand con51s—
tently translucent, but may be Whltlsh hyallne, yellow,
:_orange, red 'or occa51onally pale green. Very long, narrow :
“propagula tend to be palest often appearlng whlte or

1 almost hyallne Large, solltary, bulblform propagula are
most often translucent red but may vary to many shades:

of orange.~Typ1cal shortly ObCOHlC forms (cf Hedw1g 1801 :/ .

”plate 43) tend to be orange or red but sometlmes green

or yellow forms are. encountered Consequently, propagulum fp'

..'

;s{‘colﬁr alone is. of llttle value in recognlzlng thlS spec1es. ‘

'_The propagula are no less varlable 1n shape than 1n color

e
,(flg 54),‘ranglng contlnuously from shortly ovate or

PN

f)“obconic (flg 54 i- 9) to llnear and scarcely tapered to L
' RN SR ‘ : oo

~
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the base (fig 545 22) . Much morphologlcal varlatlon

’ 'occurs developmentally, and because a 51ngle stem contln—

uously produces propagula in each leaf ax1l a conslderable

‘1
~

‘range of forms may . be encountered from one plant at one

: p01nt 1n tlme Early 1n thelr ontogeny, (l) 2 4 pegllke

'y_leaf prlmordla are dlfferentlated from the propagulum

"body as elongate, flngqulke outgrowths'(flg 54 1- lO)

Y

‘»;As the grow1ng season progresses, the‘propagula produced

~'early on contlnue to grow in 81zegand complex1ty, even

tvyfywhlle attached to the stem,vlnvarlably produc1ng at least

yTjtwo pegllke prlmordla (flg 54 .2l} 25), and more commonly

I -
. . I

y three or four (flg 54) When only one ‘or. two prlmordla

N

”are prese&t blt is: usually poss1ble to flnd a young

&

.gprlmordlal 1n1tral near the propagulum apex beglnnlng to

"”7'elongate to- form addltlonal prlmordla (flg l2)

Dependlng upon the degree of longltudlnal elongatlon of

Ry

the body cells, the propagulum may become long and narrow

(flg 54‘ l 22), Lew1s & Smlth 1977 type F)..shortly

,»’pbconlc (flg 54;’13}-15,)165 Lew13 & Smlth 1977 type D),-

ror. any one Of an 1nf1n1te number of p0531ble 1ntermed1ate R

. forms (flg 54 10e12 Lew1s & Smith 1977, type E) The. .

o ontogeny of the propagula, pagélcularly"w1th respect to

. \

_ m1croenV1ronmental varlatlon, and 1s plastlc 1n ontogenet;c 1..]]1

B response.‘nght 1ntensrty and p0351bly llght quallty A

\ //

(L~

the degree of cellular elongatlon,_must be SenSlthe to

! .

| , (Hoddlnodd & Baln l978) could be lmportant factors controlllng

... )
.-

. v LN .
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' development Schmalhausen (1949) labelled thls klnd of
enV1ronmentallly controlled morphologlcally plastlc o \

development dependent morphogeneSLS, and dlscussed 1ts

vlmportance as an adaptlon to short, term unpredlctable,"7'

oy
R

~env1ronmental varlatlon Bradshaw (l965) dlscussed pheno—

typlc,p&ast1c1ty in’ plants as. an evolutlonary adaptlon,
and suggested thatbhlgh plast1c1ty may be. consldered an .
' alternatlvegto the malntenance of'hlgh levels of genetlc

' varlablllty The 1ndeterm1nate nature of propaaubum growth

/

.whlle attached to the parent stem allows for contlnuous

-develOpmental modlflcatlon 1n response to a rapldly

P

changlng mlcro env1ronment 475” %pfd

o Although some varlatl n, other than developmental szﬂfggfzﬁitd

,,ex1sts 1n a 51ngle populatlon, for the most part a’ glVen fu,f}*

o ﬂ?populatlon has elther long narrow propagula, shortly

e

V'obconlc propagula,oE'intermedlate tYpes, etc } and extremes

%mrphologlcal gradlent are rarely,

-loselprOX1m1ty Thls could be the result

1:

"_of relatlve genetlc homogenelty w1th1n populatlons w1th

'fencountered 1n

© some dlfferentlatlon between thém! as would be expected in:
. A _
a plant whose breedlng system con51sts of short range,'u;m

;frequent Vegetatlve reproductlon.and occa51onal dlspersal
© of sexual prOpagules It is llkely that any glven_ popula-_
;tlon ‘f P' annotlma represents ar srngle, or a few genotypés-?'
'fiextenslvely reproduced asexually Lew1saand Smlth (1977) .' 5;]

“_showed that there is con51derable genetlc varlatlon between



vfdlvlslon, often cons1sthg of 8 15 cells 1n dlameter

populations.with respect’to prOpagulum°length—width'ratios
1n the - Brltlsh Isles, and that thlS genetlc dlfferentlatlon
1is superlmposed on exten51ve phenotyplc plastlclty, the
result belng a contlnuous gradlent of propagulum shape

£

(flg 545.

Whlle the long, narrow types of propagula (flg 54?v

l9 "22) are’ characterlzed by exten51ve cellular elongatlon,;’

-

~‘_thev are generally only 3 6 cells 1n dlameter On’ the
other hand “in forms 1n whlch the body cells remaln iso-
”f_dlametric (flg 54 23 24) or nearly so. (flg 54» 14y,

v'the propagulum often becomes con51derably thlcker by cell

f{Durlng ontogeny, the leaf prlmordla produced early on s

' ceaSe development remalnlng as unl— or sometlmes b1~ .

j.(or”trl . cellular outgrowths (flg 54: l 22) although
i addltlonal prlmordla may be produced in. a splral sequence

- by elongatlon of Cells near the apex (flg 54, and Correns

N

:'l899) On propagula Wthh remaln attached tq the stem f"
late 1n a grow1ng season, and become large, and bulblform -,,,

(flg 54 26), the leaf prlmordla may become 2- 4 (6)

cells broad at the base, assumlng a truly lamlnal form

In these cases, however, the pr)mordla arlse asrpegllke

,_;outgrowths (flg 54&”14),’and thelr lamlnal form 1s of a,
1secondary nature,'ln contrast to-e. g.~,&}andalu51ca, where y“

even young propagula have broadly lamlnal leaf prlmordla':

Sy

(flg 40. l); From European herbarlum materlal “have,.
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s

;chen some ‘ 'g,_ ' ;;3 'p_l'

«fwhen encountered the very long,'narrow forms of propagula

'flfgraphlc dlfferences between the extremes along thlS

"lof'P annotlna make thlS specggs dlfflcult to ldentlfy

. There are, however, a few crltlcal features Wthh are IR

- 273

>found that the very large, bulblform propagula (elg. figs

- 54: 23- 26) are occa51onally encountered in the lower leaf

axils of plants collected late in a grow1ng season- (see

‘also Lew1s and Smlth 1977, l978) HoWever,‘I have never -

-

'encountered these extreme expre351ons from North Amerlcan Ny

materlal elther in the field or. as herbarlum spec1mens,

4and 1t is p0551ble that North Amerlcan populatlons are

1ess varlable in. thls respect Forms 1llustrated in, flgures

- 54: l 22 represent the observed range of varlatlon on’ thlS

contlnent but T have 1ncluded flgures 54 23 -26, 51nce'

dsuch types may eventually be encountered by collectors In- -
fall other respects, European spe01mens of P annotlna are'
7.1ndlst1ngu1shable from thelr North Amerlcan counterparts,

”fand eXhlblt all the varlatlon present in our materlal and

'v
1

;.-"

Because of the contlnuous nature of propagulum shape,u“'

v:fddlscussed above,‘I have been unable to conSLStently recog---i

»' \'»

yplnlne a Varlety»deCIplens Loeske Wlthln P. -annotlna Although

BECTES

l

Hﬂare dlstlnctlve, 1ntermed1ate types are far more frequent

‘.

Q'I have not been able to document any ecologlcal or geo—lf‘

~

:pmorphologlcal gradlent and consequently p -annotln& var.

2

-fdec1p1ens is hereln treated as,a synonym of the spe01es o

L The outstandlng varlatlon 1nherent in, the propagula

- »}'\.



i all other North Amerlcan propagullferous speg;es except h I

fpr ordla have become more or less lamlnal in’ form (flg

. 274

sufficiently uniform within the,species to allow its
unambiguous definition andtidentification; Without even

studying the propagula, thensledﬁer*habit and-especially«

\

“the dull, glossless leaves dlstlngulsh P annotina"";’ffomx

e
a4 -

=,
.
e

P. camptotrachela Further, whatever the shape or size

fof the propagula,,they conSlstently have 2—4-(6) aplcal

tQ‘-

leaf prlmordla Wthh arise as: elongate, flngerllke out—

growths Even on plants in whlch £ propagulum leaf d
N

:(.'
=

54 23, 24), 1t can be demonstrated on other propagula of-
e
the stem, 1f not on, the same propagulum, that they begln

o as pegllke outgrowths (flg 54 l l4)

1

v . : '
. tlnctlons between these palrs of spec1es

-Pohlla annotlna has been confused by North Ameflcan

, B 3 &04, s
":bryologlsts w1th P camptotrachela,_Ph andrew511, P,“" R
l:prollgera,.and- : tUndrae See under P. camptotrachela :

for the features dlstlngulshlng that spec1es from P

annotlna, and under P andrew511 and P tundrae for dlseis
ﬂt'Pohlla‘prollgera has sometlmes been confused wlth
forms of P. ,annotlna in whlch ‘the propagula are narrowly‘y
llnear (e g flg 54;flb,f22)l However, as was -noted by
Crum (1976)p the twohspecles are readlly dlstlngulshed by‘f;
dlfferences 1n hablt and leaf sheen For the most part :

P, prollgera 1s more robust, and the leaves are: consplcuous—i'fs

1Y glossy When dry When m01st the leaves of P prolzgera:fex »

[



| :felty mass w1th1n the upper leaf axlls,flt is often dlf—'

,‘?annotlna,'on the other hand has t

propagula remaln 1ntact on’ herbarlum

X '
R Y . . <
W, : . . . <

- v

are commonly more erect and 1mbr1cate, an%fthey often hlde

has more spreading leaves, and the propagula are more

-

readlly v151ble, even in forms 1n yhlch thé propagula are

A

ithe ax1llary propagula unless pushed aside. Pohlla annotlna

shortly ObCOHlC When P. annotina has ldng, narrow propagula,

these generally extend w1dely from the stem, and are obv1ous

under a hand lens in the fleld The . propagula of P

ApIOllgera are strongly vermlcular, aﬁﬁ form a tlght almost

.

flcult to dlstlngulsh ‘the separate cluster llnbeach leaff

L4

ax1l They are. dlslodged from the stem

3,

ess readlly than

those of P annotlna, and most . freque tly the mass of

P

propagula less

Ay

ollectlons Pohlfaj

. ‘densely massed together~ﬂand the i d1v1dual propagula - lf;"'

”'.;appear coarser, broader and more dlstlnct Spe01mens of

P annotlna have frequently l”

‘(?\ o

.

equpropaqula altogether

A

-'after belng drled When dry,‘stems of P 1annot1na often

-

-1:have thelr leaves 1n varlous flexuose and curled pOSltlonS,‘:H”

.q“frequently tw1sted longltudlnally and appearlng very

"xdfare con51stently less contorted when dry,’sometlmes belng f;l7“

'7,jfnarrow,,although somet;mes they are stlffer and hardly

;"more or less flexuose near the apex.by'

In detalls of ontogeny and morphology, the propagula

hnodlfled from the m01st condltlon Those of P. prollgera ff,

"of these spec1es dlffer con51stently Those of P. prollgera”[;

e .
che -".'

”



: . ‘ i \ 2 76
o . - ‘
x. \ | .‘\

Y

are narrowly linear-vermicular, do not become oblong or
bulbiform at any stage ,of growth, and the propagulum body
‘ q:cells are always more or less elongate-rectangular to - .
\ a : <

linear (fig. 62). The leaf primordia most frequently arise

as single, peglike outgrowths, and are often characteristic-
’ %

ally bent at an angle from the propaguluﬁ body (fig. 62).

Some propagula on most P. proligera stems produce two leaf
primordia, but three or more have'never Béen Oobs rved in =/
this épecies (fié. 62), and they do not become laminal at

any stage of developmggﬁ. In ééntrast,.thewprdpagula of
P. annotina have 3-4-(6) 1¢af primordia, and these are
erect frgm thé propagulum body. As»discussédﬂabove,

propagula of P. annotina tontinue growth while attached

to the' stem, becoming larger, sometimes longer) sometimes

_ablong and bulbiform, and usually continuing tdJ produée
leaf primqrdié. Some P. annotina stems which proauce long{
narrow propagula have "immature" stages which have only

one or two primordiﬁ, andtappear similar‘tp tﬁosé of

P. pfoligera'(figi 54: 21): Aiﬁégt inyar&abl?, ho@ever,-
typical older propagulé with 3—4 primordia‘are also present |
on éhe same stem, and usually thevinitial celi later‘tO" |
produée a third pfimordium cén be~seen-§ﬁ the young

propagulum with only two primordia (fig.” 54: 21)} Although

Z7r

the earliest ontogenetic stages of the propagula afe

, sometimes similar in P. proligera and P. annotina, those
t

of the latter species are more indeterminate in their -
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gfowth than those of the former. This similarity in early.

w /’

:ontogeny is to be expected between two homologous struc-

tures (see also pp 48 52) Pohlla prollgera and P. annotina

are compared quantltatlvely in figure 55 Note the greater
Spread of points 1n pP. -annotina, thlS reflectlng its
varlable morphology and indeterminate growth The type of

P. proligera var. tenella Schiffn. is a form with dull

A

leaves as in p. annotina, but which has clustered propagula

L3

which Seem, to have been abnormallv arrested in thelr (

dévelopment as a stage corresponding to those of P.

