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. obnyum macrosporUm Steere\& B Murr., and Andreaeales, composed of one

f" from al] other ecostate Andreheae by 1ts sindose cel] wal]s ?*3)
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The maJor results of five papers dEaling with sysfematics of

Andreaeopsida aﬁe 17 Andreanpsfda consists of two orders a new order
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genus Andreaea, and ab0ut“fi{$y Sp&CleS.‘, The new]y described beaked
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| muCIIage papil]ae and terete photosynthztlc appendages of Andreaeobryum K

are known elseWhere 1n bryophytes only 7n Takakia, which 15 %roposed to
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be tne closeSturelat1ve tp the Andreaeop51da.w 2) Andreaea sjnuosa B
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Murr a new,species fr0m Alaskangrltlsh Columbia and Scotland differs
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Andreaea schof1e1d1ana B Murr and A megistospora B Murf ssp.‘.'-

Trad1t1ona1 1eaf charqctens ake varfable and 3

A ‘\‘

k“~exgnt Spedies and’fwo va feties*7
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Andreaeobryales B Murr,, based on @ single genus and spec1es, Andreae-
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I.. INTRODUCTION
This thesis capsists of five papers prepared in the course of
monographic study of the moss class Andreaeopsida. The most important
problems and urgent needs in the systematics of the Andreaeopsida are
1) assessment of the phylogenetic position of the group within bryo-

phytes; 2) analysis.of the two included genera; Andreaeobryum, recently

described and monotyuic (Steere & Murray 1976), and Andreaea, of long
standing and comprising about 50 species; and 3) revisfon of the genus
Andreaea..

The first and second problems are the subject of Chauter IT. The
moss class Andreaeopéida is defined puimari]y by the occurrence of a
valvate capsule. Because valvate capsules occur in liverwqrts and
hornworts but in no other mosses, ft haS‘beeu suggested that the
Andreaeopsida represent a link betueen~major bryophyte groups and ?re
perhapsithe mos t p[jmitive mosses extant (e;g. Crosby_l980). Another
hypothesis is that the valvate .capsule of the Andreueopsida is derived
bfrom a peristomate capsule and the resemblance to capsules of liver-
worts and hornworts is due to homoplasy (e.q. Robinson & Shaw 1984).

Until recently only characters of the genus Andreaea have been avail-

able for_ study. The discoveny in 1973 of Andreaeobryum macrosporum

Steere & B. Murr. (Steere & Murray 1976) makes it possible to re-evalu-
ate the systematlcs of the Andreaeopsida taking 1nto account the
anomalous features of the new genus During the present study, addi-

tional features were observed in Andreaeobryum, including beaked

mucilage pap1llae cylindric photosynthetic protonemal appendages and

an apparently unique pattern-of pefrichaetial development. These

- —~—
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‘disqoveries led to the proposal in Chapter II that Andreaeobryum and

Andreaea represent separate orders and that their closest relat1ve is

Takakia, a prtmitive archegoniate and the only other plant of bryophy-

tic,affinity known to have beaked mucilage pap1llae (Proskauer 1962)

and cylindric photosynthet1c appendages (Hattori & Mizutani 1958) .,
Chapters ITI-VI are reyisionary studies of members of the genus ,

'Andreaea.  Andreaeae ‘occur worldwide in oceanic, temperate and sub-

" polar reg1ons, reaching the tropics only on the highest mountains.
Costate species have been revised receht]y (Schultze-Motel 1970), but
the genus as a.whole has not been thoroughly monographed. The genus is
troub]eseme because leaf characters tha® have been used to define taxa
tend to vary and are, therefore, difficult tolinterpret. I have found
that these t;gditionallcharacters are often unreliable. In the present
Studies new characters, including spore size and cell wall arcmitec~
ture,‘aremused to define taxa and to assess relationships. As a result

four new taxa have been described (Chapters II1 and IV) and members of

section Nerviae Card. ex Broth. have been systematically rearranged as
compared ?1th thelprevious revision (Schultze-Motel 1970); see Chapters
IV-VI. . I .

The studies presented here concentrate on taxa that occur in the
Northern Hemfsphere;primarily in North America and Europe; Ample
"herbarium material was‘available from these regions, and I was fortu-

nate enbughvto study most taxa in the field. As background to thesel
regiona] studies. I have also examined material of Andreaea from
vthroughout the world, 1nc1uding the Southern Hemisphere, where -the
.greetest numerical and systematic djversity occurs. I have used al)
this material and ekperience in eValeating and assessing characters and

L
e
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1

variation and, thus, in reaching the taxonomic conc]us(ons presented
here. e

A]though I have concentrated on two regions, the North American
Arct1c (Chapter V) and the Brltish Isles (Chapter Vi), these two
revisions together deal with all the taxa known in North America and
' Europe and should be of use 'to workers elsewhere. Keys to ecostate
(Chapter I11) and: costate (Chapter'lv)'taxa of North America and
Europe are provided, .

Style and format of Chapters I~ VI ref]ects the requirements of‘

the per1od1ca1s in which they have been or will be published,

S
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h"= ; Andreaeobryum and Andreaea beyénd those already reported (Steere &

L srsrsmmcs OF THE. ANDREAEOPSIDA w0 ORoeRs
| wITH LINKS TO- TakakiAl T

A
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S Introduction ..
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\ Strikln? differences from and striking similarities to al other

‘maJor groups of bryophytes have made the valvate mosses, class Andreae~.

‘

‘ op31da, a systematic perplex1ty-—isofated on the one ‘hand;, | prototypie

-and synthetid on the other, both positions 1mply1ng a long history
2

v Or,\to some eyes, the striking features appear derived and homoplastic,

During the past few. years of monographic study of the Andreae- S

"*rOpSlda I have noticed differences between theltwo included genera,l

lMurray 1976) These differenceS\are fundamental and sufficient, in my

i !

| “pv1ew to Justify class1f1cation of thertﬁb\genera in separate orders

- jthe Andreaeop51da) s considered to possess primitive features, some

i
i

'

‘ Some of ‘the features thatisep?rate Andreaeobryum from Andreaea .

‘unite Andreaeobryum and Takakia anq\appear to be unknown in other ]' |
'bryophytes Takakia is a genus of uncertain relationships Qhat (like,éri
unique,t some’ moss like and some hepatic like" The phylogenetic ‘V'

~relati0nsh1p of the Andreaeopsida and\Takakia that is proposed here | ‘
“1'leads to the assumption of a shared ancestor that has features similar \&f

/'to those proposed by Schuster (1966 19&2 1984a b) for a hypothetical

A version of this chapter has been’ accepteh'ﬁorfpuhlicationggeif;fﬁf
urray,:heg Beih Nova Hedwigia. ' T O T N
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bryophyte ancestor It also supports the v1ews of Schuster (and '

others) that (at least some) hepatics and mosses have a common ancestry v

..r (e g Schuster 1984b) \‘ : .”“.,' . |
The purpose of th1s paper 1s~tq descr1be and define the Andreaear.

y ! N .
opsida' tq describe and compare the d1agnost1c featdres of the two ST
orders, and to assess the re]atwonsh1p of the Andreaeops1da to other f -

e

bryophytes Information presented here 1s based largely on- observa~"‘”'“"

tfons ‘T herbarium mater)al and developmenta1 hypotheses are based on

o t_ " ‘|‘ o

these observations—* Unfortunately,vl have not studwed the German and AR
} Swedish ]anguages so cannot do Just1ce to the morpho]ogtca] stud1es of‘

] Andreaea by Berggren (1868) and Kﬂhn (1874) Other than mak]ng a few
‘ 1

brief.translations, I have used d1st111ations by others ctted 1n the ,’f

text. Likew1se I have cited secondhand the few pub11cat1ons not seenﬁvpﬁm"

| For comparative data on other bryophytes, I have re11ed for the
* o
: most part On publfcattons. Where or]ginal sources are, 1mportant they ‘M‘“\V .

. are cited but when information on diagnostlc character1st1cs of
various groups is general]y availab]e 'as' in qulte a number of recent

synoptic and synthetic publica ions, I have not. necessari]y c1ted an )

LA . Lo
.

. K

I [
K " ' A Y

authority.l “.v m . ;;'%.'al‘v::,gf la"ﬁ.;:‘f‘/'f
The past ten years or. so, have seen a, reSurgence 1n comparat1ve and

phylpgenetic study, fOStered by numerous papers on sing)e‘top1cs (e g»‘« yf@,{

Hébant 1977 Brown & Lemmon 1984 Fi]ina & Filin 1984), review papers
(e g. A J E Smith 1978 Chopra 1981 Kumar 1984), sympos1a (e g p




be poss1b1e to determmne whether po]yphyly or monophyly or analog1es or
homo]ogies are at hand or 1n wh1ch d1rection*&hanges have occurred

(Sm1th 1986) The 1mage prov1ded by Rob1nson (1985) of phyletfc gaps
4’~" 1n whach d1vvs1ons cou]d r1se and fa]l is one I*enJoy visualfzing--tn '
quas1~m111tary terms—-&nd keeping in m1nd [{h@;'~'h-,ﬂfei4;\'7“:

K SR S N “.' . lib" [ ‘.‘b ,‘/_, - \v . \".:‘«'\", ’ Ilt‘ l“‘ "."I l:lv““‘; !"., o
S PN 10 History .. |
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‘“ Members of the Andreaeops1da have been known swnce the eahliest

days of bryo]og1ca] study.‘ Dx]]en)us (1741) placed together (1n the '

genus Llchenastrum) members of the present day genus Andreaea and Ieafy

1

hepat1cs--an assoc?at1on that was cont1nqed by Linnaeus (1753) in the ﬁ”J

i; f genus Jungermann1a.; S1nce the Andreaeopsida are the 0n1y mosses with" Vf?
o 9 . v -,v'-‘.
1ong1tud1na1 deh1scence of capsules the pr1mary mode 1n Tiverworts and

‘;‘,hornworts the al]tance 1s understandable Although;Ehrhart (1778)‘“'m
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| recently 1n genera1 works by Parihar (1965) Natson (1971), and

'
K
o

*’.arranged often costate 1eaves, etc Hf‘l”f-at‘,

V,s,of primftive features in the systemat1cally 1so1ated hepatlc 11nes i

‘ﬂfnrepresented by Haplomitraum and Takakia was discussed by Schuster jfff y}y

l) the valvate capsu]e, unique among mosses and s1m11ar to that of

Ewwell developed protonemata with mu]t1ce]lu1ar rhlzo1ds, sp1ra]]y .~-'W "Tﬁ,

Schof1e1d (1985) The Andreaeopsida have not been complete1y mono~ o

graphed Costate species of Andreaea have been treated woerwide

il q. I |

(Schu]tze Mote] 1970), but the most recent works covering the entire L

genus are out of date (Roth 1903 1904 1910~1911) or synopt1c ”
(Brotherus 1924) S e e x

y“x,Primary systematic features of Andreaea have been thought to be (ﬂ{ E

11verworts 2) the presencenof a pseudopod%um and dome 11ke spore sac 'f !,‘
that overarches the co]ume]la, recalllng similar features 1n Sphagnum | SRR
L - C

and hornworts and 3) protonemal and gametophor1c featUres general]y };'i 5

like those of peristomate or .50- ca}led true mosses, the Bryops1da ‘v1z. ?

)
et . G S
' ~ N * Yo ' T N .

A widely he1d view 1s that the Andreaeop51da 1s an 1solated 11ne

; f‘that has*retained many generallzed character1stics Common retent1on .j’]‘“.“”

W . .
R [

{htu(1966), who also related_ﬂgplomitrfum (Calobrya]es) to Andreaea through

fi]"the co o ;tendency of

e

;',‘
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bry01d foot very 1arge spores a calyptra cover1ng the entﬁre C; psule
1, unt1] matur1ty, and a preference for a ]1mestone substrate On account

i DR |

'i”_; of the presence pf a seta, dt was SUQgested that the Andreaeobryaceae

represenéed ‘a transittbna] 11nk between the Andreaeaceae and the

{‘,v.f Bryops1da.t.,35lhf”] “f:&jP,.vgf517,mH[g;“ﬂ‘“',ﬂxvﬁ ‘,jvﬁ:g],",‘f

Systemat1c 1so]at1on of Andreaea has usua]]y been emphasized by

"
. Lo \.
(

class or subclass rank1ng Phy]ogenet1c pos1t10n has a]ways been Iow

o on the tree but branch p1acement haSrShIfted between other basal

groups depend1ng on the we1ght given varloUS features shared with or ],;,{

. al \ o

)
i 3

1ack1ng 1n other maJor groups ' Most often AndreaeopSida has been a0 ?

"a‘ranked equally w1th an['placed between Sphagnopsida and Bryops1dap or, ;ff"

-T;"rarely, w1th1n the pe\vstOmate mOSSes for example by Robinson (1971Y

y
‘ i
'

who Justifwed th1s p]acement by h1s v1ew that Andreaea was no more

l AL R "“_

different from per1stomate mosses than were the Tetraphidaceae wh1ch

- _,\. ' . i
\“" ' .v"~ . L "\‘v‘u'" Yot

S were pTaced there”,N.,';'L~i'5- ‘]jj‘ ~,3j.‘,g.;' .;,;& e

S1nce the d1scovery of Andreaeobryum, the Andreaeopsida have been

KOS
Y ‘y» , (\.’\ '.

Y ranked and pos1t1oned much as before (Parker 1982 Vitt 1984), L Qf‘i“;ﬁ

Vo e

'i Schof1e]d (1980)‘p1aced Andreaeobryum 1n the Andreaeaceae;>noting that
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SN _ .

- an. operculum is unllkely to have developed twlce, SO 1t is parsimonious

S Y
to consider the valvate capsule as derived from an operculate ' one,

They\suggested the posslbility of a relationship between the valvate -
| mosses and the Tetraphldales with 1ts nematodontous peristome w1th four
teeth and” thallose protonemal appendages..ﬂF1lln (1984)‘reached a f
. slmllar conclusion based on other data. “ “ : |
Mlshler & Church)ll (1984) in a cladist1c treatment also cons1d-
A ered the andreaeopsid mosses more closely related to the per1stomate
" mosses than to Sphagnum, with the Tetraph1dales the most closely .
‘ related péristomate mosses In their v1ew, the andreaeop51d and, per1~l
stomate mosses share the following synapomorph1es (lacking in~ :, -
Sphagnum) aerial calyptra, elaborate protonema w1th elongate cells,
elongate antheridia paraphyses, and costate leaves The operculum. of

Sphagnu and perlstomate mosses and the pseudopodium of Sphagnum and

Andreaea were treated as homoplast1c autapomorph1es M1shler & ‘

Churchlll (1984 1985) concluded that mosses and tracheophytes are more

closely related to each othey‘than either 1s to llverworts
, " A

Pr1m1t1Ve features of the Andreaeopsida have recently been empha—
tfw slzed by yts placement by Crosby (1980) and Schofield (1985) "at the’
ﬁ‘h start of their classificat1ons and Crosby further stated that he
considered Andreaeobryum to possess more of the characters he ascr1bed

",
a1 '.-"’ . \

"’to the common ancestor of mosses than’ any other taxon.‘

AN
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" The va]vate mosses x P]ants perennwa], caespitnse poiki]ohydr1c,

A

: usua]]y on seasonally wet rock darkly pigmented, green only when young

or shaded 11p1d flTled Juven1]e stages comp]ex, some persistent or

o RN

'7Lrec0rring Protonemata COHSISt ,of. a ce]l mass that forms within the

‘spbre‘wa1l, the outer Spore coat becomes patchy and deh1sces 1rregular—

]y and from the endospor1c ce]] mass one tosseveral germ tubes emerge, e

M Y

‘ spore11ngs at this stage frequently seen among perﬂchaetla1 bracts,

when spore]1ngs are. attached to normal substrate cyl1ndr1c thal]ose,
pers1stent, rh1zomat1c branched yel]ow1sh protonemata (Fig II- 1
2), f1]amentous rhlzo1ds, and thal]ose appendages are sometimes: pro-

duced, Secondary protonemata somet1mes formed on wounded stem tlssue

(F1g Tf— 2: 1, 2). Rhizoids protonemal and basal on stems or 1nnova-

: tvons, mu]t1ce11ular with ob11que crosswal!s, uniseriate or in Andreaea

also b1ser1ate red- brown, smooth often tipped. w1th translucent,

presumably cementlng mater1a1 Stems genEral]y erect branches 1rregu-e

1ar frequent]y 1nnovat1ve, innovat1ons usual]y 1 3, stems in trans-

v verse section of un1form cells outer cortical cells often sma]ler

and more 1ncrassate than lnner, 1nner ce]ls thin-wal]ed and collen-‘

chymatous or with. age entire ey11nder formed of stereids centra]

strands absent brown blobs of unknown provenance (possibly mucilagin- -

ous) occasiona] on stems (Fig II 1: 9), Axillary mucilage hairs B
present but dis31milar 1n the two orders more - numerous and with more

numerous stalk cells around sex organs. Leaves polymorphic, Numerous

o R v % .
’ . \ e ' e TN
. . o : . v K
‘ JERTE C 11
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gametophores arise from protonemata (w1th or without pr1or formation of
protonemal appendages) e1ther as bud- 11ke shoots with leaves becoming
gradua?]y larger d1sta11y of more often as flage]l?form stems with
1mbr1cate, minute scale 11ke Juvenile Teaves that are abrupt?v
d1fferent1ated in size and form from mature Teaves (Fig. 11~1: 7);
‘flage111f6rm stems also often occur as 1nnovat1ons and areas of Juve~ﬁ
nile ]eaves may recur a]ong upper portlons of stems. Juven11e 1eaves
minute up to- about 0.4 nm long, usua]]y broader than 10ng, deeply ;! J~
concave ecostate or weakly costate at zone of transition to mature ‘
1eaves ' Irregu]ar]y'shaped somet1mes filamentous "rud1mentary" or '
‘prfmary leaves (Fig. II 1 6) resemb]1ng the pseudoparaphy]11a of
Ip]eurocarpous mossés present, usua11y at stem and branch bases Mature'
]eaves spiral]y arranged often br1tt]e larger: and denser on upper i
portions of’ stems, sometimes eroded a]ong Tower stems, costae occur in
"both orders, leaves tipped with single cell.. Sex organSrformed after