-

éﬂ”mollgera. \\uw‘

ok

Loeske (1906) discussed the relation between his ;wﬂm_-

~

variety decipiens (long, narrow propagula) and P. proligera.
N ‘ _

' He pointed out that forms of pP. annotina with slender

propagula are also lax and slender in general hab;t differ-

'ing even more from P. prollgera in habit than do_typlcal

expressions of p. annotina. He went on to argue that if

p. annotina var. decipiens”(sic) were actually internediate

between the species and ». proligera, one would expect it

to converge in all features, and not‘only in propagulum

length-width ratios. I qu1te agree w1th Loeske S reasonlng a.
Although the propagula are far more varlable in

Ph annotina than 1n P. prollgera, this is not SO for all .

features of the two spe01es. ‘The perigonial,bracts of

P. annotina are always longly acumlnate from the ovate

-

base, and dlsplay little varlatlon in this feature (Fig. 53:
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-
v

17, 18). Those of P. proligera

on thé‘othe;'hand,\méy
vary from shortly acute ﬁo,lon ly acuqinate,‘and éré
a areﬁtly subject to consider ble environmental modifica—
tion (fig. 61: 16, 17). Plantg.of P. proligera growing in-
éhadgd habitats tend to have %oﬁgly acuminaté-bracts,‘
while those-in sunnier locali.ies have shortly écute
brécts (see also pﬁ.

That Pp. proligera and P ann;tina have\qdite different:
geographic distributions in/Lorth America (fig. 52, 60);
indicateé that ﬁhesq mdrpho{ogically defiﬁed speciéS'have;'
definite,vfhdividual,'biological medningl Further, the two

differ sigmificantly along the gradient of substrate pH,

and do nog'frequently coexiét_;n tHe,same habitat (see

pp'. '3 1

8. Pohlié camptotréchela (Ren. & Cérd.) Broth. iﬁ Engier &
Préntl, Nat. Pfl. ﬁ(3): 552/. 1903. |
Webera camptotrachela Rén; & Card.; Bot Gaé, 13(8): 199,
:1888.-also: Bull. dé_l@ Soc.’bot.'Beigl 27(1):51Q88; Type:
”C;lifgrnia, a cl. Lesquereugxﬁqmmunicata" (Isétype: NY!).

Bryum nutans SSp. camptotrachelum ‘(Ren. & Card.) Kindb.,

Eur. N. Am. Bryin. 2: 385. [1897.

Bryum éamptotracheium (Ren.| & Card.) Paris, Ind. Bryol.

-

Suppl. 59. 1900.

'
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Plants slender, formlng small to extensrve turfs, sometimes

-

intermixed with other mosses, dull often dark-gteen and
\somewhat stiff In»appearance when dry; stems S—ls_mm.
- high) gr%envaboV?: green or sonetimes + red near the base,
| simple,or occasionally oncexinnoyating at the base when |

* E

sterile, simple when fertile; leaves spreadlng to erect—

T

spreadlhg and sometlmes + flexu05t when dry, spreading to

erectfspreading when moist,’(O.6)~O.8—lrl—(l.4) mm. long,

S
>

o

" (0.2)-0.3-0.5 mm. wide, narrowly to broadly lanceolate, .-
L

acute, nondecurrent or + decurrent by 1-3 linear- -rhombic

N
/

cells; marqlns plane,'strongly toothed-to.subentire in the
upper 1/3, entire to subentire belowi costa endingul—B, 5
cells.below the apex, dreen in.young leavesglgreen or
'sometimes_+ red or’béown near the base ih older leaves;
upper cells rectanéular or rhomblc to + llnear rhomblc, ‘some~
tlmes vermlcular, thin walled, (40)-50—75 (lOO) um long,
(6)f7—l0f(ll) um wide, varlable in size\andfshape on a i
_single_leaf, undlfferentlatEd near the margln, rectangular
near the base, 3- 6.1, aseéual propagula usually abundant ' .“g&
:as‘dense, axillary clusters im the upper leaf axils of
sterile_shoots, sometimes_scarce’onlold~Shoots (often
difficult-to find‘in herbarium'specimens),‘scarce or

absent from fertlle plants, rather unlformlln shape and

size, globose\to sllghtly elongate but rarely more than’
twice as ‘long as: w1de, never elongate and narrowly

b
vermicular, + abruptly narrowed to a unl (bl)serlate ,stalk,

,.a



mostly 70—l20—(l75)-um‘ in the longest dlmen51on, rather
. e - \ 4
uniform in color, typlcally yellow, but occas;onally

brown, espec1ally older propagula, translucent wlth 1 3—(5) :

: short pegllke leaf prlmordla present at th® apexp\the‘
' 2
primordla arlslng as short pegllke outgrowths, ne&er , S
as lamlnal appendages, sometlmes poorly developed often

¢

incurved over the propagulum apex, perlgonla bulblform,

SR

terminal on unbranched stems, consp cuous, perlgonlal
£ -
bracts long and narrowly acumlnate from an ovate, ‘concave,

= "'J }

+ red—brown base; margins + strongly toothed near the-
‘apex,tcOSta filling the acumen; perichaetia termlnal on
unbranched stems, + consplcuous, perlchaetial bracts to
ca. 3.0 mm. long, lanceolate to llnear—lanceolate, sometimes
‘t red at the base; costa- strong, endlng in the apex or 1- 3
.‘~cells below, medlan cells, on average, somewhat 1onger than
those of the vegetatlve leaves, often + 1ntrassate, to llO
um long, margins revolute from above the base “to- ]ust _v

~ ,
below the apex, toothed in the upper l/3 D101cous, sporo—h
phytes rather frequent 1n montane (but not alplne) habltats,
seta 1. 5 3 0¢cm long, orange to orange red capsules
p051tloned 95°-l45° from the vertlcal 2. ,0-3. O mm . long, )
's:short to + elongate pyrlform, often abruptly contracted to.
the well developed neck when dry, exothec1al cells longl— -
tudlnally elongate and + rectangular to 1rregularly iso-:

dlametrlc, 28 42 um- long, 13 34 um w1de, with strongly

51nuose walls, espec1ally when dry, less so when m01st

t
h



-

’-( edw ) Llndb by Andrews (19350;¢Later, Koch (1931,

281

- gradually to + abruptly smaller, less sinuose,:and«thicker

walled‘near the mouth less sinuose -and more. nearly 1so~,
dlametrlc 1n the neck gradually to. abruptly elongate-

rectangular just above the seta; stomata numerous in the .
neck phaneropore, (35)—45¥53—(60) um long; annUIiiwell.‘L °

s

fdeveloped of_2—(3)frows ofncells, remaining‘attached‘to

the urn or the operculum, sometimes separating irregularly

or rarely + revolyable; opercula conic and usually aplculate,
kexostome teeth 16, yellow to yellow brown above, sometimes

'darker below, lanceolate, + narrowly acute, coarsely papll—'

1ose in the upper 1/3, more flnely paplllose below; endo—"

)

‘stome,segments 16, hyallne, keeled “and broadly perforate,

!

cilia (0)=-1-3 between the segments, long, + nodulose,

sometlmes short; spores bacculate.to clavate,‘l3—l7-(2l)“um

Vv

-

”rNomenclaturef' POhlla camptotrachela was descrlbed (as;ﬁ-

rWeberal from Callfornla by Renauld and Cardot 1n 1886 :The..

name was also publlshed ln the Bulletln de la Soc1ete

botanlque de Belglque (27(1) 1886» ln Frenchh so that
s .

"jhaccordlng to the authors, 1t would aLso be more acce551ble

- o
to European bryologlsts After belng descrlbed in 1886

$

P. camptotrachela was placed in synonymy -of p. annot;nae

-suggested the name-P camptotrachela as a replacement for
pP. annotlna,vwhlch he ConSldered a nomen amblguum On_

'the ba51s of: culture studles, Lew1s and Sm1th (l977,_19§8)

B
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reported that p. Camptotrachela is a spécies dlStlnCt from '
P annotlna, and conflrmed its occurrence in the Brltlsh
Isles. My own herbarlum and culture studles’are\an agree—
ment with the conclusion arrlved at by Lew1s and Smlth

‘and P. camptotrachela 1s‘con51dered here.as dlstlnqg from
>P}fannotlna, both &¥ whlch occu; ln ‘North Amerlca.'

The 1sotype‘exam1ned from NY is a&notably‘depaupe te

spec1men conslstlng of a few stems w1th sporophytes and
'w1th some loose - propagula_w1th1n.the herbarium packet

’

These propagula are somewhat more*elongate than is typlcal

for the species, and approach those of p. annotlnavln
shape. The latter spec1es, however, is not known to occur
l,ln Callfornla, SO the type c1ted by Renauld and Cardot can
| be confldently cons¢dered to represent P..camptotrachela
Unfortunately, a spec1men from the Cardot herbarlum f
;(presumably in PC) h ’ not been made avallabLe to.me; SO
-pI’have chosen not téjgectotyplfydPr'camptotrgéhelavat: [
present » | |
;_lu In the protologue of é 'camptotrachela, Renauld and

' Cardot dlstlngulshed thelr new spe01es frombP .annotina by
-fllts longer, more curved capsule, and 1ts reduceddendostome
I flnd nelther of these’features to be con51stently dlag—~
u-3nost1c for P. Camptotrachela,bwhlch 1svdlst1ngulshable _JV
'from P. ‘annotlna solely on the ba51s of 1ts propagula |
d_“(See below) Both P annotlna and é camptotrachela some-';'

r

tlmes have capsules w1th well developed necks almost equal

B



" L 283
in length to the uxn,: resembllng those of e g. P. nutans

a

€™M

(but not SO orange) ‘I suspect that the reduced endostome
observed by. Renauld and Cardot was an artlfact resultlng

S

,from damage whlle collectlng;the plants c

iDistributiOnt- (fig ‘sé)gv In VorthgAmerica;'b.‘camptotrachela_
is dlstrlbuted w1dely in the mountalns of western‘Unlted »
States and BrltlSh Columbla_ Collectlons have been examinedys
vafrom Callfornla'(Inyo Co.l nort%ward 1n the Pac1f1c coast
mountalns to Port Moody, BrltlSh Columbla In the Rocky :
Mountalns, p. camptotrachela 1s known from Colorado
(Boulder Co. ) northward to Revelstoke, BrltlSh Columbla,v
’1n the Selklrk Range Non North. Amerlcan specrmens have
A been examlned from England France, Germany, and Scotland
_'and Lew1s & Smlth (1978)'reporte?\th;s spec1es.§rnm Sweden.
'Selected Speclmens Examlned | ﬁxSiccatifH,Eurobe;v"Bauer,F;
u'Musc1 Acro Bor.‘Amf 450'as B prollgeraFZQIN)f §O4has;

P annotlna (COLO), Mlck1ew1cz Plantae Vars Exs,ASGfas
'gra-ndi‘flora (BH) : Canada v Brltlsh CoJ_um‘bi‘a}:,_‘_R’eVé»l_‘-
Astoke Area,_Shaw 2818 (ALTA) Creston Area 300'ft..Soof jy | =
nf Kootenay Pass on Hwy #3,'Shaw 2744 (ALTA) Kokanee -
AGlac1er Pnpv ﬁ,, Esmerelda\Cr dTrail Shaw 2775 (ALTA)
AbU S. A : Calrfornla Inyo Co Mammoth Lakes Area, Weber
'1LB-34Z§8 (COLO) Duck Lake, Koch & Kocb 2215a (w1th P L

'proligera) (MICH) Tuolumne:Co., Sonora Pass Rd Nlagraft'

&



W, Wagnerf4356 (MICH). Eldorado Co Kyburz on Hwy 50,

Hermann»25502
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Cr. Cmgd., I.L. Wiggins 8977 (COLO) , MacFa&aen 21846 (CANM),

10 mi. (1 mi. = 1.6 km.) E of Longbarn on Hwy. lOS,»Koch»

2193 (MICH). Smocky Jack Cmgd ; Tloga Pass Hwy., Koch 1744
(MICH) . Near Sonora Pass, Howell H-118 . (CAS). ¥psemiteov'

Nat. P., Vernal Falls Trail, MacFaddenul7454v(COLO)u on-

Big Oak Flat RA., I.L. Wiggins C-53 (UBC). Yosemlte Valley, .

: Mulik‘8082'(CQLO). Plumas Co Bucks Ranch springy .

yround, 'J.B. Leiburg 5443:(BH) San BerLadlno Mountalns,

’VANorth Side of Bear Lake, 6990 ft r Muzz 5736 (BH) . Nuada

Co., Summlt owaonner Lake. MacFadden 9020 (BH). Placer
Co., Near Halg Tree fn Blg Tree Grove, Koch 3155 (CANM). - ~
Berkeley, near\C1aremon% Hotel E. Morse 28 (UC) . Siskiyou

Co., M t,.Shasta,‘Koch 15657C~ 157060 (UC)- Dunsmuir, A

. D. Riah;rdsf&ap{'proaet 1275 (MICH Shéara Co.; neaf Hat

Lake;, LaSsen'Nat':P‘,.Koch 1927 (MICH) Nevado‘CO;, Carr :

Y

x}ake, Koch 2020a (MICH) Calaveras Co lami; N of Avery

.

‘' Koch 2146 (MICH) Madera Co ,;mlddle fork of San. Joaquln‘
j~R,,rKoch & quh 2198a (MICH) Humboldt Co ’ near Groans

x'khole, 41°—5 N 123 29 W, Norrls 47832 (WTU) _ CoIorado-”

\B~Boulder Co o Rocky Mtn Nat P N shore of Sand Beach

I

COLO) NW Of Eldora, Hermann 24502

ffLake, Hermann §]936 (COLO) 2 1/2 mi. WNW of Allensoark

ni(COLO).,GiipingCo 5 km E of Corona Pass, shaw 2619 Jfﬂ* | Sib,

(ALTA);BPark Co-, North of Jefferson,.Weber, Por51ld &

"Hoimen,‘IQGO (COLO) ,,Idaho:_.ShoshonejCog,s9.m1, NE_oftr
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1

Wéilace, Hermann 22560 (WT@). vMontana~ Lincoln/CO.,"
Cablnet Mountains, Lelgh Creek, 6000 ft., Flowers 6671
¢ oy . '

'(COLO) Flathead Co Lake -Macdonald Trail, Gladieﬁ Nat.

P. Ireland 9953 (CANM). ~ Oregon: Clackamas. Co., Mt.
Hood Area,.above Timberllne‘Lodge,_shaw 2515 (ALTA).

MQunt,Hood'MeadOWSjSki area, Shaw 2539 (ALTA). Next to
. - _ .« , R

Salhalie Falls, shaw 2519  (ALTA). Union Co., 20 mi. SE Oof

" ‘Union, Hermann 18873 {(COLO). o Washington:

Snohomish Co: Mount Baker Nat. Por., 3.5 mi.ﬁéE of

‘Silvefton,vHermann 18520 (CANM). 0.25 mi. N of Barlow

v

Pass, Shaw 2332. 4.9 km ‘N of Sllverton, Shaw 2145 (ALTA) ..

East of Blg Four, Lawton 2432 WTy) Plerce.CQ., Srslope'"

of Mt Ralnler, 5700 ft Hermann 18562 (CANM). Earadise

Pofnt, Mt Ralnler, shaw 2396 (ALTA) . NW of SnnrisevPolnt

nooc

&

BH)(,KltlttaS Co. '32 mi NW of Cle Elum,,3000 ﬁt

o Hermann 22699 (CANM); Mount,Baker Area,_Shaw.2295 ALTA)

o

_Slgnal Mountaln,ySummrt road,,?ZOO,ft,,gsnaw'éioad(ALTA);

L
“og

ar , - - . _
. Pohlia tamptotrachela can be characterlzed by l) its

eispreadlng to erect spreadlng,_dull green leaves Wthh

";fclusters of yellow to. brown, globose, ax1llary propagula

é

:x_hav1ng 1- 3 (5) poorly formed, pegllke leaf prlmordla

tonﬁMt Ralnler, Shaw. 2454 (ALTA) Mount Ralnler, Andrews 9

delng Co NW of Stevens Pass, Lawtnn'4898j(WTU)--‘Wyomlng: '{‘

Teton Co., Bradley Lake Trall 00 ft ; Shaw stg.n(ALTA).;

'}‘typlcall% lack any hlnt of a sheen, wet or dry, and 2) its S
. ) , >

&
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The bropagula of p. camptotrachela are notably uniform in
_ both color and shapeﬁdin contrast to those of.such other

species of the.propagubiferous complex as p. annotina.,
¥ o - -
The propagula arlse in dense, ax1llary clusters,,’nd are’

Q

yellow green to green when very youngd,. Later in. the grow1ng
‘season, the propagula are ofteﬁ’@nlformly translucent—
yellow, although they sometimes become brown w1th age

(although Stlll translucent) They are con51stently

globose'tqoshortly oblong (flg 58), and the cells ‘of. the

Al

propagulum body are always roughly 1sod1ametr1c “The aplcal

/

leaf prlmordla arrse as short, Reglike outgrowths, and

rarelyaelOngate or become verly conspicuous( often being
'{incurved over theaprppaqulum apeu\(fig. 58: 6, 8)! When
. examlnlng stems Of,‘ P. camptotrvac'h:ela under a dissecting

.microscope, the propagula appear +w lack primordia altoe~
../

":/ gether, although tgey are con51stently present They doif

?

: ; )
,not contlnue de;7ﬂopment after thelr 1n1t1atlon,\25ually

and Smlth (l978) '1llustrated old largey mOre‘bulblformv

%

occa51onally encountered 1n the lower leaf ax1ls of plants.

- 1n the BrltlSh Isles I have not found such forms 1n North

-faAmerlca, where the propagula are 1nvar1ably small and

Lo

9densely clustered For some reason, the propagula of

N

North Amerlcan plants do not grow to thls same advanced

286

¢

o

remalnlng as unfcellular- outgrowths,.never becomlnq con— L

' rsplcuous and lamlnal ( f:'P. annotlna, flg,_54y, LerS },T-

"v'propagula ofvp; camptOtrachela,‘wthh they said'aregl, R

S



.

stage of ‘development, .although” otherwise thé .species is
clearly the same on - both continents.. A similar situation
: ’

>
e
ey |

v ;-
has been noted w1th respect to the propagula of P, .- anno-

Atlna (see/pp

Although the leaves of P. camptotrachela are almost

¢

- 1nvar1ably dull a. few spec1mens have been eXamined_which

had a dlStlnCt sheen to their leaves However,"inyall other-

(4

respects, 1nclud1ngfthe propagulam the specimens agree

closely w1th P. Camptotrachela, and this is presumably an

uncommon env1ronmental modlflcatlon ot
4

fonlia camptotrachela is very 51m11ar to,‘and probably

hd
Py

most ,closely related to b. annotina. BothvspeC1es~have'
dull leaves, and have the pellgonlal bracts abruptly long“

acumlnate from ‘the. ovate base, glVlng the perlgonlal

plants an- almost 1dent1cal aspect (fig. '53: 15, 16; 57:.17,
18)} Although 51m1lar 1n most morphologlcal features,.thev'
two can usually be readlly dlstlngulshed on the ba81s of

propagulum morphology ‘The’ propagula Of_P. annotina are“
i

quite ‘variable in color, but are'rarely‘tranSlubent—yellow;
" as 'are_{ those of P. camptotrachela IThOS'e of p. ca«gzpto—'

trachela areﬂsmaller (mostly -ca. 120 um 10“9) COHSXStentlY
globose or only sllghtly elongate, and are more or leSSrf

h abruptly narrowed to the stalk In contrast those of

‘;b. annotlna are larger (mostly >l75 200 um ), extremely
: -‘D- ‘ L v

varlable 1n shape, ranglng from shortly obconlc to elongate

_ and narrowly subllnear or sometlmes oblong and bulblform,
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B and are gradually narrowed to a shorter, less consplcuous

stalk. Furthermore, the leaf prlmordla of p. camptot{achela

~ e

propagula are short pegllke, ‘and often 1ncurved ‘whlle
:those of P annotlna are more.elongate and flngerllke, _ ’;
'erect, and often, become more or less lamlnal on old
'propagula (see under P annotlna)f The twoaare,quantltatlveﬁ

ly compared in flgure 59 Note that p. annotlna is: much
. ‘i

more varlable in all characters compared Sometlmes

e

'spec;mens are encountered in whlch propagula seem to Be
‘absent, and although a few can usually be found loose in,

the herbarlum packet, when thlS is not the case, 1t 1s

difficult or-lmposslble to dlstlngu1sh P.»cbmptotrachela

from P. annotina. S ’ ,. B R e p
Co o S ' oo ' .
% Pohlia Camptotrachela,.P; annotlna, and the European e

-P._muglderman511 seem to form a subcomplex w1€h1n thel"
Qbropagullferous Pohllas“ They are all slender, dull

plants, and I am unable to confldently dlStlngUlSh them

L

'1n the absence of propagula The other spec1es of the

.

North Amerlcan propagullferous POhllaS are eaCh usually ;f'.fg,_

: 8

dlstlngulshable in’ the absence of prgpagula by a comblnatlonvlf

fof features 1nclud1ng 51ze, plgmentatlon, leaf sheen and o

fshape of the perlgonlal bracts, but 1n al the e features,:

P, camptotrachela, P: annotlna and P muylder@an511 Seem

tovbe 1dentical»( ~have not seen ma e lants ofpthe last

fspeCies)= Thls morphologlcal 51m11ar1 probably reflects

'phylogenetlc afflnlty,‘but in splte of-. th s close -
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mofphological similarity, propagula of the thrgeuspecies
are distinct in hature, and remain distinct (in fact, théy
often become more diétinct) in culture. Perhaps the species
P. camptotrachela, P. ;}qotina and P: muyldermansii differ
somewhat in their precise\biologi??l meéning.as compared
to other speciés iﬁ £he'propéguli£grous complex, which'
\é;e more distinctive morpholoqicaliy, but I feel that they

Q

warrant being treated at the specific ievel, at least for

Y

now. Although intergra@ation between P. annotina and P,
camptotrachela is rare, a fgw specimens Of the latter
species from Falifornia have been examined which had the
propagula somewhat mo;e"elongate, with the leaf primordia
erect and more prominent thaﬁ is typical for P. campto-
trachela. It is almost an arbitrary decision to name such
plants one species rdther than the other, but I interpret
them as aberfant forms of p. camptétrachéla, and do noﬁ
credit p. annot{n? to -the state of Califorﬁia. Poh%ia
camptotrachela aﬁd'P. annot ina appeﬁr to be distinct alsé
in Gréat Britain (LeWiS«and Smith 1978), sé that excluding
the possibility that one of them has arisen polyphyletically
on the two thtiiéﬁts, this is evidence that they have
_been distinct for some time (I think that réceht,flong
disgance dispersal is an,dnlikely.explanation for theirv
ihtercogtinental distribution). |

 ‘Pohiia camptotrachela has propagula which may appear

similar to those of p. andrewsii, but these two species

N

N
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have geographic distributions which do not overlap. See

-under pP. andrewsii for a“morphological comparison.

v ‘
9. Pohlia proligera (Lindb. ex Breidl.) Lindb. ex Af;%, Bot.

Not. 1894. 54. 1894.

Webera proligera Kindb., Forh. Vid. Sellsk. Christiana

1888(6): 30. 1888. nom. nud.

Webera proligera Lindb. ex Breidl., Mittheil. Naturwiss.

Ver. Steirmark 28. 1891. Type: "Bei Schwanberg: Trager .

Wald 370 m, (!) Abhang der Koralpe 7-800 m.; Hitzelberg

bei Mixnitz 5-700 n?/(!); bei Wenigzell (!) Vorau (!) und -
- .
Bruck a.d. Lafnitz.! 6-900 m. (!j; Hilmberg bei Friedberg

L
(1) und Glashuttengraben am Wechsel 800 bis 900 m.; bei

Rettenegg 870 m. (!); bei Krieglach (!) und im Veitsch-

graben 7-800 m.; bei Leoben; Burgerwald und Schladnitzgraben

7-900 m. (1), Hochalpe 1640 m. (!); bei Judenburg: Murwald

700 m. (!), Feeberggraben 8-900 m. (Jur., B.); Wenzelalm-
kogel 1900 m. (!); am Fusse des Kreischberges bei Stadl
900 m. fr. (!); Turrachér Hochalpe 17-1900.m. (!). ..., am

Krahberg - und Steinkarzinken bei'Schladming bis gegen 2000
m. (f); mit fr.: Schupfenberg bei Oblarn 12-1406 m. {Lecto-
ﬁype: GzU-Breidler !), Kraggau-Eben 1200 m., (!, isosyntype:

H-SOL!), am Rainweg‘bei Schlédmﬁng_800 m.. (1). Inder kalk-

und Grauwackenzone, in Tragoss: an der Hieselegger Strasse

© 1000 m. fr. (!, Isosyntype: H-SOL !); auf der Neuwaldalm

14-1500 m. fr. (!)" (unless noted,all specimens are in:
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GzU-Breidler) .

Webéra.annotina var. proligera (Lindb. ex Breidi.)‘Bryhn,
Nyt. Mag. Naturv. 32(3). 124. 1892.