. mature leaves deve]oped Perichaet1a terminal (acrocarpous) bracts
d1fferent1ated from vegetative leaves, archegonia usually aggregated

at least nn1t1a11y, terminal (acrogynous) or lateral (anacrogynous)

red- brown when mature, sta1ked and often on pedestals (F)g. I- 1 8),

. neck cel]s fundamenta]]y 6- ser1ate, paraphyses very’ rare. Per1gon1a

B U

'termina] SOmetlmes true{y-%atera1 but often only appearing ]ateral due o ;

to renewed Stem growth by 1nnovat1ons, bu]biform, somet1mes w1th heads ;,f con

w'open and like Splash-CUps when mature, sessile, at least 1nnermost
Vo

,;leaves ecostate~ antheridia el]iptic, 4-10, about 0 2-0. 4 m long, .on ff:ijf“ﬂu

;“1ong stalks with two (rarely more) rows of cells; paraphyses when.,, B
'mature brownish sometimes with bi to mult1-ser1ate portions, rarely

" et BGE
' o - fr T e
. » . . . o
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branched, ce]]s even]y th]ck w/J}édj—uppe:-cells often short, basal »

\\ggf,/fl

rectangular. - \

,v. .

Sporophytes termmnal, usually sol)tary, maturing within gametopby~

tic ttssue a mass1ve ep]gontum (]ater ca]yptra) in Andreaeobryum and .a

pertchaet1um in Andreaea.. Capsu1es on short setae in Andreaeobryum

‘mature sporophytes elevated on pseudopod1a in Andreaea; capsu1es erect

. ch]orophy?]ose when young, most]y b]ack when mature dehisc1ng by

'nth1ckened wa]]s ,Stomata absent Annu11, operiula and per1stomes

long)tud1nal va]ves that ‘do not reach e1ther bases or extreme apices of

- capSu]es a]ves free d1sta]]y on]y when ap]ca] t1ssues dmstntegrate

w1th age af d mechanlcal stress Capsule wal] multistratose, about

o LI

.5—10~]ayered~ Ep1derma1 ce11s of va]ves w1th secondary, p1gmented
, nodu]ar th)cken1hgs on rad1a1 walls, w1th thlck 1ong1tud1nal ahd thin

.ftransverse wal]s, 1nner cell Tayers thin~wa11ed without secondary

th1cken1ngs compressed'W1th age~ basa] eplderma] ce]1s with 4 e&en]y .

/

}Iabsent Sporogenous t1ssue and co]ume11ae presumably derived from the

.‘endothec1um (reported in Andreaea on]y),‘spore sacs’ “dome- shaped |
‘overarching mass1ve, rod 11ke, pers1stent co]ume]lae that are t ste]—

‘ late or 1obed in transectlon, spbre sacs’ not separated byoair spaces‘

uyfrom capsule wal]s, much spore ornamentatlon material adheres to

- _tapetum or, smal] g]obu]es w1thin spore sac Spores form. reach mature

"”3fstze and becOme brown ear]y in capsule deve]opment germination is

' swendosporac and often precoczous (otcurring prior to dehiscence), spores

‘ 'ﬁ'often rema1n 1n‘tetrads until capsules almost mature but not dispersed

?ﬁ"var1able percentage of the spore mass Very 1arge Spores over 100 um, S

’b'occur 1n<both orders (small and medvum-sized spores also present 1n

".¢1n tetrads; spore abortian frequent, often 1nvolv1ng a 1arge but

“l“y.

v T -
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TN

Lo . ey .
T —— R - WG
[ ' . . '



14

i; Andreaea), spores g]obose oval, or pyramidal and curvaturate due to

[N

A methanical restnfct?ons while in tetrads, often with equator1a1 ridge,

W

_; 1naperturate ch]orophy]]ose. usually thick-walled, flnely pap1]]ose or |
& becoming reticulate -papillose as spore wall stretches during endosporic
éﬁ% germ1nation dfstal scu]ptur1ng higher than proximal, Spores usually

;; nwture in spring'or summer. - Epigonium .usually persists until after
C$ﬁﬁeios1s, calyptra usua]]y borne on capsule, very rarely remainihg '

partially attached, to vaglnula

- ' The class Andreaedpsidq has the following features of general
Apccurrence in mossést'i) extensive heterotr]chous protonemata 2)
. axillary mueilage hairs, 3) sp1ra1 leaf arrangement 4) costate leaves,

'”"5)'panaphyses in gametoecta, 6) a seta (in Andreaeobryun), 77 a co]u~

me]la 8) a calyp;ra that: is borne on the capsule apex, and 9) spores
that are shed gradual!y _ .

| In add1tion.both genera of the Andreaeopsida share the following
features that occur also in 'some mosses: 1) caeSp1tose habit, 2) darkly
pigmented)]ants fil]ed with ce]]ular hp1ds, 3) stem 1ack1ng central

strgnd 4) pers1stent or recurrent Juvenile stages,\fhfluding proto-~

nemaea protonema] appendages, and shoots w1th Ju (e leaves 5)

rudimentany" or primary leaves or filaments, usualf; at. stem or branch
bases, 6) archegonia terminal or lateral, with pedestals, Z) peri-
“chaetia terminal, 8) elliptic antheridié pn'long'biseriate stalks,

" formed 1n bulbiform perigonia, 9) capsule protected to maturity within
gametophytic tissue, 10) lack of stomata operculum and per1stome, 11)
spore sac. overarching massive, persistent columella, not separated' from

.

capsule wel],by air spaces, 12) mych spore ornamentation material

e -

/
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lining spore sac and on globs w1th1n the spore sac, and 13) frequent

--- spore abort1on often invo]ving a high percentage of the spore mass.

The Andreaeops1da share with the Sphagnopsida the occurrence of a
pseudopodium (in Andreaea) and with hornworts and Sphagnopsida a
ddme~like spore sac. However, in Andreaea the spore sac is of endo-
thecial origin as in peristomate mosses, not ampbhithecial as in horn-
worts and Sphagnum, | | |

The major defining features ot tne class Andreaeopsida are 1) a
sporeling with a combination of characteristics that includes develop-
ment of a cell mass within the spore wall and production of persistent
cylindric rhizematic protonemata, filamentous rhizoids, and erect
thallose protonemal appendages, 2) capsules that dehisce by long i tudi-
nal slits; and 3) most epidermal cells of the valves with secondary,
pigmented, nodular thickeningsron the radial walls. As far as I know
the cylindric rhlzomat1c protonemata occur in no other _bryophytes;
valves with secondary thwcken1ngs.oceur in 11verworts and hornworts.

The class Andreaeopsida consists of two monofamilial orders that

are represented by two genera Andreaeobryum and Andreaea. Ordinal

criteria are presented in Tab]e II-1 and most are illustrated in
comparative plates (Figq. II~3-§).
Order Andreaeobryales B. Murray ordo novus

A

[
Andreaealibus affinis, a quibus imprimis differt seta, calyptra’

magna, capsula asymmetrica,'v51vis 1rregularipus in sicco fnvolutis
sine suturis cellulis epidermalibus parietibus internis tenuibus aliis

valde crassis, perichaetio verticillato evoluto post fecundationem

LA N o -
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cingenti solum archegonium fecundum, papi]lis mucilaginis rostratis im
p. nematibus necnon caulfbus foliosis, appendicibus cyllndr1cis
fszzgent1bus e protonematibus prodientibus. Typus: Andreaeobryaceae.

f
1

An order with one fami]y, the Andreaeobryaceae Steere (Steere §&
Murray 1976), that is characterized by the features of the only known

genus and species, Andreaeobrxum macrosporum,

!

Andreaeobryum maerosporum Steere & B. Murr. Fig. 11-1-3; 5: 1, 3; 6;
8-15 |

Phytologia 33;: 467. 1976, ~ Type~' Alaska. Brooks Range, Lake Peters,
69°20'N, 145°W; 1974, Murray 6713; holotype in NY, 1sotypes in ALA and

-

13 others, seen.

A

" ’ a ) . a
Plants medium-sized to very large and robust, 2-6 or more cm_high,

~black to dark brown, on irrigated calcareous rock and often with
whjtish calogreous incrustition. Cylindric, unbranched, erect to
.Spreading orotonema].appendages,‘up to about,Z mm 1ong;'frequent1y ’
producedvfrom persistent rhizomatic orotonemata_or rarely from stcon-
dary protonemata on stems. Rhizoids uniseriate, often bearing clavate,
terminally beaked or papillose ce]ls, similar to. gametophor1c mucilage
papillae Secondary protonemata seen frequently on decaylng or wounded .
. areas of stems especially at old stem apices among archegon1a. From
) such redifferentiated embryonic tissue 3-9 fastlgiate innovations
bearing juvenile leaves may form; alternatively proto%emal masses of

) rhizoids..mucilage papillae and possibly propagatjve shoot‘primordia



| | v

pan‘occur (Fig. I1-2: 2, 6)al Mudiiage papiilae variable in position

and form, on primary and secondary protonemata and on ganetophores at'
shoot bases, in leaf axils and among sex organs muci]age papi]lae
elongate often irregulariy curved or strong]y bent gibbous ciavate,
with a terminal beak or papiila, open, but apparently piugged'with
mucilaginous ‘exudate, or closed, ]ateraltwa]ls thin and without breatsﬁ
51m11ar to'mucilage papillae of Takakia, stalked or very rare]y‘ ‘
sessile, stalks hyaline to partly brown, one- cel]ed in axiliary muci~
lage papillae p]urice]]u]ar around sex organs, rare]y branched, 1n
| perichaetia mu01]age papii]ae are occasionally borne on mu]tiseriate or
partially multiseriate stalks or rare]y on apices of tiny perichaetial
" bracteoles. Mature leaves falcate secund, narrowly 1anceolate, tapera‘w
‘1ng from broad bases to thick,»narrow]y obtuse: subulae, 1. O -1. 7 mn

long, O. 2 0. 25 mm wide near the base Costae present, 51ngie lindis~
tinctly delineated broad vup to 1/4 or 1/3 the width of 'leaf bases
filling upper subulae. -Laminae * decurrent, usually unistratose at
extreme base, becoming bistratose aboue Laminai cells rounded __.‘- o
quadrate7tolshort-rectanguiar thick- walled not pitted, not col]env .
chymatous, 12-14 pnt wide, bulging, sometimes With a few Tow papiilae on’
both surfaces, alar cells not differentiated Margins piane \pntire or
crenate be]ow due to’ bulging‘ce11s ' DioicoUs Archegonia s litary or
up to 10 Juxtaposed often later separated by interca)ary stem‘gcowth'
not formed within a gynoecium Perichaetiai development fo]]ows
‘fertiiization and a perichaetium surrounds on]y one fertilized arche-
~-gonium; unfertilized archegonia are displaced laterally Nith ferti]-

‘ization stem growth ceases, “receptacular" tis§EV)enlarges to aCCOmmo-i

date deeply penetrating foot and frOm this expanded‘embryonic tissue .f_

W, '”
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numerous leaf prlmordla emerge and several closely overlapplng gyres of :
‘perlchaetlal bracts form; perlchaetlal bract 1nsert10ns are close |
together bracts are un1ted to receptaCular tissue so that rlngs of
bracts are closely attached basally to stem t1ssue, some bracts appear

‘connate Perichaetial bracts varlable 1n siﬂe and form from costate.

decurrent with oblate prOJect1ng marginal cells, and little different1- |

~ated from stem leaves to ecostate and strongly differentlated large to

-

mlnute lTobed or entire; m1nute perfchaetial bracteoles bear mucilage f\ ,gﬁ
paplllae aplcally Inner perlgon1al bracts crenate frbm oblate pro-

Jectfng marginal cells minute bracteoles sometimes present paraphyses‘ a

Vo
i

numerous Pseudopodla absent

Sporophytes frequent, single, rarely two sporophytes deveﬂop

within separate perlchaetia if two archegon1a are fertllvzed Setae ,

"

'and capsules develop S s1multaneously Setae, ma551ve, short and broad

\ \

1. 2 1.5(2, 0) mm long, 0.2-0. 4 m wide, rldged and flattened when cah

Ly

mature, slightly twisted to the left in Surface view, cells in surface

:{ view- rectangular with evenly thickened walls, in longisectlon central

cells thin-walled end walls transverse to slightly obl1que, in trans-
'verse sectlon outarmost 3 5 TOWS wlth round + evenly thick-walled |
cells, 1nnermost 7-11 rows with oval- hexagonal, thin-walled collen-_,fwlvl
chymatous cells, 1nner cells hyaline when young, becom1ng brown, spongy:'
VHand “Strongly compressed and collapsed when mature and setae are flat- |
tened, with age seta hollow, foot longly tapering as’ in ggxu_, transferf‘t
:;cells well developed with wall ingrowths projecting into’ gametophyt1cﬂ;*‘~ !
.kA tlssue. Capsules to about 1. 5 mm long, ‘ turblnate, elongate oval when ;
young, becomlng broader and tapering gradually to the apex and abruptlyi],ffi

. to the base, upper valved portion conic with rounded to almost flat»‘ﬂhw

‘ W . v . i
- f e . " ) o B / \ '
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pex, capsules little changed in shape by changes in. moisture, valves f N
'-l not bulging when mature and dry, capsules often asymmetric £ oval in '
| transection, due to effect of flattened and slightly twisted seta into
which the lower eapsule tapers, dehiscence irregular, suture cells

absent Valves in conic upper portion of capsule, irregular in: number _‘,

| and size, 4- 8 often 4 6 main and 1 2 subSidiary valves, valves strong-
ly 1nrolled when dry, almost flat and slits closed when wet; with .“ | N -

| mechanical stress and age valves sometimes become free apically or fall

- )

leaVing a cup~like capsule base Epidermal cells quadrate to short~

. rectangular valves in transverse seotion w1th triangular lumens in o b".‘
mature epidermal cells, the inner bases very thin-walled, sides secon-‘%

I

darily very thick-walled and pigmented Outer cells of lower capsule

1

below valves 51milar to outer seta cells, of 2 3 rows of evenly thick- '}' '

walled cells (Fig II- 12 8) Spores very large, spherical to oval L

shriveled brown spores about 35- 65 pm, turgid green spores about

»

‘ 60 l00(l22) um, spore wall thick but fragile papillose to reticulate—

papillose ' Spores mature in summer Sporophyte develops to maturity

l‘. [

within epigonium or calyptra, calyptra formed when epigonium ruptures l fl;.
usually near capsule base due to capsule and seta elongatiOn,,sometimes B
: capsule pierces_spigonium apex or, rarely the epigonium forms a lateral
slit thr0ugh which the‘capsule is released Calyptrae large 0 9 l 5
" mm long, multistratOSe 4- 5 layered often with scattered large papil-j ;;“ﬁt
lae in the middle part (Fig II 12 7). covering apsules and prior to 'H“x
\v?mturity,,the upper seta, often persisting to maturity, yellowishj:‘ _i7fg‘:;$

L : '

/brown. mitrate, but often becoming cucullate when capsules widen y

-t 3
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‘Distribution »Endemic to northwestern North'Amerfca (Fig. ‘11 10)
o /" AT ’ e S,
where Andreaeobryum 1s sporadic but often*locally abundant on wet ‘vf~@{iv,,ﬁu

O] : ' , T Y " ) N
v " ey 1 PR . B ]

calcareous_c]1ffs 1n mountains.‘ “hﬁ;”\ﬁ}“ﬂhf“‘ew.h_'f‘*'H g,jhuf:*””ﬁ‘ﬂ
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“w,f‘ In addttidn to the features descyqbed by Steere & MUrray (1976) “P*ﬁ

Andreaeobryum can be d1ffereht1ated from An:reaea'by severa1 others-hlxﬂfa,e]n

_:u the terete frequent1y produced protonemal appendages (Fig II 1‘ 2,1‘4un,1ﬂ?f

4 . |u b )

“.2: 85"9) the beaked muc11age pap1llae occurr1ng ‘on protonemata as we]] ‘ hrﬁ
as on gametophores (F1g ‘lI 2 1~8 3), the poSitloh of archegon1a and/ riffu
formation of the per1chaet1um (ng II 14 15-'1), and the structure'“‘,]ffiy

| 'and dehiscence of the oapsu1e (Fig II 6 8) As far as 1 know these “agw
, -..‘mﬂ e TN

features have not been described 1n other mosses,.,The'relat1onship to,‘ f;fj“

PR ‘| M )

|\,

“Takakia,, h ]o \b d 1 1114€, 75, di db]
a akia whic als has eake muc1 age pap ae 1s 1scusse e ow ST

\ [T S
O B

§teere & Murray (1976) also mentioned the strlk)ngly large spores.‘fI‘ffgj‘b

.|‘ : )

have since seen spores almqst as large 1h Andreaea meglstospora B ‘;g};rﬂif

Murr (Chapter IV) {g.?p QI).'L'_fiiﬁfﬁltaﬁg_g“ ix




Aoroscmsma (Hook f & Ni]s ) Lind]ey,lVeg, Kingd 63 1846 (f1de

f‘ N1Jk et a] 1959) - Andreaea subg Acroschlsma Hook f & w1ls.. London

J Bot 3 536 1844 [- Type A wt]sonii (Hook f )‘Jaeg ‘;”“'1“
t fe‘ Neuro]oma Card., Revu Bryo] 38 50 1911 Hom 11e9.. non ’
Neuroloma DC 1824 - Type" ' N fueg‘ianu Card S \ S " T
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; Lf P]ants sma]l to 1arge-and robust,‘O SLIO or more om hzgh brown,

[ f,"
I

purple red tb b]ack on ac1d1c to mi]d]y bés1c rock or 1ithoso]s“T '
Sparse,‘small dors1Ventra1 protonema] appendqge$ rarely seen“ Rhf—
,zo1ds bn1~ and b14§er1qte, ]ack1ng c]avate, term1na11y beaked ce]ls ‘:”Tfhiﬂ

-

Secondary stem protonemata infrequent. Muc11age heirs axil]ary on]y,],e?

' rstalked, s1m1]ar to thOse 1n many mosses, with 1—3(4, rarely more)

[
R “"I

,v~f\ quadrate brownfstalk cells and 1(2—more 1n 4nflorescences) elongate,ﬂf;”“t”

?3. co]lared, muc1lage presumably secreted through wa11 and ruptured
o cutic]e. Mue{ﬁage hairs )n perlgonia sometimes transltional 1n form to

paraphySes

Yo




thick-wa]led ce]ls.,,Submarginal costa llke bands preseht 1n one
'fnﬁyspecies.u Lamfnal ce]ls«var1ab1e 1n ecostate spec1es usual]y Short '
above becoming rectangular to elongate be?ow mid leaf and basal ’,'f'fy{

Can

L margina] ce]]s diffenentiated, 1n costate species often shont ‘;>if<:

H"H througnout;'SOme subcosta] cel1s rectangular-‘laminal ce]ls usua]]y ,.;, s
unistratose 1n ecostate species, usual]y b1~ to mu1t1-stratose' at R

\“".“‘I ‘ " 4 . ‘,‘ ““ .

least locally\wn costate specfes, transverse wa]ls very thxn 1ong1tu- .

dinal walls often thick and pltted, rarely th1n or unpitted, somet1mes

‘i}}l smooth or’sinuose Marglns usuadly plane to somewhat 1ncurved ref]ex~ i

- .! N o\"‘u 'I'

ed in a few\species.ﬂ Asexual reproduction from gemma 11ke branch1ng

,u v

filaments produced from Iamrnal ceils seen 1n on]y one spec1es “",‘;3{
Usua1]y cladautoicous, often d1ff1cu1t to demonstrate due to bn1tt1e jfgf““.

”'V.stems, rarely”dioicous or gonioautoicous Archegon]a aggregated,‘about

’

3“6 rarely so11tary, formed w1th1n a gynoec1um, rare]y Seéondarlly 'fﬁjﬂlv

latera]?y d1sp1aced Perichaetial bracts Iarge, usua11y 4 6 often L

e

kdifferentiated convolute and sheathing, inner bracts often tattered ‘it:f

‘..
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. ﬂ‘\'sporophyte cons1sts of capsule and bulbous to shortly taperlng foot

i

L .

‘

.

S oo

! f walls tan

[

"Tfi:\;

w1th moderately developed transfer cells,; Capsules about 0 S to 2 0

long, when dry contracted and valves bulging, when wet ell]ptlc and

, valves closed capsule e symmetr1c,,dehisoence by 4 or rarely 6- 10

B
v"‘
f

A

""‘sutures of th1n-walled cells that form llnes of dehiscence present~'

,1."'

[N f

[
i
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valves, capsule apex con1c~apiculate margins of valves reflexed when

I '
\ .

dry, plane to sl1ghtly 1ncurved when wet bases from (1/8)1/4~1/2(over ]'f'\

3/4) the length of the capSules Epidermal cells rectangular to

Cor A

long rectangular w1th pore l1ke th1nn1ngs at transverSe wall area, o

»

valve epwdermal cells usually oval and WIth all walls thlck 1n transaiw"
verse sect1on, all 1nner walls secondar1ly darkly pigmented outer

Cells of lower capsule s1m1lar to valve cells but lack
'y |

secondary th1cken1ngs Spore abort1on frequent or 1n several species,

l| ‘rare, spores small to very large (10513 60(110) pm, spore wall some-

ea

tnm;? frag1le, usually pap:llose to retlculate papillose rarely almost

Smooth Spores mature from sprwng to fall Calyptrae very small

cons1st1ng chTefly of unmod1f1ed archegon1al necks, (1)2(3) layered

dellcate and membranous below neck campanulate mltrate, persistent or

‘Distrihutidn
\
mounta1nous regions of both hemispheres, 1n tropical areas only on the

Generally dlstributed in subpolar and oceanlc

i ' .
, e L R . i L .

h1ghest mountains. S N IR e

i . R o A !
o o A}

" The major d1agnostic features of Andreaea are outllned fn Table ,W”

~}_r;tl-i; As*can. be seen also by comparing Fig 1I- 3 9 52959299 and.

s
PLIN
SR T

Andreaeobryum are very different, and no intermedtates are known ltl.ﬂ

--} \
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is clear from the sharp morpho]ogical and developmentai differences

that the two lines have. been fso]ated for a very Iong time

Comparative Features of Andreaeobryum and Andreaea

' o )

o , Juvenile Stdges

Juvenile stages occur between spore germination and sexual matur1~

\

ty, and 1t is in these stages that the’ magority of systematic features

that define the Andreaeopsida are found. In addition to their vaivate

'Vcapsule the Andreaeopsida are characterized primariiy by compiex and

‘ persistent protonemata, which may a]so recur on mature piants Cond1~

tions that control deveiopment are not known .but a fundamental plas-
ticity is eVidenced by the production "of. different structures’ from the
same type of primordia] cell, ‘e.g. protonemal appendages or gameto—

phores juvenile or. mature ieaves and, in Andreaeobryum, mucilage

”papillae or rhizoids. Both genera have Simiiar patterns of spore

germination, spore abortion, protonema] development and gametophores

' &'with juvenile leaves. The major differences are the occurrence of‘“"

"‘protonemal muciiage papiliae and the reguiar formation of Cy]indric

protonema] appendages in Andreaeobryum Both features seem to be {‘

v

unique for mosses and are similar to organs in !akakia.

r', . ; T A
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Observations of Andreaea have been made primarily by Berggren

:' 17“

(1868)! Kﬂhn (1874), Nehira (]963 ]976 1983),\and Nishida (1971,‘;‘3"

Y(""
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£1978). My observat1ons largely corroborate the1rs, and Andreaeobryum o

‘f011ows a s1m11ar pattern Spores of the Andreaops1da form -and mature

N

"early 1n the deve]opment of the capsule. In most spec1es spore abor-

'tlon occurs (Flgq II~11 12 9) and’can 1nvo]ve a 1arge but varjable

portton'of the spore‘mass Spores become mu]tice]lular within’ the

‘spore wa11, often pr1or to capsule deh1scence The @]obose to ovate

—

cell masses formed have two to.many cells, and spore s1ze 1n the group

»reflects th1s endospor]c increase in volume due to ce]] d1v1510n In

|
'

‘.any one species the s1ze range of 11v1ng spores is large. the 1argest

'spores often about twice the . s1ze of the smal]est (e.g. 1n Andreaea““

\ b]xtt1 Schimp from '10- 23 pm, in A meg1stospora B Murr and Andreae-

)

‘obrzum from about 50 110 pm) As the spore wa]] stretches to

w* ﬂ"t

’ accommodate the grow1ng ce]] mass, the pap1]lose ornamentation becomes\

K »P"

“'ret1cu1ate and patchy (F1g I1-11: 2, 12: 9 10) The spore wall is -

L w

“thick, but espec1a]1y in spec1es w1th the. largest spores, it can be N

'

very frag11e (the pressure of a coversl1p ts often enough to break open

the exospore and release the contents. as a’ green amorphous mass)

After capsule dehlscence one to severa] germ tubes emerge, and the

“!spore coat breaks open 1rregu1ar1y The germ tubes are unf- or

b1 ser1ate f1laments or mu]t1ser1ate cy]1nders and consist of rhizoids,
e 6

| ‘caulonemata, ch1oronemata and 1n A macrosporum 'also protonemal

,E‘mucilage papi]lae. Spore}ings at thls stage (Fig II 12 11) are often

‘ k seen w1th1n per1chaet1a or among leaves In culture, Nishida (1978)
L saw leafy gametophores produced d1rect1y from the g]obose endosporic

f cel] mass but I have seen this on]y once 1n herbarium material

The germination pattern of the Andreaeopsida no doubt provides a

,QSporeling, at the time of capsule dehiscence, that ‘is. prepared for

ooy e R \ ; . . g
YL A ) A - : o * .
n



1mmed1ate growth should condvtfons be favorab]e or possib]y for a
rest1ng stage An ab111ty to shut' of f. deve]opment after 1n1t1a1
sporeling formation unt11 conditions are appropriate. for further growth
1s postulated but experimental wor? has not been undertaken Endo~ |
sporic germ1natfon 1s generally cons1dered an adaptat1on to xeric.
conthfons at least seasona]]y, and is usua11y found 1n what are
considered specialized mosses, but 1t could we1] be a very ear]y

[

'adaptation of plants emerging into a xeric habitat—~land

~

The Andreaeops1da have a wide range of spore s1ze, about 10- 110 um -

_1n Andreaea and 50~125 um in Andreaeobryum Medium-sized spores are

often considered p]esiomorphic for bryophytes, but 1arge spore swze

" could have enhanced the surv1val of a precociously germ1nat1ng spore,

“since a much larger protective ce]] mass can be formed w1th1n the spore
coat Determining the direct1on of evo1ut10n of this character in the.
Andreaeopsida may not be poss1b]e Large spores are,qften found in
1mperfect]y dehisc1ng capsu]es in spec1a1ized groups wh1ch suggests .
that the feature is not pr1m1t1ve. On the other hand foss115 of ear]y‘
land plants with pOSS]b]e bryophytic aff1n1ty 1he+ude large-spored taxa

'with unclear means of dehiscence, e. g. Horneophyton and Naiadita.n And

‘. Bhutta (1973 c1ted by Taylor 1982) reported mult1cellu1ar gametophytes

| -

1n spores of Horneophyton. o s
‘ ‘ Co

dfpSporeling:establishment'and‘protonemai development -

N aa

Numerousagametophores;can‘ -

. \
Y o
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- leaves. cou]d evolve from mucilage papillae. The elaborate stalks and

u]t)mdte]y be produced from one protonema? mat In Andreaeobryum

rh1zoids are a]mqst always complete]y untser1ate, in Andreaea un1ser1-
———————
ate and blserlate Wa]]s are- usua11y smooth; rare]y have I seen

peg ]1ke thickenings on inner surfaces (cf Redhead 1973). »

The protonemal mat grows on the surface of and a]so penetrates the

outer layer of the rock suhstrate The mechanism of penetrat1on 1s

unknown, but there is presumably a muc11aglnous mater1a1 that perm1ts '
t1ght attdchment to the substrate (Redhead 1973)
As far as [ know, cy11ndr1c pers1stent rh1zomat1c protonemata are

not known in other bryophytes, nor are b1ser1ate rhizoids in mosses.

“Long1tud1na11y and transverse]y 'septate, digitiform rhﬂzoida] apfces’/,

" occur’ 1n hepat1cs in Sch1stoch1laceae (Schuster & Engel 1977, 1985).

In many mosses protonemata are ephemera1 and~cons1st of uniseriate

" . filaments. Perenn1a1 protonemata occur 1n some groups, such as the B

Ephemeraceae whose gametophores are short 1hved and the Grimmiaceae,

wh1ch grow 1n s1m11ar hab1tats to those of the—Andreaeops1da.,f

The product1on¢ in Andreaeobeym, of s1m11ar, c]avate, beakeu ‘

N muc1lag1nous ce]ls on both protonemata, 1nc1ud1ng rhvzoids and . gameto-
‘ phores, iR leaf axils and among sex organs (F1g 11- 20 1 8 3),
unlque It seems clear that the two structures, rhizoids and;nucilage

- papw]lae have the same derivation Ax1llary and. gametoecfaT muc11age E

W

‘pap111ae (discussed be]ow) were probably der1ved from the protonemal

',became protect1on of embryonlc tissues.‘ It does not seem . likely that

-;the muci]age pap11]ae of Andreaeobryum are mod1f1ed from other types of

’ ' . .
_v"‘.\A.‘-“ , . . » o PR - ; - . . A
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_ ‘form, and they e]aborated sta]ks and leafalike bases as thelr function -~{‘”

".'fi}aments or from leaves Schuster (1967) suggested that 1n hepatics‘a"il

‘ﬁ

-
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RO
T““perichaetia] bracteoles bearing mucilage papillae in Andreaeobnyum

(F1g I1-2: 3, 4) show how th1s could occur in mosses.
Protonemal mucilage papiTlae‘areﬂunknown in other mosses; beaked
mucilage papillae are"known only in the genus Takakia. The relat1on—‘

hip between Andreaeobryum and Takakia is discussed be]ow

Andreaeobryum and Andreaea can both form tha]]ose. chlorophyllose

protonemal appendages; conditions necessary for formatlon are unknown,
Protonemal appendages are rare in herbar1um material of Andreaea, but

scdrcity mdy. be, {h part, due to lack of observation, since most

. materfal is gathered without the substrate attached In Andreaeobryum,

however, they are frequent terete and up to about 2 mm Tong (Fig;vll~
i 5), differind\in form from the smal] dorsiventral appendages‘of"
Anjieaea (flgured by Berggren 1868, Kuhn 1874) " Protonemal appendages
of Andreaea resemgle the pseudoparaphyll1a like pr1mary leaves that
occur most often at the bases of 1nnovat1ons in the Andreaeopsida
J

(Fig IT-1: 6), and it may be that these structures are homologous

Andreaeobryum mater1a1 that was kept over w1nter'1n suoarct1c "

cond1t10ns in Alaska produced numerous. ch]orophyllose appendages as
soon as snow cover melted. 'vﬁF% rapidly produced 1ow- grow1ng out- &9
growths or enations are no doubt energetically efficient photosynt‘hem‘

organs

’
' -

Thallose protonemata are rare 1n mosses and are found 1n groups of
uncertain phylogenetic position but which are often cons1dered to
'retain primitive features (Sphagnopsida Tetraphidaceae, Diphysc1aceae,
in add*tﬁﬁh to the Andreaeopsida) I4 the Ahdreaeops1da» gq@etophores

can(form in the absence of* protonemal appendages. *Schofield (1981,

M~1985) said that in other.mosses, protonemal appendages;pzegng\\
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gametophores.. Protonemal appendages have been considered to be derived
and to egrre]pte with'speciaiized epilithic habitats (Schofield 1981,
Crandall-Stotler 1884), but there is no c]ear'evidence of this.
Crandall-Stotler (1984) noted that the major Similarity in sporeling
development in mosses, hepatics, and hornworts is endosporic germina-
tion and the 2ccurrence of prothallial forms in non—mesic habitats and
that such patterns are parallel adaptations to similar habitats
Crandal] Stot]er (1980) and Mishler & Churchill (1984) also considered
the compiex protonemata of the Andreaeopsida to be derived or modified
from fi]amenteus forms. I'see no reason why precocious endosporic
" germinmation, complex thallose protonemata and protonemal appendages
co&{d not, in some cases, represent very ear]y speCIalizations of Tand
plants especially since they occur in groups generally held, on pther
grounds as well, to be the most primitive representatives of bryo-
~ phytes. Similar reasdhin§ has been presented by Robinson & Shaw (1984)
to htghlight relationships between valvate mosses and the Tetraphi-
daceae. -

Thus, the plastic protonemata of the Andreaeopsida with their
varied special structures serving as perénnating organs, hold—fagts,
and c]one-producing rhizomes and with the ability to produce protective \\
mucilaginous hairs and rhizoids and, under appropriate environmenta]
conditions, Tow-growing photosynthetic appendages, couid be a model for
an effective early land plant. Features such as these, possibly in
existence before erect leafy axes were developed, could have enabled ‘_~~1§
the piént to withstadd'weter stress and large amounts of UV radiatio%i::;;;?