Webera annotinalssp. proligera (Lihdb. ex Breidl.) Amann,
Rev. Bryo{;;?O: 43, 1893, o

Bryum proligerum (Lindb’. ex Breidl.) Kindb., Eur. N. hm)

i

Bryin. 2: 384. 1897. | -

~

Plants medium*size'to robust} forming small, écattered
‘populationsjor occasional extensive turfs, glossy when dry:
stems 3-15-(25) mm. high, green above, green or sometimes .
red to red-black at the base especially when dry, simple
or once innovating at the pase whén éﬁéfile, simple or
oqcasionally once ignovating below the perigonia when
fertile; léa&es erect-spreading to spreading and often
‘soméwhat flexuose buﬁlrarely twisted wﬁen dry,_spreading
to erect-spreading when.moist, 0.7—1.2—(1.3) ﬁmjllong,

0.3-0.41?

0.5) mm. wide, ovate-lanceolate to narrowly -
lanceolate, acute, shortly decurrent by'i—B rows of linear-

rectangular cells, sometimes not-at all decurrent; margins

' plane, toothed in‘the°hpper';/2-l/3,‘engire or sometimes

A

subentire "in the lowér 1/2; costa ending 2-4 cells below N
the apex, green in young leaves, green to réd,.red¥brown
. or rare}y black in older ieéves; upper cells 1ineéf—rhombic‘
to lihear-rectangular; usually»verﬁicular, thin;Qaiie§§?

(50)-65—904(110) um long, (6)—749—(11) um ‘wide, often

)



with this complete range /of dimensions present on a single
j -
leaf, somewhat longer and narrower in a poorly defined

. P A
.single row along the margln, rectangular near the base,

3—6:1; asexual propagula abundant as a dense, almost

felty layer in the upper leaf axils of sterile shoots,

‘rarely scarce on old stems, scarce or absent when fertile,

arising in clusters in each leaf axil, rather unlform ;A
/ -
shape, oblong llnear to linear vermlcular, gradually

/ *

'éfb,‘

ot

narrowed to a uni- or blserlate stalk mostly 150 300-(450)
um long, but rarely only shorter, broader propagula present
/

on old shoots, green when young, vellow to gold orange

or sometimes red/when older, translucqnt, wlthxéQZ peglike -

leaf primordia &t the apex, often (when‘single)vbent at

an angle'to thé propagulum body, the leaf primordia arising
as unlcellular, fingerlike " outgrowths, rarely becomlng 3
cells w1de at the base, perigonia bulblform, termlnal on

/

unbranched stems or the stems once lnnovatlng ]USt below

“thelperlgonla, perlgonlal bracts aerptly acute to +

gradually acumlnate from an ovate, concave, + red- brown’

base, marglns sharply too~9ed near ‘the apex, sometimes to

just above the shoulders, costa fllllng the narrow. acumen, ’

‘perlchaetla terplnal 1nconsp1cuous, perlchaetlal bracts

{
to ca. 2.6 mm /&ong,'narrowly— to broadlv lanceolate, often
red at the base, costa ‘strong, endlng in the apex, medlan
cells on average -somewhat ~longer than those of the

vegetatlve leaves, to 125 um  long, thlnewalled; margins:

&
o,

f ' 3 | 292
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+ recurved from above the base ta just below the apex,

toothed in the upper 1/3. Dioicous; sporophytes infrequent;

;-

seta 2.0=3.0 cm. long, orange to orange-red; capsules

" positioned 90°-150° from the vertical, 1¥5-2.5 mm. long,

_shoré;nto ; elongate—pyrlEOrm,‘wlth a well developed.neck
whlch'is i‘shrunken when dry; orange td orange—brown when
: mature;’exothecial cells-longitudinally elOngaté and +

rectanqular to 1rregularly isodiametric, mostly 25-55 um
‘lonq, 13-23 um w1de, with strongly sinuose walls, espe01al-

ly when dry, less so when m01st, + abruptly smaller, less

sinuose and sometimes thlcker walled at the mod@h less
srnuose in the neck gradually elg;gate rectangular just
above” the seta; stomata numerous‘ln the’ neck, phaneropore,
(32) - 5 40 (46) um long; annuli‘well deueloped of‘2—(3).x
rows of cells, remalnlng attached to the urn or the
operculum, sometlmes separatlng 1rreqularly or rarely +
revolvable, opercula convex to conlc, aplculate,vexostome
teeth 16, yellow to yellow brown above, ‘'sometimes darker

.below, lancedSate, narr wly acute, coarsely paplllose in:

the upper l/3, more finely paplllose below,‘endostome

segments-l6 hyallne,f celed and broadly perforate, cilia

(0) l 3 between the segments, long, + nodulose, rarely

short; spores baqulate, (15)—16—19 (23) um. chromosome ,

jnumber N=ll,(Ramsay 1969 - voucher;notvseen).fﬁ‘,' . SR

i
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Nomenclature- Pohlla prOllgera was flrst distinguished

‘Conceptually by S.0. Llndberg as Lamprophyllum (Pohlia)

annotinum var. micans (in .scheda !). Although several
specimens dating fromlas’early as lé%l‘(Stockholm in~””,agﬁ
Solna-jkogen, 26 Sept. 1861, leg S.0.L. !) bear ‘this

varletal eplthet, the namée was not published, to my

&

knowledge. In theA188O's, J. Breidler began to send

’

Lindberg spec1mens labelled Webera annotina from Austrla .
in connéction with Breldler s upcomlng moss flora. Whlle
- .

some such specimens were actually.P. ahnotina'(and were"’

so named by Llndberg), others belongedrto the taxon sub—

'Sequently dlstlngulshed by Llndberg as p. proligera. By -

1887, Llndberg (with hlS son Harold) had colleoted P.
proligera~1nvNorway (Tronfjeldt, Osterdalen') andvlabelledf
"the Specimensbp prollgera n. sp (in scheda) The name
hWebera prollgera flrst appeared in prlnt in l888 {aS'a
-_nomen nudum) ln ilndberg S Enumeratlo Brglnearum Dovrenq}um
In 1891, Breldler (1891) prOV1ded a/descrlptlon for the
%spe01es, (as Webera), and acknowledged Llndberg (1n lltt )

for recognlzlng the plant as new, and for suggestlnq the

:1dep1thet The author 01tat10n for thls spe01es 1n Webera}

1s then W prollgera Llndb ex Breldler, and lg\\valldatlon,'

_dates from Breldler s publlcatlon,vas was noted by

Isov11ta (1n lltt ), and Lew1s and ‘Smith (1978). Breldler .

_ 01ted a large number of syntypes in hlS protologue,‘and

A:thesélare mostly well preserved in- hlS herbarlum in GRAZ (!),_"
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.~ Also on several herbarlum sheets 1is wrltten a note saylng
Webera prollgeta Llndb ®* V. annotina var. ‘mlcans Llndb
? olim." Shortly after Breldler S, publlcatlon appeared
Bryhn (1892) -and Amann (1893) reduced w‘ prollgera to 4
\varlety’and subspec1es respectlvely, under W. annotina.

l 5 . .
Arnell (1894) made the comblnatlon Pohlia prollgera 1n
1894 glVlng Llndberg (in lltt ) credlt for the comblnatlon;

‘such that the correct c1tatlon should be/P proligera

_(Lrndb. ex Breldl.)‘Llndb. ex Arn.

Distribution:' (fig. 60). .Numerous spec1mens of P prollgera

vhave been examlned from the northern and mountalnous reglons -

of North Amerlca In Alaska, P. prollgera has been collected

from Pt. Barrow to the southern coast In the Rocky Moun—'

j-talns it is conflrmed from the Brooks Range .south to

Q .
.Colorado, but no spec1mens have been seen from Arlzona

,_'New Mex1co or Mex1co POhlla prollgera 1is llkew1se dls—'
.trlbuted w1dely in: the coastaJ mountalns from southern <
'Alaska south to Callfornla,‘and no doubt addltlonal .

a collectlng 1n the Slerra Nevada Cascade Ranges w1ll flll

'S

ﬂfln the gaps of: 1ts known dlstrlbutlon 1n Callfornla and

Oregon» Collectlons have been examlned from scattered

flocalltles 1n the Northwest Terrltorles and Greenland

and the spec1es seems to be not uncommon in- the southern

:marltlme prOV1nces A few. collectlons have been made 1n~' S
. SR
r'New York and New England and 1n the mldwest PA prqglgera o
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. is known from Michigan, Wisconsin and Illinoss. Non ‘North

\

" American spec1mens have been examlned from Austrla," t
FCzechoslovakla, England Federal Republlc of Germany,._
-Greenland Italy, Vorway, Poland Sweden and the Kola

\Penlnsula, U.S.S.R. L

“ivselected Specimenstxamined: EXsiCCati Severa] ex51ccat1_

“,sets which contaln more than one Spe01es 1n mlxture or

whlch dlffer E?om one herbarlum to another have greatly
confounded the taxonomlc uncertalnty already surroundlnq
the propagullferous Pohllas Wlth the hope of clearlng up

a few of the confu51ng problems surroundlng some such

cases, I. 1nclude here a brlef dlSCUSSlon ‘of several

crltlcal ex51ccat1‘spec1mens

H0121nger, Musc1 Acrocarp1 Borea]1 Amerlcanl et Europael 663

s

SR * o
as,p. prollgera : ThlS number of H0121nger S ex51ccat1 ‘was -

-4

",dlstrlbuted in. 1929 (Sayre ]971) In the Bryologlst kBéyfi
‘:a61)_of 1929 H0121nger wrote that No 663 is. not p. :broll-d ég@’
'igera and promlsed a further note Shortly thereafter o
bbfollow1ng H0121nger S death 1n 1929 Andrews (1929) proeﬁh-
';V1ded the further note (51nce he had determlned H0121nger s,
;Anorlglnal spec1men for the ex51ccat1) 'Andrews (1929) wrote

o that he had reexamlned a- spec1men of that number and

&

';ffconflrmed that 1t was 1ndeed P prollgera but‘offeredh»,f

L Reference to thlS llterature was prov1ded by H. Crum on :

he ex51ccat1 spec1men of thlS number 1n CANM.

T e R I S e
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'no‘eXplanation.for Holzinger's original note. In 1930,

5

Andrews further‘discussed'the problem and said that he

had just received a letter which'LoeSke'had written to

Holzinger dated 20 May 1929 (Mrs. Holzinger had sent the

letter to E.B. Bartram after her husband's deathy and

”'Bartram.sent it to‘Andrews).'In‘that letter, Loeske,told

wHOlzinger that his (Loeskeds) specimen ofgno._663”was‘

¢

P. drummondii (as P. commutata), and included no pP. pro-

-

llgera; That was the reason for Holéinger's (J929) first ok

‘communication Andrew S however, sald all the dupllcates B

@

'that H0121nger s no: 114 agrees wrth authentlc European

he had seen were P prollgera Loeske (1930) then publlshed

a further note saylng that hlS spec1men was: deflnltely

-

P commutata,(w1th propagula) and suggested that "the -

" materlal must have been mlxed by the collector or, better>

sald by nature " Of the speC1mens Wthh I have examlned
(DUKE NY MO,,M;CH WIS, CANM BH MINN WTU COLO), all
.are P prollgera except for that at the last c1ted herbarlum p
(COLO); whlch 1s~P. drunmondll._F A MacFadden,“who o |

collected the ex51ccat1 for H0121nger, must have acc1dently

. plcked up just a b1t of P drummondll 1n mlxture w1th the»

"prollgera COncernlng another of H0121nger s collectlons

'«.1(_ ll4 of the same exs1ccat1, as P prollgera), Loeske'-5

l'sald that H0121nger had sent a. speCﬂmen to Klndberg, who

pronounced 1t a new spec1es and asked H0121nger to descrlbe -

it Fortunately, Holzmger decllned and LoeSke added



specimenS-of p. prollgera llke one egg for another I
.qulte agree w1th hoeske
"Allen, MoSses of the Cascade Mtns. no 54 as p.. prollgera
‘Lawton (1971) noted that thlS exs1ccat1 number 1ncludes |
o both P. prollgera and P; annotlnawln,most‘heruarla; I can
offer‘the_following observationsldln'H, No 54 ‘is comﬂletely
”é,'prbiiger;.»iﬁ UBCi”Nf -MO*'MICH and COLO spe01mensA
'“are mostly Pv annotlna,.but 1nclude a few shoots of P

proligera. The spec1men in US is mostly P. proligera ‘but

vlncludes a few)shoots of p. annotina. . 5

-

Ll
LW

Macoun, Canadlan Musci l62 as w. annotina ThlS ex51ccat1 o Sk
'number 1s by far the most heterogeneous ‘and. confused of
’any I. have encountered Sayre (1971 129) dlscusged some

of the cr1t1c1sms Wthh have been leveled agalnst.Macoun

1 mand Klndberg s bryologlcal act1v1t1es saylng partlcularly

"that thelr herbarlum practlce seems not "to haVe BEen

l_suff1c1ently scrupulous On the ba51s of Canadlan Mu501

'l-ﬁ «

no;’l62 I would say that Dr Sayre was: belng klnd

':l.d“'_"; Lo

”\say the least The follow1ng are those elements I have so'- L
‘ 1 ‘ ,g R

7,

R

ffar encountered under no '162 WIS P}:annqtlna, MIN
P.'filuvm'; H - P./'nut‘ans, MO - P. pz"o_l"ig_era,; US - two
".specimens, one spec1men 1s p. 'wahlenbergii,.and the other

is"p: prollgera S

”*North Amerlca Allen gosses of the Cascade Mtns 54‘as“‘

'4" .

.,prollgera le (completely), COLO MICH, MO “usc, US (1n“,'

part),‘Bauer, Musc1 Europ et Amer. Exs l736 as P 'prollgeraf
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’(COLO MINN WTU) H0121nger, Mu301 Acre Bor ~-Am. 114 as
W. prollgera (COLO DUKE H, MICH MIN, MO US MINN NY

.
- US, WTU); 663 as p. prollgera (BH, DUKE, MICH “MIN, NY

-

WTUf; Macoun, Can. Musci'l62 as w.,ahﬁotlna (NY, MO, US);
463 as W. proligera (CANM - in parts; Macoun, Flora’Can.
b'bl93,as Bfrannotinum"kCANva 1117 as B 'annotlnuh (CAS)'
Ren. & éard.,_Maeci Amer; Sept. Exs. 379 as w. -prolléera. :
(MIN:).> %urope:a'BaQerj MdsciAfur..Exs 1099a ae\P.l“ |
.Preligera,(WTU;‘FQ COLO),QBauer,.Mﬁsci Eur;”er Amer; Exs;
177Qa”a$:2,aprelraera (MO, WTU) i776b,aS_P.'broligera‘-e
v'(MOf‘WTU)72026fas P. prollgera (wTU’ CANmﬁ;'Bfathgtué,;
~Bryo£havFehn 46 as P prollgera3(BH F),»Cryptogamae

3771 as w annotlna'(US COLO MO - all in part),
.”Hartman, Bryaceae Scand ‘ xs. 14 as w. anaotinav?gH COLO),
vHusnot Mu501 Galllae 873 as .p. proligara (F BH) h@psch
7 fBrerh;_§axon1ca 24laas;P;»;rajigera](ﬁ){ Llsowsky, Bryoth
'polbnicah73f3as é;.prollgera (CANM;:USff 509 as P. prol;gﬁra,

,;(U) Mlgula, Crypt Germ Aust. &’Helv‘ Exs. 250 as'wﬁ

b'ebprollgera (BH MICHN MO UBC US) Pllous, MUS01 ngbh EXS

:519vas P~ prollgera (F), 1135 as ‘P. prollgera (F 'US);-

: 1048 as P prollgera (BH) Canada.v Alberta Grand

i

Cache area, Beaver Dam Cr., Koponen 23784 (H) Ft McMurray
.7areay tarsan&’bank along rd leadlng to Horse. Rlver,:r

';Douglas & Peterson 5145 (ALTA) Wlllmore Wllderness area,‘
'a“8 3 ml (ljml. #-1.6 km ) W of gate 1nto park at Rock |

erake, V;tt If988'(ALTA)_ Jasper:Natlonal'Park; MallgnekLaker
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‘area, BFld Mtn. Trail?/shaw 5836 (ALTA) . SignalfMtn, Trail,

. Shaw 2990 ALTA) »~Onoway area, 3 mi. E of Onoway alongg

the Sturgeon Rl er, shaw 1424 (ALTA). Trail from Waterton

'Lakes to AldersonlLake, Crum & Schofield 5877 (UBC). .

“

R v ‘. \4‘ : .. . . . . .
-Mountdin Park area, 22.2 mi. S.of Cadomin, vitt 10979

[

 (ALTA) .- British Columbia}"sanden, MacFadden 754,(BH).

Mi. 84 (1 mi. =.1.6 km.), Haines Hwy., Crum § Schofield

&

.. 9157 (CANM). Glacier,Nat. P., along Avalanche Crest Trail,

e

; Westmorland Co lZ.ml SW of - Sallsbury, Ireland}13553ﬁ

shaw 2153 (ALTA) 'Revelstoke area, 10 mi. 'S of Revelstoke
. [ . -

iat Blanket Creek cmgd ’ shaw*2193‘(ALTA);,Manning.Prov.

?

P., Shadow Falls Trail, Shaw 2267 (ALTA). Nelson area,

Kokanee Cr. at.Redfish-cmgd;,‘Shaw é7§8 (ALTA) . “Thbrader:.

&

'chﬁichhill Falls area,,53°36'N 64°19'W, 'Brassard 7203

4(NBLB) Kalpokok Bay, v101n1ty of ﬂﬁkee Raplds Camp,

' Brassard 11677'(NFLDJ ' Ontarlo. Thunder Bay dlstrlct -

f’)

{

S of Upsala, Caln, 1944 (BH) Algoma dlstrlct sharpy'l960

(TENN) New Brunswfckl 'Restlgouche Co. 1. 5 mi, § of
. . G - P

BE, Jean Baptlste de Resthouche,*Ireland 14524 (CANM)}’“

(CANM) . Newfoundland' Ryan s Brook 47 52'V 59 14! W,
. . ,:7 -

Belland 354 (NFLD) Blscay Bay, Ferryland qumikoski“358"

L

' ‘(H); Ha Ha Bay, Tuom1kosk1'3698.(H5, Rattllng'Brook,.

Brassard 11039 (NFLD) l Northwest Terrltorles 7Mackehzié

'Mtns Llard Range,»NW of Sawmlll Mtn Vltt 20588 (ALTA

Ellesmere Isl ,'5 km- S of Tanquary Camp, Brassard 33l8a {;

IS

. _(NELD) Island of Sllumlut, Hudson Bay,'HcCartney AB 1/2

Y
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.]Coiaradg E Pltkln Co., ca. S'mi: E of Aspen on Hwy 82

3

3

(MIQH). Mouth of Copp%r River, Steere’10772 (NY) Great

' /

Bear Lake, NE 1p of Hornby Bay, Steére 10506 LNY)

701705 (H). Iles- de la Madelelne, lle d'Entree, sloover,
1968. (NFLD) . Gaspe Nord CrUm 5 Wllliams 10654 (MfCH).
- Gaspe, Mt. SaintevApne, Fabius 5210 (BH). vukon: Mile

1022, Alaska Hwy., thtle Bear Cr. [ Crum & Schofield 8960

(CANM).. Hunter Creek, Macoun 179 (CANM) Hess\Mtns, Rogue

Range, rmefaldﬁLake;jVitt 23555 (ALTA). Gribbles Gulch at

{ '
=mlle 120 on Halnes Hwy Vltt 12753 (ALTA) . Dezadeash

Z

Lake,-Vitt_lQ7l6 (ALTA) . d\s A. Aaldska: Pt. Barrow &

(NY) . Bettles, Koyukuk RiVer,‘Sherrard 25-6 (CANM).lMt.

o]

MCklnley reglon, Katlshna, Sherrard B 44 (CANM)‘ Thum Bay,'

T

°Knlght Island Everdamf740 (BH) Harrlson Bay. Quadrangle,_‘“

: Natlonal Petroleum Preserve, Murray 77 -874. (ALA) ’grooks_’

) @
Range, Anaktuv1k Pass, Steere, Inoue & Iwatsukl 67&.(NY).

i Callfo:nla:' Slsklyou*Co. Mt Shasta, Koch 15657C (UC)

dLassethO’ N end of Butte Lake, showers 3617a. (MICH)

LA ’9

‘vioinity, Steere 16357 (NY) . Meade'RiverACamp,vsseere-13794‘

1
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" Quebec: Nouveau- Quebec environs de Puv1rn1tug, .Bournerias

L

'Shaw 2548 (ALTA) Gllpln Co., 20 km W of Rollrnsvrlle on

'AE of Netherland on Hwy 119 shaw 2665 (ALWA Grand Co., B

B 1/2 mi. N of Grand Lake, Hermann 26605 (COLO) : Idaho

SN

’Glbbonsv1lle area, 3ust S of Lost Trall Pass on Hwy 93, s
5 .

)QShaw 27lﬁ (ALTA). Adams Co , 4 ml,‘E»of,New Meadowsg :

‘vCorona Pass Rd > shaw 2603 (ALTA) Boulder Co lO ml.'
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Hermann 20271 1,2 (US). Illino'is : ‘Lasdlle '_COL:}.’,v Starved -

[

‘Rock St.,P., Redfearn,29144 (SMS). Hichigan: Alger Co:,
Train Bay, Sharp,.l955 (MICH) . Luce Co., Upper Tahquamenon

Falls, crum, 1966. (MICH). Keweenaw Co., Near Copper Harbor,lp'

: Steere, 1935 (Mngj.fMarquette CoL,BShQre of ‘Lake BuperiOr,
Hermamgn 28528 (DU‘KEv)'. 'Minnesotab‘: L‘amoil“]'.-e Cave., H_ol.zrl:inger, o
'l894 (MiN). Cook Co., just N of Grana Marais on Lageg -
-Sﬁgerior, BOWers;716 (MIN).- Montana: ‘Lincoln‘Co., Cabinet.
thns?,'Floqers_6671 (COLO). Teton-Co., Phelos'Lake frall-l

IS

Canyon, -Osweld 1384 (COLO) . New York: Essex‘Co.[ upper Ty
. -() . Co

'slopes of Mt Whlteface, Smlth 49707 (NYS) ~Vermont

[}

Wewfane, Baker Brook Gorge, Andrews,_l936 (BH) ‘Waéhingtohi‘

/’_.'vy o ) ‘ -; o
-Snohomlsh'Co;,Mt. Loop Hwy.,:O.ZS.ml. N'of Barlow’Eass, RSN
- : . . : .

Shaw 2337 (ALTA) Pieroe Co., Mt. Ralnler area, Shaw 2444‘

(ALTA) Skqﬁknla Co. st. Heiens drea, Shaw 2501 ‘(ALTA) .

B 2
~ 5 foota

Wi 'scohsur Grant Co : near Patch\ Grove, Cheney 12459 '
: £ o) - o o
(WIS». Barren Co. : along Vermlllon Rlver, Cheney 5114 (WIS) .

?

%;chland”co Rockbrldge Park Nee 13182 (smsy.;vﬁgpmiggs‘ -;i\!i“"

. o SRR B ,
. Teéton Co. :'Teton Nat P - Bradley Lakecmrall Shaw]?702 '

(ALTA) Yellowstone Nat P ' Crescent Hlll, Conarg‘ 1953
'(CANM) Albany Co. Centennlal Valley, Nelson. 1723 (WTU) ,b

Pohlla pro&zgera 1s almost 1nvar1ably an e351ly

dlstlngulshed)spec1es chalacterézed by its l)C lossyv.

AN \

leaves and 2) llnear verm.cu ar, clustered ax1llary;

'ffpropagula w1th one or two pegllke leaf prlmordla Tﬁeu,

¢

'propagula of B. prollgera are nota\ly unlform 1n shape,
i ! :

5 TR
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being cohsistently narrow and linear-vermicular, not
becoming large or bulbiform on old stems as do the pro-

pagula of some species such as P. andalusica Or P. annotina.

Several populations~in Alberta which have been under

. observation from September 1977 until October 1979 have
failed to produce large, bulbiform propagula at -any seasoh\
of the year, andﬂsamples growmn in a gréeﬁhOUSe have like-
wise falled to exhibit any substantial degree of develop-
mental varlatlon in morphology In late sprihg (early June
in Alberta), young shoots of p. proligera have a dense, ’

‘feltlike, seemlnglyﬁbontlnuous layer of‘green, vermlcular

: propagula among the upper leaves. These propagula obtain
their typical .shape (e.q. fig. 62: 9) within a week or ‘7’
two of their initiatioh on young shoots, and usually do
not develop further durlng the course of the grow1ng
season. In thlS respect, propagula of P. proligera can
be described as determlnate in th%%g growth The same
\populatlons observed in July or Aﬁgust have very 31mllar
propagula, although they may have become golden or red in
color and slightly fewer as some have become dlsattached
and have fallen to the ground. Observatlons in September,
October, or up until the first snowfall have, in- every
case, ‘confirmed the morphological stability of propagﬁla
doring the course of a complete grOwingvseasonf Shortly

" after the snow has melted ih»the following spring, it is

v .- possible to continue observatfohs on the same populations
/ : .