- and may represent retained primitive traits. These.adaptations'and

others permit some members of the Andreaeopsida today to inhabit the
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most stressful envirdopments of all in terms of[molsture, temperature, -

-~

and exposure.
Another possibillty, soggested by the fundamental differences in
~ the protonemata of the‘Andreaeopsida from those of other mosses, is
that andreaeopsid rhizoids and rhizomatic protonemata are uniquely
~derived and not related to the rhizoids and filamentous protonemata of

other mosses.
. Formation of the gametophore and its juvenile stages

A bryophyte gametophore is formed when a lateral initial on the
~protonema differentiates an apical cell and typical threeedlmensional
growth ensoes,(Knoop 1984). It is not hnown what"conditions (environ-
mental, internal, or a combination) control whether an ap1cal initial
1s ~formed laterally on the cyllndr1c protonema of. the Andreaeops1da.
Sometimes the 1nit1al fails to form and a photOSynthet1c protonemal
appendage is. produced instead of ,a stem axis (Ktihn 1874) Under
) appropriate conditions, however a faceted apical cell is produced and
gametophores form. In the Andreaeopsida two juven1le forms of ,leaves
occur, primary leaves and Juvenile leaves which may precede the

production of typical mature leaves.
(‘.

Primary leaves: At the extreme bases of stems and branches, often
withln gynoecia. are frequently seen irregular filamentous - or leaf like
structures. These structures are also seen occasionally along stems

‘where there 1s no apparent branch prlmOrdium (Fig 11-1: 6). Similar
. i
structures have been termed variously primary leaves, accessory

.



‘leaves, rudimentary 1eaves, paraphy]lia, and pseudoparaphy]]ia See

Ireland lg,l and Buck (1984) for comparat1ve terminology and discus~

K

sions of paraphy]l1a and pseudoparaphy111a, structures in mosses
considered conflned to p1eurocarpous mosses. Primary leaves-of the
Andreaeops1da are 1rregu]ar in occurrence, shape, and size. ' They can

be f11amentous partly f11amentous and partly. multiserlate or leaf- 11ke

~and uni- or\partly pluri-stratose. They are minute or up to 1 mm-or so _

'1ong. These\leaves, which occur in both Andreaeobryum and Andreaea,
\

. are similar 1n form, and are perhaps homo]ogous to the dorsdventral

protonemal appendages of Andreaea They also recall the pseudopara-,
phyllia of pleurocarpous mosées jn both form and position.
\.\ .
Juvenfle leaves: 'Buds of gametophores can develop immediately 1nto
shoots bearing mature leaves, -but muchemore common]y the leaves along a
\

greater or lesser ergent of basa] stems and branches differ strongly in

size and shape from ordinary leaves. These leaves are usually termed

juveni1e léaves or scdle-leaves (Fig. II-1: 7; 13: 1, 9), and they
range from minute to largerbstructures that intergrade into the typ1ca1
mature leaves. ,' \

The Juven1]e leaves\of the Andreaeops1da and the other specialized_

Ieaves formed by the group‘(gametoecial primary) are s1mpler in form

than‘the mature 1eaves Th y have few cell types and are generally

. ecostate, even 1n costate ta a, except in the zone of transition to

~ mature leaves. whether these simp]er forms are primitive. or derived 1s«

not determinable. ft-may be t at they are simply different, and serve

a different function under diff‘rlng environmenta] conditions as has-

been suggested for other mosses e. g. Zander & Hoe 1979, Mishler 1986).

. [ T .“’ ;. ..- ,31 ‘»‘.
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It is likely that the abrupt leaf dimorphism is a response to change in

32

environmental conditions (1ight, moisture temperature etc ). Juvenile

leaves occur commonly in several groups of mosses, especially those in '

epilithic habitats (Pottiaceae and Grimmiaceae for example) and have
been considered specializations But as with other features so consid-
ered (precociously germinating spores, protonemal appendages) ‘they . .may
be manifestations of early adaptations to land where Simple low- :
growing, opportunistic photosynthetic structures could be advantageous

_The occurrence of Juvenile leaves in many, bryophytes, including groups

© that appear to have retained primitive features ﬂaplomitrium Takakia,

! l

Tetraphidaceae and Polytrichaceae, among others, could be a result of

their occurrence early in bryophyte evolution Just as they may be

later specializations in some other bryophytes There are two ways toy

look at such features as modifications for dry habitats in VarlOUS‘ :

primitive mesic forms, therefore developed in paralletl. by many groups,

" t

or as modifications to the early dry habitat land therefore early

derived features common to certain lines of land plants "Both Views

\ U]

have merit

Asexual Reproduction' o
: " B
?

one protonemal mat Following growth and branching, clones are formed

by decay of. older stems. Stems and branches usually have an initial

In the Andreaeopsida, numerous gametophores can be produced from ‘

period of growth by proliferation of imbricate Juvenile leaVes that 53'

precedes the production of“hature leaves and sex “organ




.more common y one to three are formed

j'mats can be precursors to bud or protonema] appendage formation.

U

points, whor]s of up to nine shoots may be produced as’ innovations. but

Regeneration whereby gametophytic cel]s redifferentiate become -

‘,embryonic and produce new gametophytic p]ants, is considered to be a
.,primitive evo]utionary character in iand plants (Bopp 1983) In

; Andreaeobryum secondary protonemata form frequently on stems, usua]]y

uwhere tissues are damaged or decaying, often at oid apices among

| 'varchegonia From this regenerative tissue 1arge mats of mucilage. hairs

‘Qand often rh1201ds form (Fig I1- 2 1, 2) SuCh rhizoid-mucilage hair

K
4

i |

£

"Hﬂ'Sometimes numerous propagula are seen on -these pads of mucilage papil-

" 1ae and’ rh1201ds These are ea511y detached and consist of short stemsﬁ

- with, apparently, p051t1ve1y geotropic rh1201ds and negatively geo-

o

‘“tropic muc11age hairs and minute leafy buds (Fig I1-2: 6) whether

these minute plants become detached and form 1ndependent gametophores

in. nature is unknown
'n‘.

. I ‘have seen gemma ]ike structures on Jeaves in only one species of

JAndreaea In A. urophzll Robins., for which sporophytes are unknown.

'numerous, short or long,. branching f11aments are produced from bulging

N

‘ leaf ceiis.‘ The filaments or gemmae, can deve]op into mu]tiseriate.
'icylindric branched protonemata, become detached “”H'produce»rhizoids
'“and ]eafy buds (Murray unpubiished data) ‘What triggers the production
'l?gof the f1iaments and whether it can be induced in .other species with.

: ﬁ:bulging laminal cells is unknown As with the production of secondary |
y‘protonemal masses on stems, it seems to occur most often in old CL

A decaying leaves. w,y '



"No dEVelopmental study has been made of conducting tissue in ‘

.Andreaeobryum As in Andreaea (Hébant 1977) the central stem tissue |

whseems to consist of pitted conducting parenchyma and no dlStln"‘i

central’ strand is apparent (Fig II 13 6) Young stems often have
i thin-walled and pitted central cells, but in old stems all cells are
%“often stereids | o -f,‘” I ‘“«‘ | | “

' o,

_Leaves

v . .
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The production of mature leaves, usually followed by sex, organs,

W'“marks the mature gametophore. As discussed above, Juvenile and proto-

nemal structures may recur on mature plants most notably'Un irinova-

'j tions which have basal rhiZOids and primary leaves and frequently

~ .. several millimeters of juvenile leaf growth Mature leaves are more

‘elabOrate in form and cell types than are primary or Juvenile leaves

No speCialized conducting tissue is’ present in costate species |
V(Fig 11-13: 4‘»5) thn (1874) discussed Similarities in cell divis
’sion during leaf deve}opment between Andreaea and hepatics on dne
'hand and mosses ‘such” as. Sghagnu and Tetraphis. on the other
Crandall-Stotler (1984) pointed out that the leaf development, reported

"."by’Kﬂhn (1874), from a dome-shaped rather than a two sided apicaT

’»cell in Andreaea was an exception to the normal bryophytic pattern. '

-1f:Emig (1921 reviewing Pottier 1920) reported that, in Andreaea angustata



\vLindb., the singletsided aplca1~cell may be replaced by an tnitial w1th‘df'w

"two faces and that Teaves formed from an 1n1tia1 ceT] w1th two faces

‘\ r
l"'

4 ‘,(dare ecosta%e and those from a one 51ded 1n1t1al ceTT are costate

.whether SuCh a sw1tch §s’ inVOTVed in heterophyTTy 1n the Andreaeopsida

N unknown L. y I Ve M~‘_ . .”-*y' ; ,: ' ?"~‘
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The muc11age paplllae of Andreaea are always hair T1ke (stalked)
. and ax111ary., Stalk ceTls are brown and quadrate to short rectangu]ar,

and the muc1lag1nous ceTTs, which may be several, are cylindric to x

clavate, hya11ne or brown w1th age and pers1stent or: evanescent a

B A

- (Fig. II 4). The muc11aglnous cel]s are thin-waTTed w1th _numerous

'T'breaks 1n the outer cut1c1e that sometlmes give a co]lared appearance

. (as in Dlphxsc1um) Muc1]age format1on has not been demonstrated in
‘the Andreaeops1da but it appears to be the same as in other mosses

, (Wanstall 1950). . : ’ C

Muc1lage pap1llae in Andreaeobryum d1ffer in pos1t1on and form

'ffrom any reported for mosses, 1ncTud1ng Andreaea.~ The muc11age papil-
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Tae of gametophores*ar“one-celled broadened above to gibbous, irregu-ﬂ'"

‘;iblarly curved to strongly bent, mottled brown thin-walled with a

'term1na1 beak or pap1TTa through which mucilage is apparently,extruded
‘ They can be sessile or, much more common]y, sta]ked Muc1]age papfllae
-are frequent around archegonia where stalks are from one to severaT
| tcells h1gh irregularly mu]tiseriate, or mucilage papiTTae can occur
tfrareTy on the tiny bracteoTes adJacent to developing sporophytes ‘

;(rig. 11-2: 1-8 3 14 ‘1, 2)

e
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Mucilage papil]ae 1n Andreaeobryum are very s1milar to those 1n

Takakfa and fn’ no way resemble those of Andreaea whfch are typ1ca]]y

Ny

moss 11ke Given a protonemaFlor1gin for m cilage pap1]1ae in' Andreae-

obrzum and no evidence of protonema] mucilag papillae in Andreaea, 1t
s possible that ax111ary hairs in Andreaea have a d1fferent or1g1n and

P that the two structures are not homologous If der1vat1on 1s s1m1]ar,‘
. / ' ' '
strong evo]utionary d1vergence has occurred ‘ T

Just as there are no morpho?og1ca] ‘Tinks between the muc11age

\

) hairs of Andreaeobryum\and those of Andreaea and other mosses, Schuster

(1984a) suggested that the mucilage pap111ae of Takak1a are not homo]o— |
gous with those of other hepatics and that sl1me pap1llae have probab]y
origfnated several times to” mee¢ specific needs,.not only: the pr1mary

‘ 'need of 1ubr1cat1ng shoot.. aplces -The posit1ons of the gametophor1c

mucflage ha1rs in Andreaeobry\m are like those in hepat1cs rather than"

1n mosses where’ they occur only 1n leaf axils,. In- hepat1cs, such as
“Frullania. (Schuster 1966)._they occur on diverse parts of the plant
— 'ﬂ

between archegon1a at ap1ces of immature leaves or underleaves may be

reduced to s]ime papillae.A In hepatics aSrln Andreaeobryum, s]1me

papi]]ae are often in part transformed into p]ur1ce11u]ar structures o
- with multiseriate bases.-‘\.fJﬂ‘off LTy |
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The Andreaeopsida are dioicous Or more commonly.cladautoicous,

that is'yjth each sex on a separate axrs.x Crandall-Stotler 01984

P]. I 6) figured an 1nflorescence of Andreaea rothi1 Neb & Mohr oo




37

‘ termed syno1cous, but, unfortunately, the antheridia are not clear 1n
| Athe pub]1shed photograph R } ‘ ' ‘[' h .
' In c]adauto1cous spec1es, branch systems often bear a sing1e sex

R for a cons1derab]e period of t1me wh1ch 1eads to the’ separation of the ,

1

' sexes and a decreased poss1b111ty of 1nbreed1ng, however, presumably

: when env1ronmental cond1t1ons perm)t a unqsexual branch System can
/
\ ’ )

‘ ‘“,sudden]y produce organs of the other. sex. For this reason it is
‘d1ff1cu1t to conc1ude that a species is obl1gately dioicous, and few
; seem to be This pattern of sex organ d1str1but1on that usual]y
promotes outcross1ng but can pehnit 1nbreed1ng in leafy 1iverworts 15”
‘discussed by Longton & Schust:!*(l983‘ p. 446)- "We have here a
"'fasc1nat1ng model: .one spore, carry1ng botho’ and 3 chromosomes, i
glv1ng rise to a genetlca11y b1sexual gametophyte which separates
" gynoec1a and androecla temporar1]y to ‘the po1nt where 1nbreeding
becomes d1ff1cult, 1f not 1mposs1ble Yet, 1f no opportunity for
- outbreed1ng occurs, one can v1sua11ze a s1tuat10n where a 'late
‘ archegonlum is fert111zed by sperms from an unduly early antheridium .
iand vice versa. f p-r.p IR i | |
Archegon1a1 poswt1on is also flex1b]e. The Andreaeopsida are
;al ‘acrocarpous per]chaetia are always termlnal. and after fertilization
| ;t\further growth 1s from 1nn6vat1ons withln perichaetia.‘ Old sporophytes ‘gph
,5(11ke per1gon1a) can appear latera] due to subsequent innovative
i.growth Although archegonia are usual]y formed 1n terminal groups,
pw1th subsequent growth by 1nnovattve branching (acrogynous), they can'::

" also be remote and lateran-more commonly in Andreaeobryum than in

iﬁ.Andreaea. oIn some 1nstances it appears that the lateral pos}tion 1s I

'5|6{because the apical celleis not speht 1n the production of archegonia



o 38
'.kand further stem growth takes piace this pattern is termed anacrogyn—

“ous.' In other instances, the laterai position may resalt from dis—

J' ,

5.‘placement of termina], aggregated archegonia. by 1ntercalary stem .

growth Anacrogyny is difficult to detennineggy study of herbarium
'
‘materiai Usua]iy innovations can be detected by the pv<sence of basa]

) '

'rhizoids and- a s]ight narrowing of gﬂrth and change in direction of -
L ¢ v ﬁ .
o growth In the absence of these c]ues,—one can hypothesize that main UL

Cuh

‘stem growth 1s c-ntinufng and archegonial formatioﬁ is anacrogynous |

-?jgnggvery rare in acrocarpous mosses, and it is not

Coem -
v

. known if. the ‘ateril position is the resuit of cOntinued stem growth or ‘

Py -

‘Jh of displacement from a‘terminai ﬁead by grdwth of intermediate tissues

(Chopra & Sheei 1974) A combination of acrogyny and anacrogyny,c

'luincluding ]aterai disp1acement, such as dEcurs in the Andreaeopsida, is

present 1n H;plomitrium subg. Hapiomitrium (Engel 1981 1982)¢ ‘ ~1:l¥m
In ﬁggrgggg as is typica] of mosses, archegonia are produced 1n 4

ugynoecium of sma]i often sheathing or tubular ]eaVes The cluster of

‘.about three to six archegonia remains within the demeloping perichae-,:c‘x

-,‘4tiym Lnfertilizéﬁ archegonia oh]y rarely‘BECome secondarily lateral o ,qu

_and aré seen among«the outer perichaetiai bracts Usuaiiy they remain‘,

: w;at the base:Mf,or, in” some spécies scatt%red along the pseudopodium

I" Andreaeobryum archegonial position differs“ From one to about?]f“'

ten archegonia can be formed in c]ose'proximity, but each one is ff@ ¥

'-prrotected by muqiiage h@irs and often surrpunded by leaf primordia andfft7~’

o N e
,Cyoung 1eaves. Unlike Andreaea, the fertilized archegonium is solitaryg”

7"ihwithin the perichaetium wﬁﬁch degelops after productionaﬂf archegonia,ﬁ”fg;[p_f

;.t mostly after fertilizagion.‘ Unfertilized archegonia that may have been1;7'.

ﬁ;iaggregated when produced become 3cattered among ]eaves on the.stemt
, ‘ RS “f7\?'~ -as.i,?ni . se;; R ,“x”ﬁihylﬁ: ‘:a?ﬁ[: ;. 4
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.+ Protection of the sporophyte ' i RN
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below the sporophyte or one or two may remain: among the outermost '.',‘

»

per1chaet1a1 bracts

Antheridia are clustered in bu]biform perigonia that are usua]ly

5§

. term1na1 or sometimes true]y latera] , Numerous per1gonia cén be formed
in c]oSe pnox1m1ty on branches or branch systems they 1ook 11ke beads"

‘o‘n a‘;trmg | 1 do not know 1f severa] generat1ons can form in a single |

‘season but the often greater number of anther1d1a1, as- compared with |

: archegonlal generat)ons on adJacent branches suggests that they can,

: oo ! i '
' ‘o : ton
. Loy
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In the Andreaeopsxda, sporophytes deve]op to" maturlty w1th1n the
protectlon of gametophyt1c structures Such protected deve]opment

‘ occurs 1n a'few mosses gphagnum and Archid1um for example, but 1t ‘fg

o

ontrasts sharply w1th development in most. mosses in which: the capsu]e |

¢

matures after seta elongat1on Schuster (1979) stated that nd‘group of

ﬂand plants other than hepat1cs has wholly 1nternallzed the sporophyte \;

‘ unt11 maturIty, thus removing 1t from normal selection pressures He

‘»9

hypothe§1zed that 1nternal1zation occurred at’ the very start of hepatic

RN

\vt:v evolut1on wh1ch explalns the relative uniformity of the. hepatic capsule

p~ in Andreaea proceeds as 1n other mosses, after fertillzation. gynoecial

Q

“1‘5. and the gametophyt1c d1verstty, The 1nternal1zation of sporophytic

development 1n the Andreaeopsida (and the Sphagnopsida) suggests that

-

the feature may be plesvomorphous for bryophytes. ““‘n a s'{ ;,

u\ ) . ‘\\ \-.".‘ .\' o “~ Lo “,‘ .
4

PerichaetJUm' As stated above, aggregated archegonda focm within o

gynoecia 1n Andreaea, but not in Andreaeobryum. Perfchaetial formation

B LT

RS
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“leaves develop into large protective perichaetial bracts. In most
°\

species the bracts are sheathlng and tubular, and the sporophyte

develops to maturlty within their protectfon

v

In Andreaeobryum perichaetlal development contrasts sharply w1th
K .
that in Andreaea——and as far as. I know, 1n other mosses After -

archegonla form, numerous: leaf prlmor a appear among archegon1a and

B mucllage halrs as emergences in Vary1ng\stages sf\development and
L wlthout obvious phyllotaxy (Fig. I11-14: 1,}%( Pr1or to fertil1zat10n
‘“stem growth can separate archegonia along the\leafy stem After f@
fert1llzation the stem 1nto wh1ch the foot w1ll penetééte th1ckens,
and a wldened region of receptacular tissue forms\\mud1lag paplllae B
and leaf primordia emerge from 1rregular bulges (Figu, I1- 14 4, 5)
Internodal growth ceases, and numerous bracts of var:\ble shape and

.

degrees of development surround the young capsule in several(t1gh§ly

! \,
compressed gyres Thirty or more bracts can make up the. perlchaetgum ‘

Bracts are extremely diverse in size and form (F)g I~ 14 6, 7), some }

"

are qulte\ m1lar to mature vegetative leaves, others are ecostate and
_gvariable in shape, from l1near to lanceolate .or renlform The inner-
';flmost are tiny and can bear mucilage paplllae. Some are lobed and

This may be’ a result of int1mate connect1on of |

,"5mattac ed to stemjtissug_when one attempts to scrape them from the stemAV

(F‘lg u 14 2) o T e Co

“l. " o N ‘r. B - . A .
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Calyptra' Ln most mosses the eptgonium (the archegonial envelope that;f

. C 5 o

protects the developing sporophyte) ruptures very early, prior to 5

meiosls and capsule development and forms a calyptra that is borne on’

“ : ! o D 7(, e
. i *,..— P . - u RN
A . . P Ve e
o : . o . ! PR

' with each other and w1th stem tissue ‘ Bracts remain' L



the apex of the sporophyte In hepatics the archegon1a1 enve?ope (when (
L developed) protects the sporophyte until maturity and 1s usual]y
B ruptured at the extreme apex In the Andreaeopsfda (and in, the Sphag-
nops1da), the ep1g0n1um ruptures and the calyptra 1s formed when
capsu]e deve10pment IS well underway and after me1osf§ : “:

R E | “‘ M1sh1er‘& Church111 (1984) 1nterpreted ca]yptral development 1n'
the Andreaeaops1da to, be like that of most mosses and un]1ke that of
Sphagnum hepatlcs, and hornworts However even though the andreae-

fh h ops1d eplgon1um does not tear at the extreme apex as in hepatics and
Sphagnu deve]opment 1s otherw1se very like that of SEhagnum and seems

T nearer that of hepat\cs than' that of " otheﬁ}nosses

In Andreaea the eplgonlum becomes fragi]e and membranous as
capsu]e e]ongat1on occurs The rupture occurs above the middle of the

C capsule and the ap1cal remnant’, or calyptra, is often seen on . the

e]evated capSu]e apex, the most consp1cuous part be1ng the unmodifhed '

archegon1al neck (F1g 11-5: 2’ 7: 1) In Andreaeobryum the ep1gon1um

S en]arges early and is mass1vé and’ mu1t1stratose It often encloses the -
develop1ng sporophyte unt11 1t s nearly mature. As the capsule and
seta e]ongate, the epigon1um tears at the upper seta -and the ca1yptra

formed often rema1ns on. the capsu]e unt1] 1t 1s mature The archegon- .

" A\

‘1a1 neck d1s1ntegrates early but the lower part 1s ]ong Iasting
- (Fig. II 5 1 6: 1 15 1- 4) when young the calyptra has ]arge
.' pap1llae on 1ts m1dd1e~part (Flg I1- 12c 7 14 4) . = i}ﬁﬂ

= o h [ Co . _.. o ,')“.4 "y N
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Pseudopod1um° The capsu]e 1n Andreaea is" protected by the perichaetium

3

unt11 Spores are ready for dispersion at whfch time mod1f1ed stem and

Lo

| archegonial tlssues undergo rapid ce]l elongationﬁto form a_

.‘\.



‘ pseudopodium. In several specles, mostly in subgenus Chasmocalyx
GBralthw ) Llndb , the pseudopodlum retains what is probably a more
pr1m1tlye, s tem- like character Reduced 1eaves, axillary hairs; and

.unfertlllzed garchegonia can be scattered along 1t “In most other.
Andreaea Species, the stalk is naked.

In Andreaea the mature capsule breaks throhgh the usually tubular

L perlchaet1al sheath as it is. pushed up by the elongatlon of the pseudo-
+ podium.’ It s of interest thatwall Andreaea capsules have an ap1culate

'apex whereas the Andreaeobryum capsule, protected in a massive calyp~

"tra and wlth a crown-like rather than a tubular perichaetium, has a
more or less flattened or obtuse apex. Most hepatic capsules have
rounded apices, but 'some groups with marsup1a have beaks. Schuster
(1984&) has. suggested an analogy to. the egg- tooth of an emerging chick,
whereby ‘th evolv1ng beak As linked with the reduction and loss of the
calyptra an the evolut1on of a thick wall that the escaping capsule

must push 1hrough

In Ahdreaeobryum stem elongat1on stops abruptly with the onset of

capsule development, in some species of Andreaea (in subgenus

Chasmocalz ), the upper leafy stem elongates considerably during
capsule development and in all Andreaea sSpecies the gametophytic
stalk. the pseudopodium elongates by intercalary’ growE after the
capsule is mature. ' ’
Pseudopodla occur 1n the genus Sphagnum and have been reported
elsewhere in mosses only in the genus Neckerogsi (Touw 1962). In *
Sghagnum unfertlltzed archegonia occur at the capsule base above the
| foot, in Andreaea they occur at the base of o}‘on the surface of the

t

16
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pseudOpodium The pseudopodium of Andreaea is undoubtedly independent-
iy der1ved from those of other mosses.

A

Sporophyte
Foot

As Crandall-Stotler (1984) has pointed out, when a seta meristem
is absent, only a bulbous or shall conic foot will be formed. Thus the
d1fferences in shape of the foot of Andreaea (bulbous to short conic)

.and Andreaeobhyum (dagger-shaped) can be related to differences in

Qhowth, a seta meristem never being produced in Andreaea. In both

genera transfer cells are developed, strongly so in Andreaeobnxom

(Fig. I11-12: 6).
Seta i ol

Seta and capsule develop simultaneously in Andreaeobryum, unlike |

most mosses where the seta develops prior to 'the capsule andvprioh to’

. meiosis. In Andreaeobryum the seta is massive and short. No central
strand is present, but there is a distinct 1ahge central cylioder of
cells with extremely thin wa]ls except in corners, where strong collien-
chymatous development occurs ‘These cells are hyaline when young but
become extremely spongy and are collapsed and rust-colored when»mature.
Mature setae are strongly,flattened and often ho]low due to the col- .
lapse of the delicate. inner cylinder (Flg II 6:4; 12: 1-4). In ° ‘

long1section the cells of - the cy11nder are similar to the outer

-

.
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cortical ce]ls, ob]ong with slightly oblique cross-walls, however they
have thinner walls and become rust-colored and devoid of contents.

Mishler & Churchill (1984) considered setae in mosses ana~11vé;¢7

worts independently derived. It seems likely to me that the presence

*of a seta s plesiomorphic in bryophytes. Seta development in Andreae~.,

obryum seems to have more in common with that of primitive liverworts, .
which have massive setae with thfnﬁualled ce}]s (Schuster 1966); than
that of other mosses. It 1is possible that the massive seta of“Andreae%
‘obryum, with the inner cylinder co]lapsing ufth'age, fs primitive‘and
that the ephemeral aerial axis elevating matdre capsules of hepatics h

evolved from a similar structure. Setae of hepatlcs pr1or .to’ rap1d

final cell e]ongation often are similar in length to ‘that of Andreaeo-

brzum.

Capsule

\~<

Just as the format1on and structure of the capsule stalk 1s

complet y different in Andreaeobryum and Andreaea, 'so is the structure

and deh1scence of the capsule. The main, different1at1ng features are
outlined in Table I1I-1 and 1]1ustrated in Fig. II-5: 3, 4; 6-9. I.can
see no relationship between the two capSules beyond the’ facts that
secondary pigmented thickenings are present and dehiscence is along
e longitudina] lines, features lack1ng in other mosses but present in

" many hepatics and hornworts The secondary th1ckenin§s in the two
~,gener'a which no doubt strengthen the capsule wal] and regulate deh1s-
cence, are laid down differently (compare Fig. I1-8" & 9) There does

not even appear to be a basic four-parted symmetry, evident in .
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Andreaea, in the capsule of Andreaeobryum (compare Fig. 11-6 & 7). The

capsule of Andreaeobryum is somewhat dorsiventral and asymmetric, due

‘to the flattening and tuisting of the massive seta. , The upper seta and

lower capsule cortical cells are similar to each other (Fig. I1-12: 1,

8). Because there are no reqular lines of deh1scence with specialized

. suture cells such as occur in Andreaea and in hepatics, the valves in

Andreaeobryum are formed very irregularly a]ong 11nes of least resjs-

tance in the irregularly arranged, secondarily thickened epiderma]
cells (Fig. II1-6: 5,6; 8: 5). Four or five, rarely six, 1rregular
mainiValves are formed, often with several smaller subualues that do
not reach the aotcal tissue (Fig. 4{595- 3, 5, 65 15: 5) The‘va1ves
are strongly inrolled when dry and almost pféhe when wet; repeated
wetting and dry1ng causes stress to the tissue and over a period of
t1me the apical or basal valve t1ssue breaks leaving either teeth like
processes (Fig, 1I-15: 6) or a cup-like base (Fig. 11-15; 7)., In’
Andreaea, by contrast,lthe capsule is usually symmetric and with four
(rarely more) valves (Fig II- 7)w Valve p1acement is always -determined
by 11nes of s ec1al1zed th1n—wa11ed suture ce]ls (F1g IT-5: 4; 9:

1- 3), similar to those in many hepatics Valve margins are slightly '

reflexed when dry and almost plane when wet.

In neither genus is there a trace of an opercu]um ApTcal capsule

. “cells.are d1fferent1ated from valve cells (as are basal ce]ls), but

there are no spec1a11zed separating cells. " I see no reason to assume

-that the operculum developed but once in bryophyte evolution or that

the andreaeops1d capsule is derived from an operculate one as postu- o

lated by Robinson’ & Shaw (1984) The structure 1s simp]eland the

"occurrence of operculate (as well as inoperculate) dehiscence 1n

S

€
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ascomycetes and hepatlcs (Marchantlales) 1llustrates that 1t can be a |
homoplastic feature. o | S

Because there are no intermediate forms between the‘tﬁo‘typesrofl
capsules and no similar structures in other bryophytes, l do not th]nk

it possible to determine the direction of evolut1onary change of\"‘

charaeters 1nvolved 1n capsule deh1scence The occurrence of suture Q}f

cells (that serve the same functlon as the annulus in operculate "f,:

mosses) in Andreaea and in many hepat1cs suggests that th1s feature 1s

Lor (

plesiomorphous, but 1rregular deh1scence, sometimes appearlng long1tu-

‘A

dinal 1s present in some early land plants (e.g. Sporogonltes [Halle

1916]) so th1s may be a pr1m1t1ve form and suture cells may be homopla-

sies in Andreaea, liverworts, and hornworts
Ultrastructure

Spermatogenesis
Duckett‘et al. (1983) reported results of spermatdgenesis studies

that showed that spline apertures are two tubules wide in Andreaea,

Tetraphis. and §phagnum and one wide in most other moss genera. Spllne

. ‘Widths did not prove to be very useful taxonomically, but the w1dest

Splfnes are 57 tubules ln the hepatlc_ﬂgplom1trlum (Carothers & Duckett.ﬂ

o 1979) and 44 tubules in the moss Timmiella (Gambardella & Sposito 1982

cited by Carothers & Brown 1985) Spline widths in tubules for most

hepatlcs are from 13-23, for most mosses 12- 15 Andreaea rothii {s one

of few exceptions with 23 tubules (Carothers & Duckett 1978) Nothing

1s known about spermatogenesis in Andreaeobnyum.

[
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A Duckett & Carothers (1979) reported that in most moss antheridia,
Jjacket cells'are uniformly ‘thin-walled but that Andreaea appears to be
‘unique since ‘'the antheridia have three longitudinal grooves from tips
to bases df the’ gamete cavity and the Jacket cells subtending these

grooves are smaller and’ thicker walled than the other cells.. e

Spore wall formation

\ —

Recently two. studies of spore wall format1on in Andreaea have been

made (Brown & Lemmon 1984 Filina & Fllin 1984) Brown & Lemmon (1984)
Al

| studied A rothii and concluded that development in Andreaea differs

;from that of other vascular and nonvascular cryptogams ip that no .

X trilaminar elements are present, that is no inner 1amellate layer is

A
Al

‘involved in the. formation’ of exine. They considered (p 412) that

A

“this ultrastructural evidence of departure from the fundamental

gpattern of exine development 1n mosses supports the taxonomic isolation

o of Andreaea from mosses of the Sphagnopsida and Bryopsida. o Filiha &

F1lin (1984), in their study of Spore wall develr‘mect and structure in
A. ruEestris, also dend no lamellae However, they feTt that the

conclu51on that tripartite lamellae always participate 1n the formation
~of exife in mosses is premature Since lamellae have been found in Just
a few mosses. y'."‘ | _
Brown 3 Lemmon (1984) reported that the exine is first initiated

as discrete, irregular globules within the Sporocyte wall and later

:loosely compacted to form an incomplete layer. Since the paper by
;Filina & Filin is not readily accessible and their interpretation of

".spore wall development differs from that of Brown & Lerrmon. 1 have |

) . . .
T ’ ' i . ' j } &
. LY L : s /
’ o . . . o .