P i
3 RN
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- f ' | " .‘ .
before any growthvhas begun dur‘Fg,that currént season.
dld stems of tﬁe previous year then have-few propagula, “
andbthese are almost always distinctly red*transiucenﬁ
at‘this stage. Eyen these propagula, however, have faiied -
to continue dro;th; and fall within the morphologicalv
range il{ustrated in figure 62. Sometimes‘théﬁrelafiVely
few propagula preqent-g§~this time of year are prédomiﬁantly
short and oblong—linearm(e.g. f%gl 62: 3), rather thén
narrdwly, linear—vermicula;'as they are wheh in dense,
frésh clusters on.ﬂéwly formea shoots (e.g; fig. 62:‘16—
22) . These field.observations are in agreement with ongoingw
iculturé studies, and also with extensive herbarium Studies
in_which the'propagula qf P.» proligera have been foundyto.
be very uniform in morpholé§y. However, I shoﬁld add that
this nonvariability couldzbe a function of shoot growth
phenolqu, énd théﬁ populations growingjat lower latitudeé
(if they be found), may havepdifferent phenologies and
 déVelopmental pathways and, ;onsequentiy, different patterns
of morphologicai_Yiriability. f |

Of the épecges with clustered propagﬁla, P. proligera,
P. bulbifera, P. andalusica,.P. tundrae and P.Jandréwsii
ﬁave’leavés»with a distinct gloss when dry..The bulbiform
propagula of p. bﬁlbifera.and P.-andalusic§ easily dis-
tingﬁ;sh theée two species from P. proligera, and they

have rarely been confused in ‘the past. For the character-

istics distinguishing P. tundrae from P. proligera, see
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‘under the §ormer species, and to distinguish P. proligeéra

from P. andrewsii)» see under thé latter species.

A

Pohlia annotina and. P. camptotrachela arewmorphologiCal—_

ly similar species with c¢lustered propagula and nongloséy

[o]

leaves (see also discussion under P. camptotrachela). With

very rare exceptions, these species are readily distinguish-

ed from P. proligera by their smaller siéelahd nonglossy .

t

leaves, as well as by the morphdlogy dfftheir“propagula.

The long, slender éropagula of . muylgermansii'(not\
known from North America) may appear‘éuperficially‘similar
to those o€ P. proligera, but are»considerabiy longer:
(mostly > 500 um,-iong), and hav? 1-3 very shoft peglike
leaf primordia which are hardly'mdré than l/lQ the,length

of the pfopagulum. The shall, moré or less sphaeroidal’

propagula of pP. camptotrachela are unlike any form produced

by P. proligera, and are smaller, rounder, and have less

conspicuousvleaf primordia than even atypically short
propagula of p. proligena (e.g.,fig. 62: 1-7).

Pohlia proligera has most frequently been confused
with forms of p. annotina in which the clustered propagula

are unusually long (e.g. 350 um.) and narrow. See under

P. annotina for a discussion comparing these two species.

-

e
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Doubtful and Excluded Species

Webera éolgmorphoides Kindb.'in Macoun & KlnAb;, Cat.
' Canad. Pl. 6: 113. 1892. This species was described by
Kindberg (1892);.and was later placedvin synonymy of
Pohlia drummondll by Andrews Jl935) The type, however,
o

is paroicous and the leaves are concave and cucullate, and
‘havé large,‘lag Laf cells (greater than 15 um. wide).

Tt iséconsequently considered a synonym of p. obtusifolia~
(Brid.) L.‘Koch, rather than P. drummogd;i'(Lectotype: |
"Canada, Selkirk Mtns., boggy-soil, 7000.ft. llAug. 1590.
MaCoun. S;Kindb. 1), . B |
Webera debatiibcard. & Thet., Bryum‘navlculare Card.,
webera annotina var; o;rvicollis Ren. & Card. I have been"
unable to obtain type materlal for these taxa (?C - .
p#esumably) and consequently they must belincluded as:"
doubtful. Cardot (-1900) 1nd1cated that B. naviculare
Eard._ls synonymous w1th Webera carinata (= P. }ildm):
fBryum genlculatum Brld , Musc. éec. 2: 53. 1803. Bridel

J
flncluded B. geniculatum in his”Brya incerta non,genuinaf,

! f
ot

: fefetring to Villars'f—»l786;flora' No specimen so-named .
,ex1sts in thé’Brldel herbarlum (Schultze -Motel in litt, ).
Webera rubella Rhlllbert w. subannulata Phl]lbert Type
:materlal for these spec1es either does not ex1st ‘in the

Phlllbert he&barlum, or is not,avallable for.loan,y
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: PHYTOGEOGRAPHY AND CONCLUSIONS

Of the nlne propagullferous POhllaS of the sectlon
ohliella whlch occur in North Amerlca, only one spec1es,
P. tundrae, appears to be restricted to this continent.

The remaining eight.species are presently'confirmed as

occurring in Europe, and P37 drummondii, P. filum, P.

o

bulbifera, P. annotina and P. proligera are also reported

‘from-northern.Asia (Nyholm~l958); This complex of species
. appears laréely<restrictedato'the northern latitudes of

the northern hemlsphere, and,only P. bulbifera can be

i e

'ed in the southern hemlspherey(New Gulnea) as a

'result o) tgls study In and around the troplcs, thlS

ncomplex of propagullferous spec1es is- mostly or completely
: replaced by members of the "p. flexuosa group" (see .
,ppr 8'9l and spec1es of the qenuSrPSeudopohlla Although . o //
spec1mens from Mex1co and Central Amerlca have been exam-
';_1ned wthh have propagulaA51mllar to those of p‘ ennotina[; =
these plants dlffer 1n other gametophytlc and sporophytlc'
features such that it is clear that the 51m11ar1ty in
jpropagulum morphology is because of convergent evolutlon}\
in thlS respect The report by G 1ff1n (l972)~of5P ahno-
tind in Guatamala 1s based on such plants wthh have -
propagula not unllke those of P. annotlna, but wh1ch have

sporophytlc characterlstlcs unllke a“y member of the

sectlon POhllella (Guatamala,:Depto. De\Jalapa,’Dixon '
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014323 FLAs‘!).

Most bryologlsts agree that’ long distance dlspersal
le not as common in mosses as was once thought (e.qg. Crum
| l972 van Zanten 1976), and that the;dlstrlbutlon ofomossy'
sPeCies i81COntrolled by similar faCtors to'those«whichf
control vascular plant dlstrlbutlons 'If the transcontl—
nental dlstrlbutlon of these POhlla spec1es is not the
result of recent long dlstance dlspersal then thelr present
dlstrlbutlon must 1nd1cate a cons1derable age, for the
-taxa. North Amerlca and Europeghave'not been dn.physical.
Contact since the early to?mid Tertiary (Dieta~and Holden

1970) so'it is Jlkely that the modern propagullferous
‘spec1es date to at least that tlme perlod That there‘
are llttle or To morphologlcal dlfferences between North

Amerlcan and European populatlons of the same spec1es -

“1ndlcates that evolutlon has occurred very slowly over

the last 40- 65 mllllon years ThlS is in agreement w1th
:the oplnlons of other authors concernlng the slow rate of
’:bryophyte evolutlon (e g. Crum l966 1972)

Based on 51m11ar1t1es and dlfferences 1n propagulumv"
k'uontogeny, flgure 63 shows ‘a suggested phylogenetlc arrange-.
‘ment of these propagullferous Pohlla spe01es It can be
jseen that ecologlcal data correlate w1th the presumed
1d1rectlon of structural evolutlon Spe01es Wthh are'
characterlzed hy morphologlcally prlmlthe (ple51omorphous)

ffeatures, tend to -occur on substrates w1th relatlvely hlgh
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‘levels of organlc.matter content, while those_having'a‘
predominance‘of”derived-(apomorphous) character;states.;"
occur‘on substrates with a'lesser amount.of organic matter.
Further, species w1th Prlmltlve character states tend to L‘d'\\/:;
joccur on substrates of 1ntermed1ate pH values, whlle‘

those with- derlved character states occur on 501ls of
velther hlgh or low pH Although Pohlla fllum is con51dered:
_ prlmltlve morphologlcally, thlS speC1es apoears spec1allzed
ecologlcally (fig. 63l3 Flnally, morphologlcally prlmltlve
spec1es tend to occur ln alplne tundra, whlle derlved

\.

'spec1es are more common in lowland'to montane, man-made

: :habitats ﬁd': | T E E‘h_ .'” ﬁ>‘"7 o ; ,‘h'v‘ ;_‘ ’/zt
" On the ba51s of thls correlatlon between ecologyland |
hmorphology,‘lt can be suggested that the ecologlcallv
'prlmltlve condltlon for these spec1es 15 to occur in nﬁ
dalplne tundra of hlgh organlc matter content and w1th‘the
‘pH in . the range 5 2 5 8 Evolutlon has occurred toward fi
ﬁnsubstrates w1th lower organlc matter, and w1th eltherv‘
.;hlgher, or lower average pH values Elther the 1mmed1ate:d:
dd‘ancestorvof these Spe01es was an alplne plant or Very
early 1n the dlver51f1catlon of the modern propagullferous
;spec1es, the prlmltlve morphologlcal types were restrlcted
dto tundra habltats.,Recent authors have suggested that d
-alplne plants began to evolve in the mld Tertlary, and thlsf':

'1s con51stent w1th the mlnlmum age suggested for these 3

: f}pohlla spe01es (Bllllngs 1974 Mathews 1979);'

|
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In North Amerlca,Asome species of thlS complex are
morebrestrlcted geographlcally than others Poﬁliavl
camptotrachela is the most restrlcted spec1es;uand'i5"'
oknown only from the . western mountalns, largely south of
.the max1mum extent of glac1atlon-(f1g 56). Mo collectlons
of'Pu‘camptatrachela~have'been“seen_from.north;ongevel—'
stoke,'British Columbia, and\it'ls*clearwghat this species'
‘;‘must have.surviued;glaciation’south'ofuthelicevSheetl‘That_l

it has not migrated’fartherfnorthyﬁparticularlv'along'théh
'.Pacific Coast;wherevthe:hedrockvis siliceous,olmplles

4that P camptotrachela,ueven w1th lts abundant propagula
Gand sporadlc Sexual reproductlon, has only a llmlted |
.v:dblllty to expand 1ts geographlc range raprdly. Theiw’g”ia;c=f;'
o dlStrlbUthn of . P 'tundrae“(flg‘ Al) in the mountalns ofpﬂ_
western Unlted States 1s 31mllar to that of P campto—r{rfa
:raehela, but P tundrae«occurs in Utah~and Nevada.wherevr
ltE.rcamptotrachela lS absent Pohlla tundrae lS also dlS-l,-f

’]unct in northernmost Brltlsh Columbla,-and 1n the southern
:part of Alaska It 1s not common in these reglons, however;r,

o and ltS occurrence may be the result of several 1nstances,‘#'
T : }. \A

’tyof long dlstance dlspersal from the southern portlon of

-

ffAlaska were apparently ice- free durlng at least parts of

,the Plelstocene (Karlstrom and Ball 1969, Schofleld l969)

"ﬁAlbi.‘Jn.,,



»,

0

- occur - in the northeastern portlons of North Amerlca

tpopulatlons surv1ved 1n unglac1ated refugla such as

’ N Ce
and it is also possible that populatlons of p tundrae’
surv1ved glaclatlon 1n these areas.

‘Pohlla drummondii_and'P; andalusica are knde‘from

Scattered localities (h the western mountalns, and also

(fig. 32f”38)} Pohlla drummondll has been collected more

frequently than P. andalu51ca, and thlsiseems tO‘reflect

:thelr relatlve abundance in most areas Neither species(
 has. been collected from a large portlon of-north—centrala”
d'Vorth Amerlca, and probably ‘the hlgh pH of'the soil in‘
;much of northern Alberta, Manltoba, Saskatchewan and the

'Northwest Terrltorles is the cause of’ thelr absence or f

| that they mlgrated southward durlng the Plelstocene, and

o

fhave recolonlzed much of thelr prev1ous area follow1ng

l

,;‘retreat of the ice front Tt. 1s also p0551ble that some;;v

-,,;Berlngla (Hulten L937) Pohlla fllum ‘has a dlstrlbutlon
kh‘Slmllar to the preV1ous two spec1es (flg 35) but 1s
'not known from the Rocky Mountalns south of Alberta 'In

'flthe Cascade range,v_‘,fllum extends only as far south as

Southern‘Oregon lee P drummondll and P, \andalu51ca,"

fllum probably surv1ved glac1atlon south of the 1ce

-jsheet as well as in scattered refugla w1th1n the area of

”hglac1atlon. Pohlla bulblfera llkew1se 1s known from_,V*"

-scarclty in these reglons Both spec1es occupy a range thatb-

”nwas Iargely glac1ated durlng the Plelstocene“It is llkely L



\J‘tEastern populatlons of P annotlna probably surv1ved

o "‘_312.

"scattered localltles, mostly w1th1n the a;ea of glaC1atlon
(flg 45) and probably surv1ved 1n w1dely dls;unct
localltles ThlS spec1es seems not to have expanded 1ts

range greatly from these separated statlons durlng the

L Holocene Poh11 prollgera occuples the w1dest range, and

Jhas been most ab’ndantly collected of any NorthJAmerlcan
- propagullferous P hllav(flg 60). It is recorded'from

'vlocalitres acros boreal sub— and low arctlc North

Kl

~Amer1ca, and exte ds southward in both the Cascade Slerra'
"Nevada Ranges and\an ‘the. Rocky Mountalns It 1s llkely

‘:that pP. prollgera surv1ved glac1atlon both north and south

j of the max1mum extent of glac1atlon

'Pohlla annotlna has a- bryogeoqraphlcally 1nterest1ng,»

. N\ .
_blcentrlc dlstrlbutlon in North Amerlca,(fig 52) _In
. . 5 .

' 'eastern;North Amerlca,‘P, annotlna extends as far south
CF g ,

' as Arkansas, and extends no farther;north than a-few:

K

- hundred kllometers north of the Plelstocene 1ce boundary

Agla01atlon south of the 1ce sheet In the western portlon

*1of ltS range, however, P, annotlna 1s largely restrlcted
Y :

B :_to the area north of the max1mum extent of glaC1atlon ,Itfwu"*"

'{h:ls frequent along the coast of Brltlsh Columbla and southern.qih

.Alaska, and probably surv1ved glac1atlon 1n Coastal refugla e

’ ””whlch probably ex1sted durlng the Plelstocene (Heusser 1960)

‘vAlthough the western and eastern populatlons of P. iannotlna

are w1dely separated at present and have probably been so
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} "~ since at least the last interdlacial,ftheré has been-no
{{ s N *r Lo

signifitant morphological divergence between eastern and

. western populations.
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- TABLE 4. Significance of ecological differences by the
' -~ Wilcoxon Signed-rank test. S

*** 0.000-0.009; *=* 0.0010~0.0099; * 0.0100-0.0490
1 - ph; 2 - organic matter (OM). - E .
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TABLE 5. Statistically significant ecological differences
between selected propaguliferous Pohlias. o
OM = substrate % organic matter; pH = substrate pH.
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Héfbaria'from,whicﬁ,propaguliferous Pohlias

were examined. Asterisks after herbaria
abbreviations indicate that only type specimens
or a-limited number of collectlons were

<exam1ned
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FIGURE 1.

“l= 6j,

Coy e

7,8

L |
Leaﬁes:énd leaf cells
Pohlia. prollgera (Lindb. Cex Breldl )
Lindb. ex Arn. ’ dlfferentlatlon of

“leaves on a female plant from stem
- apex (left) toward . base-(rlght) (x36)
_ Pohlia drummondii- (C. Mull. ) Andr_

leaves from sterlle plant (x36)

. _Pohlia ludw1g11 (Spreng ex. Schwaegr )
.. ' Broth., leaf from sterile plant (x36) ’
X0 POhlla bulblfera (Warnst ). Warnst.
' '~Tiupper median leaf cells /(x390)

Pohlia: tundrae J Shaw, basal célls 7 ff
(x390) B i o FRE
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. FIGURE 2.
o 1-3

Stems and leaves,-transverse sections:
QPohlla andrews_u J Shaw, leaf SeCtlonS
vfrom apex (1) to base (3)- (x390)

. Pohlia annotlna_(Hedw ). Llndb perl—
f’_chaetlal bract, transverse- sectlon S
S (x390) e T

“: Pohlia: drummond11 (C Mu]l ) Andr

stem: transverse sectlons from near

"fbase (5) and apex (6) (x390)




_340 7




©  FIGURE 3.

-vrlrg
7,8

g

'aPerlgonlal bracts, setae 1n transversef
~section, capsule habit :

“"Pohlia bulbifera (Warnst.) Warnst
v.dlfferentlatlon of perlgonlal bracts

from‘out51de (1) to.inside (6) (x36)
Pohlia filum (Schimper)’Mért setae

o in transverse section’ show1ng 51ze
«_varlatlon (x36) P
Pohlia’ drummondll (C.. Mull ) Andr

3 capsules from one. population:

“ showing variation in hab;t_(xlz),.'vrux’
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1,2 Pohlia

3 % pohlia

+ 4 _/ pohlia

5,6  Pohlia.

~* -+ Lindb.

7 Pohlia-

‘8- Poplia

= Broth.

9,10 Pohlia

- 11, Pohlia

12,13 - Pohlia
. A o R

Lo

Outer pgrigohiaivbréctS/(x36)

Y

andalusica - (Hohnel). Broth.
bulbifera (Warnst.) Warw--.
'tyndrae;q1 Shaw o s
proligera (Lindb. ex Br..dl.)
ex Afp. R

adnoffné_(Heﬁw;).Lindb, R
camptotrachela (Ren. & Card.) -

[}

drummondii (C. Mill:) Andr.

Filum (Schimper) Mart..
»andréW;ii'J.;Shaw.
'jl,*' A

~ v }' '7: s : " _
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FIGURE 5.

1-4

Comparison of habit and propagulum
morphology in P. andalusica (Hohnel)
Broth. and P. filum (Schimper) Mart.
Pohlia andalusica, range of variation

in propagulum morphology sometimes found
in one population (x288)

Pohlia andalusica, habit (x10)

Pohlia .filum, variation in propagulum
morphology " (x288)

Pohlja filum, habit (x10).
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FIGURE 6.
1-8

9-12
13-18

0 19-21
22

23

Pfopagulum morphology
Pohlia annotina (Hedw.) Lindb. (x288) .

Pohlia camptotrachela (Ren. & Card.)

Broth. (x288)

Pohlia proligera (Lindb. ex Breidl.) ,
Lindb. ex Arn. (x288)

Pohlia andrewsii J. Shaw (x288)
pohlfa drummondii (C. Mill.) Andr.,
sterile shoot grown in moist culture
showing abnormal development of pro-
pagula as axillary branches (x8)
Pohlia annotina (Hedw.) Lindb.,
clustered propagula at early develop-
mental stage (x227). o
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FIGURE 7.

1-4 -
5,6

S 7-9
10-13.

. 15-17

.

#ropagulum morphology (x121)
Pohlia tundrae J.-Shaw .
Pohlia bulbifera (Warnst.) Warnst.
Pohlia ahdalusica (Hohnel) Broth. .
Pohlia drummondii (C: M{ll.) Andr.

Pohlia filum (Schimper) Mart.
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FiCUREia}:7Pthogényfas7p#Ogressivé'ohtbgéhetig

modification. Modified from Foster and- |

 Gifford (1974).



Phylogeny .

Phylogeny  ——

—>

i
r

_ Ontogeny -~ - L
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FIGURE 9

4 \

iy

!
2

: ¢ 3
4

”annulus (x390)

~Annuli, peristome, stomata, opercula

Pohlla tundrae J. Shaw, annulus (x390)
{1ia drummondii: (C.gMﬁll,) Andr.,

oy

Pohlia andrewsii J. Shaw, annulus. (x390)

«EPohlia‘prollgera (Lindb. ex Breidi.):
.Lindb. ex Arn., annulus. (x390) :
[_POhlié»annotina (Hedw ) Llndb annulus
"Pohlia camptotrachela (Ren &'Card{)
Broth., annulus (x390) . ERCE

pPohlia camptotrachela (Reﬁ; &fCafd,x

" Broth.; peristome: (x288)

“-Pphlla tundrae,J “Shaw, - three stomates

. from one capsule (x390). .
Pohlia andalu51ca (Hohnel) Broth.

exostome - ‘teeth, transverse sectlon (x390) '
Pohlia obtu51folla (Brld ) L. Loch '

-~ operculum, dry (x36)

5”1Poh11a obtu51folla (Brld ) L. Koch
'operculum ‘moist (x36). -

“Pohlia- drummondll'(C Mull ) Andr
'”operculum dry (x36) - : o
"Pohlia drummondll (C. Mull ).Andr;;
_,voperculum, moist (x36) - . :

" pohlia annotina (Hedw. ) Llndb

. operculum, dry. (x36)

Pohlia annotina: (Hedw ) Llndb

. foperculum m01st (x36)

-
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1
2
.

FIGURE 10. Exostome, endOStOm‘f/okotheoial,cells;
o 1 'PohlL,a -apdrewsii (éf Shaw, éxothecial.
) cells\yhere caoj%lejattaches to seta
(x390)- e :
‘2" . Pohlia t Tae/ Shaw, exothec1al
o0 cells- of urn (x390) e : .
37 Pohlia annotlna (Hedw ) Llndb., exo-—
.+ “thecial cells at capsule rim (x390)
4-7 ' Pohlia drummond.‘zl (C. MUll.) Andr. -
g endostome, 5= exostome tooth dorsal'
.‘surface, 6- exostome toot ventral .
- surface, 7-eXxostome tooth longltudlnal
'”fsectlon (x374) .
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~ FIG SEM photographs of propagula and leaf
' surface L :

1 Pohllauprollgera (Llndb. ex=Bre1dl.)
Lindb. ex Arn.,:adaxial leaf surface ,

. showing cuticle-like layer (x350)

2 . Pohlia camptotrachela "(Ren. & Card. )
Broth., propagulum, showing splral
arrangement of- pegllke 1eaf prlmordla"

o (x450) "~ - _

-3 Pohlia filum (Schlmper)WMart., pro-
pagulum, showing spiral-arrangement:
of laminal leaf primordia (x120)

4 ~Pohlia drummondii (C. M'ul”l.)"Andr..,

. propagulum (x80) o

5 Pohlia filum V(Schlmper) Mart.,

. propagulum (x80) ‘ '

- . 6 - Pohlia bulblfera (Warnst ) Warnst ‘

~ T : 'propagulum, showing bulglng superf1c1al;
SRR ‘ ' ~cells and concave, lamlnal leaf
prlmordla (x70) ‘
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‘FIGURE 1

g

bt

2.

1

Pohlia andrewsii J. Shaw, propagulum,
showing short, peglike, incurved leaf
primordia. (x300) ; - '
Pohlia annotina -(Hedw.) Lindb.,
propagulum, showing erect, peglike
leaf primordia (x300) S
Pohlia tundrae J. Shawy,; propagulum,

‘showing apical and subapical, laminal

leaf primordia (x80) o
Pohlia drummondii (C. Mull.) Andr.,
spore (x2750) ‘

Pohlia filum (Schimper) Mart., spore
(x2750) o "

Pohlia andalusica (Hohnel) Broth.
(x2750) "






FIGURE 13.

1

2

> 0

Pohlia
Pohlia
(x2750)
Pohlia
Pohlia
Pohlia
Breidl.

‘Pohlia
Broth.

L . M J "C'
SEM photographs of spores

tundrae J. Shaw (x2750)
bulbifera (Warnst.) Warnst.

andrewsii J. Shaw (x2750)
annotina (Hedw.) Lindb. (x2750)
proligera (Lindb. ex Kindb. ex
) Arn. (x2750) o
camptotrachela (Ren. & Card.)
(x2750) ' ’

L)
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FIGURE 14.

I
T

—_
O\

1
12

13-

14
15

16

17
18

QO U -

'Range - of propagulum types probably
.- included in the late eighteenth-early
~nineteenth century concept of "Pohlia

(Bryum) ann&tlna
pohlia annotina (Hedw.) Llndb
Pohlia andalusica (H6hnel) Broth.

 Pohlia annotina (Hedw.) Lindb.-
- Pohlia andalqucaj(HOhnel) Broth.
" Pohlia bulbifera (Warnst,) Warnst.

Pohlia andalusica (Hohriel) Broth.

'Rohlia annotina (Hedw.) Lindb.
.Pohlia andalusica (HShnel) Broth.

Pohlia filum (Schimper) Mart. .
Pohlia annotina .(Hedw.) Lindb.
Pohlia andalusica (HOhnel) Broth.
Pohlia drummondii (C. Muller): Andr.
Pohlia andalusica (HOhnel) Broth.
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"-,FIGURE‘lS;.

' Pohlia andalusica . (Hohnel) Brdfh

[ N0, I - '

LN

oy , ¢

standard dev1atlons (hollow bars)

‘”}Poblia‘prollgera (Lindb ex Breldl )‘ e

Lindb. ex Arn, -
Pohlia Ffilum (Schlmper) ‘Mart.

Pohlia'drummondll (C. Mull ) Andr._“

r-POhlia-tundrae J. Shaw

. Pohlia camptotrachela (Ren L& Card )
Broth. . = .. .

" 'Pohlia annotina (Hedw ) Llndb

[

L
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FIGURE 16.

‘N

R R

fMéans,
‘bars) -

Pohlza

poth ¥
- Lindb.
__Pohlla
' 'Pohlia
.- Broth. -
‘Pohlia

-

R

standard errors (SOlld black

-and standard. dev1at10n

tundrae J.. SHaw :
drummondll.(C Mull )

S. (hollow

f:black bars) “of" propagullferous spe01es
~dalong the. organlc matter- gradlent

. Pohlia

i POhllﬁ

Andr‘

andaluSiéa (Hohnel) Broth.

proligera (Llndb ex Breldl )

ex Arn.

_annotlna (Hedw ) Llndb

’camptotradhela (Ren

X ES

& Card )

1f11um.ﬁ8ch1mper) Mart

"(‘ /"lr



368

|-

v

R

rew



R :

) j

. _'Pohlla drummondl; (C Mull ) Andr.,f.
x:3hlstograms -of ‘resource utlllzatlon .
'jalong organlc matter and pH gradlents.fj_f
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FIGURE 18.