Vol



' that are precursors of sporopollenin ~ This wavy Jayer represents the :
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translated several passages (p 89) '"There appears by the end of

‘ cytoklnesls, on the distal surface of protoplasts of young Spores, a .

wavy layer, in section appearing 1nterrupted composed mostly of

electron-dense homogeneous plates, in all probab1llty of substances

rudlment of the future acetolysis- stable membrane layer It is p0551-’f

| “ble that the material for 1ts construct1on came partlally from the

L

Ly

Bl

3

'growth-of the‘spores the electron dense plates merge together forming a

) as 1n'A rupestr1s. ‘that-is osmlophillc globules, whlch appear 1n the o

exine results from the merging of osml‘phll1c globules and the remark- l"

f able transformatlon of their substan

protoplasts of the spores, s1nce the dark layer does not closely abut
the plasmalemma, 1nstead between them lighter sections'with bubbles are’

vﬂslble.,,,,,L.,,,,.,.,!...f:;.;‘ ..... peeens gQ..S;,J..,l ........ ... wlth ’

A

more or less uninterrupted layer The spec1al wall undergoes a very

great reorgan1zat1on in 1t espec1ally in the zone borderlng the ,(;

spores appear numerous osmlOph1lic globules gradually accumulat1ng on." 3

the surfaces ‘of. the plates g . | \
, F1llna & Filin (1984) compared the1r f1nd1ngs of A rugestr1 w1th
literature reports and microphotographs of oxher mosses and concluded "

that there is (p. 96) "no doubt that the 1n1tial stages in’ the forma-

A

tion of the spore wall in many bryo1d mosses proceeds in the same way

’ i

speclal wall of the sporocyte and the intersporal partit1ons, partlci-‘ -

4

pate in- 1ts construction.........,....f;..;fl...;;L .J.....;.;...,;ll..'vt

.TV.......,.....Ev1dently in most mosses thus far ~tudi d homogeneous

i In othbr words the way the“ L
homogeneous exine of mosses is forme\fis not different, 1q our vlew, u*”l'

frdm the acetolysls-stable lax layer of the sporoderm of A rugestr1 ;?.‘f""']

ﬂ

e
s "
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In partia] contradict1on to the conclusion reacﬁed by Brown &

*"Lemmon (1984) F1lina & Fllin (1984) fe]t that in’ spore wa]] ultra-
‘ structure the Andreaeaceae are sim1lar to many bryalean mosses and

‘remarkab]y dist1nct from Sphagnum BRI : s ,6‘

e
F111na & F111n noted the presence of an acetolysis- unstable outer

1ayer which they considered to be’ comparable to’ the po]]enkitt of o

. anemophllous anglosperm po]len gra‘hs Th1s Iayer may be the same as

_‘the electron dense mater1a1 that occludes 1nterst1tia1 regions in A

rothii :as descr1bed by Brown & Lemmon (1984). '.", . ,,?

”J . Nothing 18 known of spore wa]] deve]opment in Andreaeobryum

. ? ) .‘I " | | )
" + Cytology / o S« o
- !

Noth1ng is known about Andreaeobryum and 11tt1e work has been done
]

on Andreaea The chromosome number n= 10 is reported for six species of

Andreaea’,/A% austra]is F\ Muell ex M1tt (Newton 1980) A.

d;press1neryts Card., A ga1n1 Card (Kuta et a] 1982), A. nivalis - @

, treated by Anderson & Bryan is A roth11 ssp. rothii The,welsh,” o

,Hook (Yano 1961 1962 c1ted by Fr1tsch 1982) A. rothii (Anderson &
.Bryan 1958), *and' A rupestr1 (Khanna 1964) Smith & Newton (1968)51'"
~_reported n= 11 for Welsh matérral of A. rothii I have ‘examined the,“‘

‘cytological vouchers of A rothii Eastern North American mater1a1

KN

«-.materval is A. roth11 ssp. fa]cata (Schimp ) Eindb ‘7"*r
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g,"i . Nothing 1s known of Andreaeobryum and 1itt1e Of.ﬂEQEEEEE’" I" the

"i. .
' f‘ recent review of bryophyte~chem1stry, Andreaea s 1nc1uded on1y 1n a

tablé 113ping steroids (Huneck 1983) F]avono1ds have not been found

in Andreaea (McC]ure & Miller 1967, c1ted by Huneck 1983)

QQ “” 3f Suire & Asakawa (1979) fe]t that the comp}ete acetylaf1on‘of
ﬂ-methronine by Andreaea and Sphagnum supported thelr separat1on as

. classes from other mosses. *quever, F111n (1984) reported that’ Pokorny
(1974), to whom Suire & Asakawa referred reported s1m11ar meth1on1ne |
metabo]ism also in the genus ngg_ M1sh]er & Church111 (1984 1985)
consﬁdered the ahﬂlity to d1stingu1sh D-methion(he from L-methionlne a

L

synapomorphy separating hornworts mosses and tracheophytes from

p
7

11verworts ) . R ,

va c
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'lo IEEERE Relationship betweeh Andreaeobryim and Takakia I

A

P-3 . L e o Lo -
C sy . ° . v o
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:'Brief history of Takakia

T o . . T £ ) s 7' , - \
. e

Since 1ts discovery in 1951 (Hattori & Inoue 1958), Takakia has

. Q' ‘,' .

been considered hy most hepatic°]°9‘5t5 a very Prim1t1ve archegoniate ?*‘u‘ 9

a PR

X -representing "an isolated branch [that] orrginated among the ancesfors
of modern brxophytes" (Hattor1 & Mizutani 1958, p 302) It 1s most
closely related to Haplomitrium among hepatics but also has aff1n1ties

to mosses. Literature on Takakia has been summarized up to 1968 by d‘w

Hattori et al (1968) and from 1968 to 1973 by Hattori et aT (1973)

Cranda]I-Stotler (1986) Iisted most recent references, to which can be

PO
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‘ added other Systematlcally useful papers, Hattor1 et a1 (1974) ahd D

K. ‘Smith (1978 ‘;5”‘ o T A

Takak1a has been ' var1ous1y class1f1ed because of 1ts possess1on of’
featUres that ane hepatic 11ke moss - l1ke or unique " Because critical
structures such as anther1d1a and sporophytes are unknown and many of

.1ts features are cons1dered pr1m1tive its p1acement remains controver~

f s1a1 _ Most often )t has been treated as'a 11verwort 1n an order near

\

‘Aﬂ’

LY

fhe Ca]obrxales (Hattor1 & Inoue 1958) or in a suborder w1thin the

Ca]obrya]es LSchuster 11967). M1zutan1 (1972, cited?by Hattor1 et ‘al.
1974)'Erected a new c]ass w1th1n mosses to accommodate Takakia, and
Crandall Stot]er (1986) segregated 1t_1n a new d1v1s1on.‘ L

The genus Iakakla cons1sts of two. spec1es found only. in the -

Northern Hem1sphere T ceratophylla (M1tt ) Grolle (S1kk1m, eastern \,.

Nepa] Alaska) €99~I~ ﬂfu:do}ao1des Hattor1 & Inoue (northern Borneo, |
eastern Nepal Japan A]aska, Br1t1sh Columb1a), see maps 1n Hattor1 et .T
. 1974, Sm1th 1978." S ;f? AN o - 't' .
": Among the hepat1c-11ke features of, Takakla are. the pltted water

-

conductzng cells found elsewhere énly in Haplomltrium and Metzgeriales

(Hébant 1973 1979), anacro ypous;archegonia (Hattori & Mizutani 1958). ;\f

L ‘
and a bas1ca]1y hepatlc ]1ke chemistry, although hopane type tri-ig

terpenes cons1dered character1st1c of some mosses also occur (Asakawa B

.
e

PN --,,,‘.‘,,

" \

o et a] 1979) | g‘ R ;t%.f?_ﬂ}\“.%4'j”ft"]7a”h“hL .[‘,,;-v"

'fi Severak character1st1cs of Takak1a are shared wlth ﬂgplomitrium

a]one among~hepatﬁcs 1eaf1e$s rhizomat1c axes axillary and rhizo-'

B mat1c muci]age papillae, much mucilage secretion, and lack of rhizofds."‘”

S
e

(cf Hattor1 et al 1974) The occasional broken apical slime cap of

muci]age pap111ae 1n Hap]omitr1um hookeri (Sm ) Nees was compared to f



the open beaked mﬁciiage papiilae of Takakia by Noriey (1969) | |
Membragf-enciosed oii bodies, found in mest 11verworts 1nc]ud1ng

Haplomitrium ‘are 1a€king in. Takakia Qﬂattori et al, 1974). . . ., f

Moss- ]ike features of ' Takakia 1nciude axiiiamy mUCilage papiiiae

" and archegonia that are chiorophyiiose (Hattori et al 1968) have six'

: rows of neck cei]s (Inoue 1961, cited by Hattori et ai 4968 Hattori |
. et al. 1968) and 51t on pedestais (Mizutani 1967 cited by Hattori et

al. 1968 Hattori et al. 1968) - e

Several features have been con51dered pecuiiar to Takakia among

I
‘a

bryophytes These inciude beaked muCiiage papiliae with muc11age

exuded from burst beaks, occurring on both rhizomatic and ieafy axes li‘”.'u
~ and differing from the. ax1]iary muc1iage papiliae that iack beaks

(Proskauer 1962), cyiindric leaves, and 1rregu]ar phyilotaxy (hattori &

Mizutani 1958) Another unusua] primitive feature in Takakia 51m11ar ,

*'to that in hornworts, Isoétes and Seiagineiia and one whosé systematic

significance s unknown, is the occurrence of only one or two piastids '
o

in meristematic stem apex and ieaf primordium celis (Proskauer 1962 : ‘ !’f
Fig 115 Crandali Stotier 1986 Fig 33). Chromosome numbers of n=g " . L
and n= 5 reported for 1252512 (Tatuno 1958 Inoue 1973) are not known in -
hepatics.‘,,, o S - B - ll o R I" ‘
Students °f.1252512 have commented on itS unusua] growth that

- shows a piastic1ty that does not appear to be geneticaily fixed Such
growth has been considered primitive Hattori & Mizutani (1958)

'”; reporﬁiﬂ new shoots forming from epidennai ce]is or ceil masses on
stems as weli as by regeneration from meristems on detached ieaves.r‘
Hattori et ai (1968) reported that rhizome growth was meristematic but

that leafy stems were formed when an apicai ceil with three cutting

.7-‘—&"',




L bryophytes“ (1986 p 19) o v.’ﬂff'ff:\j‘d,

o 'from Andreaea Csee Tab]e II 1) are, apparently aISo unknown in the E

L

.‘faces was produeed They also described the abiiity of each type,of
axis§ to produce branches of the other type Proskauer (1962) also

‘ reported this type of meristematic growth’and wondered at the roJe of

the apical cel] in such a system. Chopra (1981) suggested .that typioa]

~ three- dimen510nai bryophytic growth was not yet genetically fixed

since subterranean axes always had meristEmatic apicai growth and leafy ,

.vshoots coqu grow either with or without an apical ce1] Crandali-

A

"a-Stotler (1986) undertook arf ultrastructura].study to detennine the

_growth system in Takakia . She confiried that rhizomatic growth in _.'

Takakia is meristematic, from a dome of meristematic teiis 5he found a.

e”simiiar growth pattern in leafy shoots and that each cy]indric ieaf

developed 1ndependent]y from a Single epiderma] initia] (Crandali~

- Stotler 1986 Fig. 28) ~ This growth pattern differs from that of

ﬁ;piomitrium in which both rhizomes and 1eafy shoots grow" by means of

segmented apical ce]]s (Leitgeb 1875, cited by, Cranda]l Stot]er 1986)

K‘The smooth rhizome apices of Takakia that@cdhtrast with those of

“‘“mer1stemat1c growth differentiates Takakia "from aii other extant -

"'Haplomitrium, which are mammii]ose from bu]ging.epidermal cel]s and

muc11age papillae, are mentioned by Hattori‘& Mizutani 1958 and’ figured ;
by Cranqgﬂi-Stotier (1986 Fig. 21' 22)." Crandai] Stot]er Conclhded
B

| # e
that %he iack of apicai celi growth and the presence of genera]ized

f,Comparatiue'featuresv';' a
. l"‘ ‘ : I v e‘ _v‘,“'l ) PR B ‘ . 5
Three of the maJor features of Andreaeobryum that distinguish it

.cv" '

-,
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Sphagnopsida and the Bryopsida These are the cyl1ndr1c form of the'
protonema] appendages (the c]osest known are the funnel shaped append~
age of the Dfphysc1aceae and the spatulate one of the Tetraphjdaceae)

. the . beaked muci]age pap11]ae and the deve]opment and structure of the\
perichaetium The natural development of secondary protonemata and

R

numerous branch buds espec1a11y on_decapitated stems is another str1k\“ '

1ng feature of Andreaeobryum S)nce beaked muc11age pap11lae have been/
reported previous]y Qn]y in the genus Takak1a a compar1son of morpho—i*
loglca] characterfstics of the two genera was made | o

‘Muci]age papillaé3 : . : S ;““xf”, N

\

The muci]age papillae of Andreaeobrxym and Takakia are’ morphologl-,

-

cally simllar Muc11age papi%lae of Andreaeobnyum are 1]1ustrated in

Fig I1-27 2 8 3 14 ‘1 and can be\compyred with 111ustrat1ons of
those 1n Takakia by Hattor1 & Mizutani- (1958 F1g 1 k, s [as a
-.?\ fungus], 2* c, d [as fung1], h) Proskauer (1962 Fig 2 10) Hattor1
i et al (1968 Fig I 16; I1: 8; III 28 ), and DK, Smlth (1978 Fig.
" 3 i -n, 4) In addition to structural s1m11ar1ty, mﬂb11age halrs 1n
o the two genera occur iﬁ sim*Tﬁr\\bs1t1ons on both rhlzomat1c and 1eafy
‘:v\axes Mucilage paplllae are often massed and are often seen . at the'
bases of outgrowths or enat1ons Compare Fig II—Z 8 w1thﬁ%1g 1
of Hattori & Mizutan1 (1958) On erect axes muci]age pap11]ae in both

genera oqgur in leaf axils among sex organs,,e¢d at the bases of jf

-‘] outgrowths or enatioss. In Andreaeobryum they occur at the bases of

regenerative shoot primordia (Fig II 2 6), 51m11ar structures are

known 1n T ceratqphyl]a (D K Smith 1978 F1g. 4)



Rhizo1ds are present 1n Andreaeobryum but are absent in Takakia

L

As stated above muc11age paplllae and rh1zo1ds appear to have the same

der1vat1on An Andreaeobryum ‘ These observations together w1th the ‘

, morphologica1 and pos1t1onal s1m1}arify of mucmlage pap111ae in

ﬂndreaeobryum and Takak1a,’support the hypothes1s of Hattori et al.

(1974) that muci]age pads on ]ower shoots in Taka 3 are possibly

) N
, homologous with rh1201ds in Musc1 though d1ffering 1n function

" .~ e \’“‘ y. L
- Schuster (1973), expressed a svmt]ar‘v1ew concern1ng hepat1cs. ‘that

: rh1zo1ds and muci]age pap1]1ae areﬂyery s1mr]ar ontogenetfca]]y and * '
that perhaps mucilage pap1]ﬁae are der1ved fnpm a‘7re ex{sting hoIdfast
“

1n pr1m1t1ve gametophyteSxand thus may‘%er1ve from rhizo1ds arrested in

-

' ear]y developmenta1 stages whether Takakia ever had the abi]1ty to 1;
;-—-4-—’

produce true rh1201ds is- unknown .

L \1 o PrOskauer (1962) d1scussed the p0551b111ty that the opehégbéaked |

muc11age pap1]1ae of Takakla m1ght attract al mycorrhiza] partner NBut!'

as he stated the presence of hyphae 1ns1de pap111ae is, not conq]us1ve

)

. fv In Andreaeobryum fungal hyphae have been seen around the beaks\

L However muc1]age pap1llae orig1nated, 1t seems clear that the ma1n

L oo ER

AR funct1on is protect1on ‘of embryon1c tissue in both genera '

—o b

On account of s1m11ar1ty 1n structure s1mi]ar1ty 1n p051t1on and

L]

) apparent s1m1lar1ty in funct1on I propose that the muc1Tage papibla of

Andreaeobgyum and’ Takakia 1s a uniquely shared homoldgous feature that ;‘

deflnes A clade 1nc1uding the Andreaeopsida an jTakakia" ‘Nhether this

iy : é - '. a’
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K‘ J&andric photosynthetic appendqpes

A,/
The protonemal appendages of Andreaeobryum and the so-called ',;>
e

Jeaves, phyl]ids. oy endﬁ1ons of Takakia could be unrelated, yet they

are similar 1n strue;hre and unknown in other bryophytes. Compare

Fig. II-1: 3-5; 2: 8, 9 of Andreaeobnyum with numerous illustrations of

!akaki in Hattori & Mizutan1 (1958), Hattori et al. (1968, 1973), D
K. Smith:(1978), and Schuster (1984b). Both structures are produced

without a faceted apicalicell. In Andreaeobryum they are produced from

cylindric protonemata of the rhizomatic axis (Figj‘1i~1: 2 shows the

_abrupt change from one to"the other) or from secondary protonemata on
LY - ) A 3N

stems; in Takakia they define the . ;called leafy aXis: The cylindric

-

enat®ns in both genera appear mor“vﬁ'oot Tike than leaf- ]lke ‘

Schuster (1984b) reported that shoot-1ike 1eaves of Takakia sometimes
develop archegonia from their apices and suggested (p 901),thatﬁ)the
anomalous structures in Takakia, sometimes called leaves, may have
evolved wholly 1ndependently from 'leaves 1n other bryophytes

\he remote common ancestor of Takakia and Andreaeobryum could

}1ke the hypothetical hepatic ancestor of Schuster (1979), have 1acked
| true leaves and rhizoids. - Instead it may have had total meristematic
- growth or incomplete fixation of apical cell growth, sfmp;e enations
. such as mucilage papfllae and cylindric photosynthet1c emergences and
prostrate and possibly .also differentiated aerial -axes.: Subsequent
evoTution could have led” to further d1fferentiatlon of the two axes and
develppment of apica} cell growth-and true leaves in the Andreaeop51da
Although the Structure and development;gf the rhizomatic protonema in

&
Andreaeobryum and the rhizomatic axis in Takakia are undoubtedly

k . f

\“‘3:! . | .‘ ‘. . j ‘ ‘ .o “. . .~\
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different, both patterns could have evolved from a radially symmetric

axis growlng by a generalized meristem in a remote common: ancéstor

\[)

Such a rootless, leafless prostrate axis has been suggested by many as
the ancestor for archegonlates
I

The:cylindric photOSynthetic enatijons may represené leaf-~ .

precursors in Andreaeobryum, where the costate leaves could have

evolved from the costa- ]1ke protonemal appenqages\by planation and
lamina developmeng\for more efficient photosynthesis. It is possible .

that leaves 1n the )pdreaeops1da are not homologous to leaves 1n other
N

: mosses

The juvenile protonema] phase of Andreaeobnyum may retain many of

.the characteristics of the ancestral plant a cylindr1c rhfzomatic
axis with meristematic growth and with the ab1]1ty to produce mucllage
papillae, perhaps first as ho]dfasts, and to send forth erect photosyn- -
thetic enatlons when conditions were appropr1ete |

[ 4

- Structure, position and protection of archegonia '

- The archegonia of Andreaeobryum and Takakia both have pedestals

and necks are. composed of six cell rows. The latter characteristic 1s
common to mosses,‘but archegonia with pedestals have been reported, as -

far as 1 know, only in Sgplachnobryum and §p]achnum (Chopra & Sheel

1977). Archegon1a in Andreaeobryum and Takakia are anacrogynous and

!

solitany, features that also oceur in some. other bryophytes. The

'unusual perichaetium described above for Andreaeobnyum appears to be

un1que among mosses. Unfortunately, male plants and sporophytes are

unknown in Takakia SO perichaetial development is unknown however,

my .
! o .
):- I . .
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archegonia seem to be similarly surrougped by mucflage pap1]1ae and .
numerous 1rregu[pr1y developing leaves in both genera. Compare

Fig. I1-14: 1, 3 of Andreaeobryum with Fig. 3: j of Takakia in Hattori

& Mizutani (}958). In both gehera leaf arrangement becomes dense,
. - . |
internodes shorten drastically, and leaf .primordia occur irregularly;

in Andreaeobnyum spfra] arrangement is Jost, and the role of the apical

cell in leaf production is unc]ear

Cytology

e e e e

Since nothing is known about the cytology of Andreaeobnyum, it can

on]y be said that the number n=10 of Andreaea is non- controvers1a1 as
far as a relationship with Takakia goes. © o, k
Distribut1on

1

Whether the primar1]y Northern Hemisphere distribution of Andreae-

obryum and Takakia could result from Laurasian origln is .not determ1n-

able It is 1nterest1ng that several pr1m1tive groups of mosses may

- wel] have originated there, Sphagnopsida Tetraphldales Buxbaumiales :‘

for eéxample (Schuster 1983). i
\

Conclusions

The traditional vieﬁ of the‘AndreaeopSida, which this study
endorses, is that the group is primitive, not only cla@istical]y but



o R 59
d patristically. That fstlthe“ancestors of the group are ancient,‘and

the group has retained many pr1m1t1ve features. Assessing phylogenetic,
relat1onsh1ps is d1fficult, if not, impossible becg:se ‘'of the morpho-
1091934 d15cont1nu1t1es between the two orders and also between the
Andreaeops1da and poss1b1e outgroups. It must”a]so be kept in mind
that one of the sister groups, the Andreaeobryales. is represented by a

51ngle spec1es, AndreaeobryUm macrosporum, and that the taxon with

whlch 1t shares several features, Takakia, consists of only two species
in which male plants and sporophytes have never been found. S1nce |

| thefe are no conclus1ve reports of fossil Andreaeops1da from earlier
than the P1e1stocene ‘and all are referab]e to extant taxa (Mil]er 1980,
1984), this record is not helpful in asse551ng phylogenetic relat1on-
ships.

Several possibilities (or combinations of these possipdllties)
exist, among which are: 1) that the Andreaeopsida is not related to
other bryophytes but arose 1ndependent1y, 2) that it has a common
‘ ancestry on]ylw1th other mosses, 3) that it shares ancestry with
‘Takakia andrthrough Takakia possibly with hepatics such’asAHaE]omi-
trium, 4) that the Andreaeopsida and Takakia 1ink hepatics and.mosses,
and 5) that the Andreaeopsida and Takakia clade has hepatic Iike and
moss -like features that were derived 1ndependently |

.The third and perhaps the fourth possibil1ties .seem most reason-
able to me, and in this paper I have tried to substant1ate this view.

I have’ presented 1nformation that supports the view that the Andreaeop-

sida is a monophylet1c group of mosses defined by unique Sporeling |

features and mode of capsule dehiscence. and I consider 1t a class

distinct from the Sphagnopsvda and the Bryopsida. It may wel1 be that

\
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A

mosses represent a grade but not a ciade The features that the

Andreaeopsida share with the Bryopsida are chief]y gametophytic, and it ‘

9y

is possibie that divergence or evolution of the two lines occurred
prior to.the evo]ution of leaves and some protonemai features. Much
evidence has accumulated showing that hornworts and SphagnopSida are
very fsolated groups, and the Andreaeops1da do not appear to have
”significant affinity with either group.

The Andreaeobryales and Andreaeales are sharp]y differentiated
from each other on severai criteria (Table II- 1) " Assessment of
evolutionary trends, or poiarity, of these features requires that a
third taxon cladistically more primitive than the Sister groups,
Andreaeobryales and Andreaeales be examined. Usua]iy (Robinson & Shaw
1984 and Mishler & Churchill 1984, for examplel characteristics of
other moss groups have been\usedito evaiuatthhose of the Andreaeop—
‘.sida, in other words mosses have been considered~ciadisticai]y primi-
‘.tive to the Andreaeopsida This assumptiOn would lead‘to the conclu-

sion. that unique features of Andreaeobryum, such as beaked muCiiage

~ papillae, cylindric protonemai ‘appendages, .and the. perichaetium, are
derived compared to their counterparts in Andreaea, which are Similar
'to features found in other mosses. If mosses are the outgroup, then”

the simi]arities between Andreaeobnyum and Takakia would be seen either g

as homoplasies or Takakia would have to be con31dered as derived within

the Andreaeopsida ciade.
If, on the other‘hand‘“Takakia is considered the outgroup of the

| ‘Andreaeopsida, Andreaeobryum is a primitive taxon without clear autapo-

| morphies. Its distinctive features are synapomorphies of the

N

- Andreaeopsida--Iakakiopsida clade, and. the diagnostic features of L
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Andreaea are autapomorphies Indeed retention .of primitive features

1n Andreaeobryum and Takakia makes Andreaeobryum seem more remate in
Y ot Vi
some ways from Andreaea than from Takakla Extinctfons and divergence
A K
- are a]so reponsible for the sharp morphologlcal diseont1nu1ties between L

'

the Andreaeobrya]es and' Andreaea]es ‘y.f‘.f?‘lff ¥§an‘“h

' .
v
. . [N
. ‘

The morpho]og1ca] 11nks between Andreaeobryum and Takakia have led o

me to. cons1der the Andreaeops1da mbst close]y related to the Takakiop-

'

s1da by, v1rtue of shared un1que features d1scussed above That the

» Takak1op51da 1s the outgroup of the Andreaeops1da seems to me to be the

V "

most feas1b1e cho1ce based on the structura] ev1dence
\

| A]&hough there 1s\controversy as to the degree of relationship

betwesn Haplomitr1um and Takak1a, there 13 suff1c1ent ev1dence of

N

c&oseness to 5upport the view that the two genera share remote ances-'

try, v1z.~51m11ar rh1zomat1o shoots 1ack1ng rhizo1ds, hepatic like

e ,u.. . ,., . »

conductlng tJSSUe found e]sewhere only 1n some thalloid.Metzgeriales, ,‘Nﬁ.

. l

LA anacrogynous archegonia that do not form w1th1n gynoec1a and\similar L

; muti1age paplljae" Addltmohalty, Takakta has a hepat1c l1ke chemistry

/

4
X a]beit qu1te divergent from that of Haplom1tr1um (Asakawa et al 1979)

'~Since the relationsh1p of Takakia and Haplom1tr1um cannot be clar1fied }x/
{ without know]edge of sporophytes ln Tﬁkakia, 1t 1s practical to treat »

-_‘F‘, Q«,—é‘ ,

j@kakéa and,Hao?omwtrium at the same rank as the Andreaeops1da and as

representing the classes. Takaklops1da and Hap]omitrippsida.I If the ] 7*g}

‘\~,'f. Haplom1triopswda are related to the Takakiopsida probably other hepat-~

',\, r;-_v

ics are too, S1nce it is 11kely ;hat diagnostfc features for hepatics,.ﬁ‘:{ f

elaters, ofl bodfes. and Tunularic acid present Tn Haglom1tr1um, arose

. but once. :z??ff--'
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attiig‘\:t'we.H ,f‘dg, . - : C
xllw"" f my assessment is vaiid. the ancestor of. the Andreaeop31dajand

:Tf axes. formed beaked mucilage papil]ae o

.y
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The recent'study by Crandaii¥Stot]er (1986) is of, great interest

She presented further evidence of the distance of. Takakia from other

archegoniates in its meristematic growth pattern It seems to me that
the wipe]y held view that the c]ass Takakidpsida represents the most
primitive bryophyte known is valid and' that Takakiopsida is |
c]adistica]ly re]ated to the' Andreaeop51da %nd most probably to the

Haplomitriopsida as well Obviously the patristic distance between the

LN

Andreaeopsida and the HaplomitriopSida is very great.

Nhether, or at what ]evel, other mosses cap be included in this.

A

1ineage cannot be determined by the present study It seems 51gnif1-

B}

cant that the Andreaeopsida and hepatics iack stomates, so if. the

Andreaeopsida are reiated to other mosses , a very remote Stomatose R

R

ancestor from which the andreaeopSid takakiopsid ancestor was derived

is one possibility. The fossal retord is not helpfui and the time is-

i

‘ﬂ‘ so remote that it is impossible to do more than specu]ate Intriguing
; simi]arities between the Tetraphida]es and the Andreaeops1da mentioned '\;,

.”h abqve, and chemical and morpho]ogical simi]arities between the Andgeae~

‘i
I/n

opsida and other mosses make the possibility of a ciadistic link S o

e

1
LT |4 -

Py

the Takakiopsida probab]y had radiaily\;ymmetric prostratewandierect

grew meristematicaldy and possibly also by a sing]e apical initia1§ ' _J
]

which may not have been genetically fixed was dioicous, had Tater

archegonia with six rows,of neck ce]]s and pedesta]s, and lacké}ﬁ

gynoecia.; It seems likeJy that rhizoids and specialized condocting\h",Jp, o

St
RS ‘\Au .vd,

*bﬁth‘axes' produced cylindric, ;“ggj '

shoot like photosynthetic enations and-possibly sea]e Tike enations, ,; }‘fi?""
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Itlssue were present if one considers the fossil record of early land

’plants ‘ E ‘ ‘
If the Haplom1tr1opslda are accepted 1n the clade further hypoth- ’
. eses concern1ng the ancestor are p0351ble It had aggregated antherld- ’

ia w1th long stalks, sporophytes that matured withinrprotectlve gametop

b

‘phyt1c t1ssue a mass1ve, short seta, a cyﬂindnic capsule lacking

f%‘.

| stomates and openlng by ap1cally coherent longitudinal valves, and

_spores that d1v1ded W1th1n the spore wall and proddced massive protone-

" mata. Sjnce both Haplom)trium and Andreaea have suture cells At is

RY

‘possible that th1s feature 1s plesiomorphous Aga1n although the .

or K‘L.Il
fossil record is too 1nc0mplete to permlt deta1led analy51s, the ’

h
4 ‘,)"

_occurrence in- early land plants of columellae and overarching spore

sacs (Horneophyton, _pprogonvtes), multistratose capsule walls, as well;

pas other features already postulated adds to the p1cture of a possible C
ancestor (Stewart 1983) Ancestral reconstruct1ons for bryophytes B
: along these general Tines have been suggested by others (Schuster 1979 .
Crosby 1980 for example) whether there was a single archegoniater |

ancestor or multiple ancestors w1th 51m1lar>features js part of the

.-

“;mystery

Further Study can fl]] many gaps 1n the knowledge of plants wlghm“~a" .

' l valvate, estomatose capsules Even 1f sporophytes of Takakia cannot be’.t

: found or induced (Hattor1 1980), much remains: to be learned about -

“Andreaeobryum, its morphogenetic patterns, ultrastructure cytolpgy andf SR

o chemlstry, forQExample, thatlshould show 1f the above assessment can befﬁg<

!

upheld And perhaps in fossils -of early land plants structures simllar'7 N

to the beaked mucilage pap1llae can be found In the méantlme the, »bf

-

- ‘
\' o s
B
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wandreaeopsida remain an 1mportant piece in the puzzle about land plant.

origins ”

NI

wr
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) _%‘psule shape

- Substrate

Ve

{ Tadble II-1.

o

. D‘lqgnostic‘dif‘ferences between Andreaepbryales and Andrescales. ) e

' . And reueobrya les

Andreseales

Pmtonema! eppendaqes frequent. terete. up to 2 mm )onq
o CO(PL 1355 25 8, - 9)

)
4

on protonemats and gametophores;;
" sessfle, stalked or on bracteoles;
stalk cells hyaline to partly

MQllaq{ papillae.

. brown,. rectangular; mucflage

" papillae weakly to strongly

K " . curved, gibbous, with apica)
‘beak; muct)age secretion'sp-‘
parently apical (P1. 2: 1-8; 3)

"developed after fertilization, en-

S

Perichaetium
closing fertﬂixed archegonium’ on-
L~ o lysoof compacted gyres of numerous,
ot variable leaves (P1. 6: 2; 14)

.

Capsule elevation during maturatton on shdrt. stout

'
'

Hetle chungea wet or dry, tur-
blnate obtuse-conic, 2 osynmetric
{P1.-6; 15: 4- 5)

.

Arregular, Sutures of thin-walled
' ‘i:eHs absent (P1. 8:.5) .

Ve

Dehfscence

1rregular. often 4.5 mafn and
1.2 shorter valves- valves 1n- ‘
o‘led when dry (PI 6) .

Valve ar'rangeme‘ﬁt

[

“ valve epidemal ceHs quadrate to short rectanguhr. in

| . transection triangular. fnner

wal'ls very thin, other walls with A

‘after maturity on psevdopodium,
oY seta, pseudopodium absent (P1, 5: 1)

rare. dorslventral, up to 0.4 m

“long

in Yeaf ax1)s only, stalked; stalk

cells brown, quadrat‘e‘; mucilage o
pepillae straight, cylindric or
clavate, lacking apical beak;

mucilage secretfon apparently

through breaks in lateral walls ‘
(p1. 4) ‘ ‘ : ' "

" developed tn part prior to.fert- .

i}1zatfon, enclosing aggregated - o
archegonie; of sevgral concave or |

convolute leaves £P1.. 7: 2)

seta Ondeveloped (P1. 5: 2)

Ce ) .
‘contracted and valves bulging when

dry, lengthened, é1lfptic and valves -
plane when wet,’{apf_culate, radfally ' ‘ P

' syrrmetrlc (Pl, 7) P N

z regular. along sutures of tMn-
alled ‘cells (P1 5: 4; 9: l 3)

usually regular. valves 4(6 lO).

o slightly reflexed ‘to plane uhen

dry(Pl ) L

lerctanguhr. 1n: transe'ction ) e
2 oval, all walls tMck. inner and v . e

rédial walls with pigmented TR

P

uplgmented secondary thlckznings,—ﬁ—wmohdary tMckenings (Pl 5: 4; 9)‘ . ‘ : ~
“ (m s. 3-8) L ”C}_d S " s : ‘ ‘g
‘Cﬂy"ptra large. nultistntose’;overing small mstly bistretose. aplcal ‘ '~ - Lo
‘ x s: 1) S

. .. entire capsule. (P

"' caleareous ri:ckég,

(P sz.7~l) o

{acidicoor mlldfy bgsif rock ‘or sof1 -

N
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| vagure IIvl‘ Illustrations of Andreaeobryum macrosporum --

\

T 1. cylindric rhizomatic protonemata and rh1zo1ds - 2 Cylindr1c

| protonemata (left) and cy]indr1c protonemal appendage (a). -- 3

" Protonemal mat with erect protonemal appendages (leftsﬂand bud of
":gametophore (right) - 4, Protonemal appendages, some broken

_ showing transections. -='5. Transectlon of protonemal appendage. --

6._Pr1mary leaves ‘on stem 4- 7. Apex of shoot bear1ng Juvenile

'7_ leavesr} 8. Archegonium w1th basal pedestal -5' 9. Brown blob of .

punknown provenance on stem 1 2 5 6 & 9 bar scale 25 um, 3 4 &
‘ \7 bar scale~f 250 um (A]aska ALA 1 & 2 Light Microscope [LM]
"-v_ur_r_ax 6482; 35 SEM Mmss 647, SEM and8& 9, LM Batten
5.43) -‘ L L '
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ngure I1-2. Protonemata and muc11age pap111ae in Andreaebbnyum

macrosporum.  ~- 1. Protonemal appendages and bud -of gametophore
'frbm decay1ng stem. -- 2 Secondary protonemata of rnizoids ‘and

| muc1lage papi]lae from wounded stem apex. ‘-~ 3. ‘Per1chaet1a1 bracteQxﬂ
‘ole with apical mucilage papllla -—- 4% 5 Perichaetia] nUCiiage ;;;4
: papillae. 4, with mu]tiseriate stalks, K ‘WTTh*UﬁTEEFTEtE—etalks -jj.h
6. Propagula like bud from secondary protonemata with basal rh1zo1ds
f (posftively geotropic) and muc1lage paplllae (apparently negat1ve1y
geotropic) -- 7. Clavate muc11age papi]]ae on, rh1zoids -= € 8

‘ Mucilage papil]ae surrounding protonema] appendage, most: w1tn,one

- stalk cel] one branched == 9. Transections of" protonemal append-

:ages. (A]aska ALA 1 4 [r1ght], 5 [bottom] Batten 75 43 2; Batten

75-41 3 5 [upper right] & 6 urrax 5068 4 [r1ght], 3 Aug 1986

| 7Murray & Perny s. n.; 5 [upper left], 7- 9: Murraz 8753 ) S R 3,_‘ ::f{

B O
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F)ﬁguré I1-3. Mucﬂage aptllae in Andreaeobr_yum macrosporum ~~
1 & . Axillary hairs. -- % -6. Rhizozdal papillae (clavate) @nd
. o

‘rhizoids (cylindric). Bar scale = 25 pn’i. (A-laska, ALA. 1, SEM & %,

LM: Batten 75-43; 3 & 4, SEM: Murray 8753; 5 &6, SEM: Murray 6482.)
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Figure II-4. Aifﬁary mucilage hairs in Andreaea. Bar scale =
| : .- - , .

25 um. (Scotland. -1 & 2, A. megistospora B. Murr. ssp. megistospora:

1, SEM: 31 July 1984, Murray & Perry Ss.n., ALA; 2, LM: 31 Oct. 1982,

~Murray & Long s.n., isotype, ALA; 3 & 4, LM, A. rothii Web. & Mohr

N

“ssp. falcata [Schimp.] Lindb.: Sep. 1856, Nichols »_g.qn_.; BM. )
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Figure II-S. lustrations of Aﬁdreaeobr}um and Andreaea. -- 1 &

- 2. Diagrammatic longisections of sporophytes and ca]yptrae 1,

~';.‘ Ul
Andreaeobnyum, 2, Andreaea -- 3. Transection of portion of valve in
Andreaeobnyum macrosporum. -- 4 Transection of portions of two

va!ves and 1nterven1ng suture ce]ls in Andreaea (A. nivalis Hook. ).

. (3 Alaska Batten: 75-43, ALA 4 Canada Ha]bert 3888, UBC see also

F‘ire 11-9: 3.) o | - o S |
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Figure 11-6. ' SEN photographs of A"dreae°bﬂyum maﬁYDSporum fwffiwr'd

sporophytes. ‘-4 1.. Calyptra on inmature capsule leaves dissected to

-

lreveal Seta. -- 2-4, Mature sporophytes showing 2 seta r1nged by

numerous perichaet1al bracts 3 apical t1ssue dis1ntegrated and ”':,"
‘ PN

‘ valves free, and 4, tw1sted and flattened seta add:capsu]e base --5 &
6. Views from above showing capsu]e assymetry and 1rregu1ar1ty of v -*f
‘valves. note opacity of epidermal ce]]s due to very thick black outer .

"“waljs. 5 a 5-valved cap!ule. 6, an 1rr§3ular1y 4-valved capsule
Bar scale 250‘um.’ (A]aska ALA 1‘4 6: Batten 75 43 5 Murray

6713 1sotype )

.: . N
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. Figure II 7 SEM photographs of Andreaea sporophytes ,eéfilﬂfﬁ

-_\Calyptra at apex of mature capsule (A,xobovata Thed ) f-- 2 Capsu]e\_Vz
dehiscence capsule contracted in Tength and valves bulg1ng (A ‘

r'megistospora B Murr ssp __glstospora) J-- 3 & 4 V1ews from above\f:

”fshbwing typvcally symmetr1c capsu1es with 4 valves, note vis1b1]1ty of ,_g

' .epidermal cells (A sinuosa B. Murr ) Bar scale = 250 pm (1

“Norway, 20 Ju]y 1984 M _ggggx s. n., ALA 2 Scot1and 31 July 1984 | QQA
: ’Murray & Perny _g_ ALA 3 & 45 Canada Schof1eld 74208 holotype 'v*fﬁ:f
: L EP N .;VAvvh. *-T*ff',fho%}n;ayfﬂ'””“'

e



£,

J . 5
oo S St A




-
)
W

.Figure‘II-Bl LM- photographs of epiderma] cel]s of valves in

, Andreaeobryum macrospocum -- 1-3. Transect1ons, outer surface

¢ ~

| upwards. showing pigmented thicken1ngs on outer wa]ls of ep1derma1
"cells, 1nner walls th1n 2 & 3, lnner cell layers co]lapsed w1th age.
]”-- 4 & 5. ”‘Surface views of quadrate to short rectangu]ar epidermal

-

. }ce]ls. 4 inner surface, and 5 outer surface, note (at right)

;‘vjf;irregular edge of valve._ Bar scale 25 pm (A]aska ALA 1 3

‘7’.f urraz 6713 isotype, 4: Batten 75-41 5 Batten 75 43 )
S r



v Figure II 9 . LM photographs of\:;\dermal cells of valves in,
Andreaea (1- 3 A nivalfs, 4:'A. wilsonii Hook f.; 5 & 6 A £r1g1da
Hdb ) - 1-4, Transectlons outer surface,upwards, show1ng suture

cells and pigmented thickenings on inner walls of. ep1dermal cells,

l

1nner cell layers collapsed with age 2 a detail of area near arrow

An L 3. is drawn 1n Figure 11 5:4, - - 5.8 6. Surface v1ews of ..

"y .

rectangular epldermal cells, 5, 1nner surface, note porelike thvnnings

T

t'~3_near transverse walls, 6, ,outer\surface Bar scale ? 25° pm. (1 3

Canada, Halbert 3888, UBC, 4, Chile J D. Hooker 108 ALTA 5 & 6

l“la'Czechoslovakia Wihan in Bauer, Musc Eur Am 'fxs 2002 NY )

; AR S . o . e L o ' o . .
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Figure 11-10. Distribution of Andreaeobryum macrosporum,
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’ Figure 11-11.. Andreaeobryum macrosporum spores., -~ 1. One
' |

turgid living spore, two shriveled dead/;pores, in tetrad. -~ 2-6.
Spore ornamentation at different scaleSf 6, enlargement of portion
shown by arrow of 5. 1-3 & 5, bar scalf = 25 pm;‘4 & 6 bar scale = 10

um: (Alaska, ALA. .1 &2, LM; Murray 6713, isotype; 3-6, SEM: Batten

75-43.)
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~F1gure I1- 12 I1lustrat1ons of Andreaeoprxqgrmaérosporum e 1\

’ . A !

‘&‘2 Transectlons of young seta. = 3 & 4~. Transectlons of o]d seta,
centraT cyldnger co]lapsed and seta f]attened -~.5 \ﬁeta cells, |

V ',l‘

‘ surface v1ew ,5~ Transect1on of stem showing 1nserted foot w1th ‘

-

transfer ce115 —-‘7 Transectlon of m1dd]e part of ca]yptra_ - 8

‘.Tcansect1on of- 1ower part of capsu1e helow vaIves -l-- ‘9. ll Spores, g

‘9 'Yetrad show1ng spore abort1on, three dead and one 11v1ng spores,,

“;10, stretched spore coat with retlculate patchy ornamentation and 11
.germ1nateg Spore showing endosporic ce]l mass, 1rregu1ar deh1scence

", and germ tubes A (A]aska ALA 1 2 6 7 & 9-11: Batten 75 43 3-5 &

rraz 6713, 1sotype ) T

n
A

K

L4






'
”
¥ {’ v
/“
. J
N . ‘
v
R -( )
.
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f Figure 11~ 13
RN -Habit
Juvenile to,mature 1eaves - 2;
. . . u , - .
Cel]s 1n 10wer part of ]eaf -- 4,
i “ y . :

1eaVes. —-,5

h }

transectlon.v-— 7 Mature 1eaves

. )‘." o

“um and paraphyses ‘-~ 9

urrax 5068 6 8 & 9 Batten 75A43 )

‘-v-l‘8.

|

!

&

i

Transections of 1ower parts of leaves.,
.

show1ng dense protonemal mat and abrupt trans1t10n from
Cells Jin upper part of‘]eaf
Transections of upper parts of

e 6 Stem

-3

o

Per1gonia1 bract, antheradi-"

1

Juvenﬂe Teaves. .Lmaska ALA 15 & 7-

ey
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Fjgure'II—14‘ Per1chaet1a1 development 1n Andreaeobryum macro-

-t . "W v »

g-'sporum.f ~= 1. Numerous 1eaf 1njt1als around fert1112ed archegonium,

A N .

:note also muc1}age pap1llae -~ 2. Numerous brac%s and severa]

bracteo]es,attached to .basaT stem tissue ~—~3.; Young bracts deve]op—

.
' L

f1ng around fert1]12ed archegon1um. -7 4 \ Expanded receptacle and |

sporophyte w1th1n p&p111ose ﬁa]yptra numerous mounds formed on. stem

v 5

from which muc1]age pap1]lqe and bracts emerge ,«——'5; Transection of

expanded receptacular t1ssue in reg1on of foot '-i G:H Bracteoles

o . { i
=

‘wfth ap1ca1 m7c1]age pab111ae. -{_7. Braots, variab]e in shape and .

s1ze, some ]abed or appearing fused (A]aska, ALA.\l 3 &r5~7 Murraz

5068; ) Batten7§43) B

"o Y , . C \ f
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r' ) " /” ) . . ; \ . ‘ N ' "y
. Figure II 15. - Sporophyte deve1opment“in Andreaeobryum macro-

'”l_22£2@;I ~§.1. Latera] apchegon1a and terminal sporqphytes pla 2.”
Immature sporophyteQ'WIth1n ca}yptrae - 3. Immature sporoph;te, ;
‘ﬂcalyptra removed to’ show capsu]e (spores already brown at this stage)
. and mass1ve seta. r: 47 A]most mature capSule, showing unusua] basa]

attachment of calyptra. '-~'51 Mature capsule, note irregular valves.

/
-~ 6. Oldfcap§u1e va]ves free due to . dis1ntegrat10n of apical

tfséuet -27. ’{O]d capsu]e-base va]ves broken off, co]ume1]a persis- _
.‘ftent, note pense whor]s of per1chaet1a1 hractei"lAlaska,.Egttgn
75-43, ALA.) | R |
. /o oo
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R £ ANDREAEA SINUOSA, sp NOVA, FROM ALASKA e .
T BRITISH COLUMBIA AND SCOTLANDI SR

, ;
[l . . ' 1 ) 4 n

. During monobraph1c study of. the genus Andreaea, I found severa]

‘c011ect10ns, most named A rupestrl Hedw., that represent a new

S ' B .
, . . L . \ .

‘ spec1es

i
'
' [

-Andreaea, sinuosa B Murray, sp.‘nova‘ . (Figy 1II-1)

Y

o Parva,'ecostata folla anguste lanceolata marg1ne 1ncurvata,
e ! SR
sporae parvae, 11- 21 um d1ametro Haec spec1es d1ffert ab omn1bus

ecostatibus congeneribus par1et1bus s1nuosvs ce11u1arum ]amlnae,‘ R
A\ ‘ ‘ : 3

\ .
L.

‘similibus generi Racomitrio. .

' LI P .
[ 1-»

Plants sma]] densely tufted but eas1]y broken green brown

red- brown purple black or black sax1colous Protonemata pers1stent,,
cons1st1ng of sto]on llke ye110w1sh mu1t1seriate f1]aments and

un1ser1ate brown rhizo1ds, thal]oSe appendages rarely seen Stems
erect, rarely over 10 mm h1gh, s1mple to sparlng]y branched, red brown,

_ce]]s frequently sinuose in surface v1ew,,1n transverse sectIOn round

_._‘,

q

with round, thick-wal]ed ce]ls, central strand absent, puter ce]]s
"usually slightly sma]ler than fnner, with exter1or wal?s bulg1ng

' Axillary hairs frequent, persistent, with by (rarely more) erWn1sh,

l‘ quadrate to short rectangular basa1 ce11 and 1 (rarely more)7at‘f1r5t

‘}” 1A xersion of this chapter has been publlshed
[1987] Bryologist 89 189 19& S
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hyaline,: later brown cyl1ndr1c or clavate’termlnal cell wlth-breaks :
‘1n th1n outer wall Scale leaves Frequent along lower stems m1nute..f

about 0 25 0.30 mm long, lanceolate to ovate aplculate occaslonally'

.yazharsely tootﬁed from proJectlng cells.u Leaves sp1rally arranged

‘sometlmes appear1ng trlstlchous, ]arger d1stally, when mo1st sl1ghtly

‘spreadlng, when dry erect more or less appressed~ narrowly lanceolate

' ‘to llnear lanceolate, sltghtly curved to secund acute or occasionally

rrounded to 1.6 mm ]ong, un1stratoso or with occa51onal small marglnal

’ _or lamlnal b1stratose areas\\Tamlna about 22 28 pm thick distally,

‘15 20 um th1ck prox1mally, bases oblong, sltghtly sheathing, narrowed

hY

'to the stralght 1nsert10n usually,strongly g1bbous on one s1de only
and with, a" consp1cuous fold 'marg1ns consplcuously lncurved fromwbases
‘to ap1ces, ent}re. Costa absent Upper 1eaf cells: 1rregularly round-
ed oval or oblate, 10 14(16) um long, 10 12 um w1de w1th large, low,ﬁl

brown to wh1te pap1llae that are more numerous centrally than marginal—

ly or ap1cally, walls: * 1ncrassate and collenchymatous w1th micro-

”,

J‘ﬂpap1llae often visible in transverse sect1on dye to bulging of walls

~ ,between adjacent cells + -Laminal cells gnadually larger and consplcu-

ously p1tted to sinuose towards the sheath1ng base, wtth papillae over

g lum1na sparse and m1cropap1llae over transverse walls between cells

.more con5p1cuous Basal cells. rectangular to oblong, 22 50 um long,

f‘le 12 um w1de, lum1na often scalarlfonn, long1tudinal walls 1ncrassate. '

”‘\;;p1tted and strongly 51nuose, as 1n