Pohlla drummondll : (C QMull ) Andr

resource utllLZatlon along organlc

.matter and pH gradients . :
outer. shaded = 90% of populatlons ' TR
.-middle strlps '50% of populatlon5'~-g’;;:_,‘

f#;ilnner black 20% of. populatlons

-
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FIGURE '19. Pohlia filum (Sbhlmper) Mart., histograms.
= . of resource utilization along organlc
matter and pH gradients.

»
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FIGURE 20.

.%

Pohlia filum (SChimper) Mart , resource.

utilization along organic matter and

PH gradients

outer shaded = 90% of populations
m;ddle striped = 50% of populations
1nnerl?lack = 20% of. pOpulatlons
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FIGURE 21. ﬁPohlia tundrae J.'Shaw,ih§stqgramsﬂ_ o
: © of resource utilization along organic

matter and pH gradients.

R
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‘FIGURE,22.; Pohlia. tundrae J. Shaw, resource .. .
' ~, utilization along organlc mattey and
" pH’ gradlents
-~ ~outer 'shaded = 90% of populatlons L
’ m Middle striped = 50% of. populations '
;f‘inner~blaCk = 20% of populatlons

o~
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FIGURE 23.° 2 an |
o _~ histograms of resource utilization =
alOng?organiC‘matterﬁand PH gradients.

N

"Pohlia andalusica (HOhnel) Broth.,

c

i
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FIGUBE 24.. Pohlia annotina (Hedw ) Lindb., .
B histograms of resource utilization
S ‘along organic matter and pH gradients.
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{EIGURE 25,

Pohl.la annotlna-(Hedw ) Llndb ,'

matter and pH gradlents-'

" outer shaded = 90% of populatlons
-~ middle striped = '50% of populations -
g'lnner black = 20% of populatloné
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s resource utilization. along, organlc."'
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FIGURE 26.

Lindb. ex Arn., histograms of resource -
uti¥ization along organic matter and
pPH gradients.

Pohiﬂa proligera (Lindb. ex Breidl.)
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FIGURE 27.

- Lindb. ex Arn., resource utilization
‘along orga51c matter and pH gr§;§

L)

Poh‘liaupyro_ligera (Lindb. ex Breidl.)

ents
outer shaded = 90% of population
middle striped = 50% of populations
inner black = 20% of populatlons
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FIGURE 28. pPohlia v_,camptdtrachel‘a""((Ren., & Card.)
' ’ Broth., histograms .of resource ;

utilization along organic matter and
pH gradients. : a - '

¢

\
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FIGURE®29.- Pohlia camptotrachela (Ren. & Card.)
P _ Broth. resource utilization along
v ”-organlc matter -and pH gradients

- outer sHaded = 90% of populations = .

- middle striped = 50% of populations

+ inner black = 20% of- populations..
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“FIGUREf3OT Comparlson of resource utlllzatlon of‘

- propaguIlferous spec1es along the pH
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FIGURE'3I;‘ CQmparisop:offresourcé'utilizatibnj"
’ C of ‘propaguliferous ecies along the*“

~organic -matter gradient. .
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FIGURE 32. Pohlia drummondii (C. Mill.) Andr.,
- geographic distributidn. R
. : t . . " . o "L\'\
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FIGURE 33. Pohlia drummondii (C. Mull.) Andr. °
1-8 Stem leaves (x36)

9  Perichaetial leaf (x36)

10 Upper leaf cells (x390)

11 Exothecial cells (x390)

12 "Costa, transverse section (x390)

13- Capsule, dry (x12) ,

14 Capsule, moist (x12)

15,16 Perigonial plants (x10).
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FIGURE .34. .Pohlia-dru'mmonéii (C. M{ill:) Andr.,
' ' propagula (%288) . -
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~ FIGURE 35.

. ‘ e ' '
Pohlla‘fllUm (Schlmper) Mart
. dlstrlbutlon S

\

, geogréphic"
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© “ FIGURE 36.°
| 1-10 -

11

,1;12'
13
14

16,

17 19

’Pohlla fllum (Schlmper) Mart
;Stem leaves (x36) ' '
jPerlchaetlal leaf . (x36)
‘Upper leaf cells (x390)

Exothec1al cells (x390)

1Costa, transverse sectlon (x390)_“f
. Capsule, dry (x12) Lt
Capsule, -moist- (xl2),j-”

Perlgonlal plants (xl2)
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- FIGURE 37. Pohlia filum' (Schimper) Mart.
~+ . 1-6" ‘Propagula (x288) . . .
SR A Sterilefshoot3withipropagula,(xlO);

o
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E. 38, Pohlia andalusica (HGhnel)
-« geographic distribution.

7
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FIGURE 39.
1-10

‘Capsule, moist (x12).

bPohblla< "andallus_zca (Ho?l}l‘gl) Broth.
Stem leaves from just béﬂow apex

(x36)

Perichaetial leaf (x36)
“Upper leaf cells (x390) o
-~ Costa, transverse section (x390)
4 Exothecial cells (x390)

Capsule, dry . (x12),

Perlgonlal plants (xlO)
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FIGURE 40. Pohlia andalusica (Hdhnél) Bro‘t‘h., f\/\

. propagula (x288).
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QFIGURE 41.'_Pohlia.tund}ae J{ Shaw,,geographic_
g distribution. . .. . .
B e R
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FIGURE 42,
1-10

| 11 12

'13

Lo1a
© 16

17

18

19

Pohlla tundrae J Shaw '
Stem leaves from just below stem
apex (x36)

.'Perlchaetlal leaves (x36)

. Upper - leaf cells (x39Q)
Exothecial cells (x390)
!Costa, transverse sectlon (x390)
'Capsule, moist (x12) . :

Capsule,’ dry (x12) : S R
Perlgonlal plant, rare basal branching el

S (x10) N
%‘Perlgonlal plant typlcal _subfloral;
~_Hbranch1ng (xlO) v o

[ .
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FIGURE43 POhlla tundrae J Sh'awl’ p‘rbp‘ag-ul-‘.a:-v*v;'

(x288)






e

 FIGURE 44.

.Scatter dlagram comparlng Pohlla
“annotina (Hedw. ) * Lindb. and, pP.
~‘tundrae’ J. Shaw with. respect to’

'propagulum body length -and leaf -
- primordium- length: sIntegers represent
~"the number of cells cons 1tut1ng the '
.%base of 1eaf primordia,|
: ”_from the .mean value for\ 10 propagula
Sddnta popu]atlon, rounde‘“
- “whole number .. - - e N T
"G;Shaded plants w1th du ~f1e ves
(P annotlna);', Ll R TR T e
g”,Unshaded plants: W1th g]ossy leaves S
:v.>(p tuDdrae) e T R

and- are. derlved','

the. nearestffiif"



424

N

 =(um wisusi pog

o

c

(o]

wo

L e ool
M”Lon_
Hooz

~0sZ

- Hose

) . ;%?’~?91~ ‘wnipiowad-

L

o

_ o
e

v




Pohlla bulblfera (Warnst ). &ernst
geographlc dlstrlbutlon. S :fv_ ,
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FIGURE 46. Poniia bilbifera (Warnst ) Warnst o
- 1-8 Stem leaves from just below apex.(x36)‘

-] .Perlchpetlal leaf  (x36) T ‘
- k07 Exothecial cells. (x300) (x390) ."'~;$\
11 Upper leaf cells (x300¥ (x390)" —

'ié“, Costa, transyerse sectlon (x390)
i3 _Capsule, dry (x12) .
14 Capsule, moist (x12)

15 16;',Perlgonlal_plants‘(xlO);

. 7 : L e 2
TN g . T : S .
N A . ; - ,
e . . o
& Cie e e R
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. N )
‘*‘FTGURE’Z?T/’Pohlia bulbiferg (Warnst.) Warnst.,

propagula (x288).
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FIGURE 48.

Pohlia andrewsii J. Shaw, geographlc
dlstrlbutlon :

/

-
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~ FIGURE 49.
T g

11°

13-15

f:tié”
X7

9

Pohlla andrew511 J Shaw.«

'“Stem leaves ‘from jUSt below apex (x36)
Perichaetial- leaf. (x36) .
“Exothecial cells (x300) (x390)
.fCosta, transverse: sectlon_(x390)'

Upper- leaf cells (x390)

lﬂPerlgonlal plants 'showing - range of
variation in outer bract length (xlO)

Capsule, m01st (x12) I
Capsule,}dry-(le): : p_:;g,
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FIGURESO | Pohlla andrew511 J Shaw, propaguja R

(x288)



436




A'f,FIGUREESLL' Scatter dlagram comparlng Pohlla S

.* annotina (Hedw ). bindb. and. ‘Pohlia-
"v_‘.andrews.ll J. Shaw with’ respect to
- ‘propagulum “body. length and leaf

. primordium-length: .

“.;'A— plants with’ glossy leaves (P andreWSll) ,___pr

"*:; o— plants Wlth dull leaves (P. annotlna)
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FIGURE,SZ Pohlia annotina (Hedw ) Llndb
R geographlc dlstrlbutlon '
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FIGURE" 53.

'ill,_

El | l_lo,;

A“’Lﬁ l 2 :

T

a

. Poh'lie ahno'tlné (Hedw. )- L:mdb ‘
Stem leaves from just belowrapex

(x36) 5
Perlchaetlal leaf (x36)

Upper leaf cells (x390).
" Exothecial cellS'(x390)
'~ Costa, transverse sectlon (x390)'

= Capsule, moist (x12)

14
- le.
17,18 ¢

;Capsule, dry (x12)
Perlgonlal plants (xlO)%;

.5 : "."U"
Lo . S . . v
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FIGURE 54. Pohlia annotina (Hedw.) Lindb.,
. propagula (x280)
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FIGURE 55.

Scatter diagram comparing Pohlia

proligera (Lindb. ex Breidl.) Lindb.
ex Arn. and Pohlia annotina (Hedw.)

Lindb. with respect to propagulum -

body width and leaf primordium -length.
Integers represent the number of leaf
primordia and are derived from the

‘mean value for 10 propagula from a
population, rounded to the nearest

whole number. Circled integers

represent values from cultured

populatlons

- Shaded plants’w1th glossy leaves

(P. prollgera)

| Unshaded = plants with dull leaves,

(P. annotlna)
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~ FIGURE 56. pohlia camptotrachela (Ren. & Card.)
R Broth., geographic distribution .-
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FIGURE 57!

1-9.
10

11

13
So-14,
'le

16 l7ge]Per1gon1al plants (xJO)

:Pohlla camptotrachela (Ren'-&_Card.} e
~Broth. SR s S
' Stem leaves from near apex'(x36) o
~ ‘Peérichaetial leaves (x36) ’
© |Exothecial:cells (x390),
'Upper leaf cells (x390) - ST
- Costa, transverse sectlon (x390),'fﬂ,,
‘Capsule, moist (x12). ' S
~Capsule, dry (x12) '



450

....S».., :

a et

R3OS

Lo




SRR FIGURE 58. Pohlia- éég:,étfoir‘éc};ezg_,(’Ré_r{,:;&j Card.) .

o ’..“.
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. FIGURE 597 - Scatter diagram comparlng Pohlia -
. " annotina (Hedw.) Lindb. and Pohlia
. camptotrachela (Ren. & .Card.) Broth.
~ “with resgpect to propagulum’ body
. length/width and leaf- primordium
“length. Integers .represent number
of cells constituting.the base of"
. leaf prlmordla,.and are'ﬁerlved from"
~ ‘the mean wvalue for.10: propagula’ from_

&

" whole number, -~ . oo F %
: Note the greater scatter -0 p01nts !
. for P. annotina, reflectlng 1ts.’f
- “morphologlcal varlablllty

~a population, rounded to the mearest -
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FIGURE 60. .Pohlia prol
o " Lindb.

o

‘]'

0 o Lo g
jgera. (Lindb. ex Breidl.)

2

ex Arn., geographic’distribution’

s
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FIGURE 61,

1-8

'9,10

11
12
13

14
15 -

16 17

Pohlia proligera (Lindb. ex Breidl.

Lindb. ex. Arn.

Stem leaves from just below apex

(x36)

Perichaetial leaves (x36)

Upper leaf cells (x390)
Exothecial cells (x390)

Costa, transverse sectlmn (x390)
Capsule, moist (x12) -

Capsule, dry (x12) |

Perigonial plants (x10)

)
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mEIGURE.%3;»:

‘Phylogenetlc arrangement of the propagullfer-u
~ous Pohlias. Integers represent speores rank

along: the two ecologlcal gradlents % OM =-

S organlc matter content.. 1 = the" hlghest
-mean % organlc matter,. 7 = the lowest mean

3 organlc matter. pH = hydrogen ion ‘concen=~
tration: 1 = the H&@hest mean pH, 7 = ‘the

_lowest mean pH drum = P. drummondii, £ilum a_r.

= filum, tun =.P. ‘tundrae, and = p.

1andalUsica, bulb = bulblfera, andr, ﬁf Lo

P. andrewsii, prollg = P. prollgera,‘annot

= P, annotlna, campto =P damptotrachela

™

B
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FIGURE 62. I->oh'l‘_’ia proligera (Lindb. ex Breic‘jl.‘)
Lindb. ex. Arn., propagula (x288)



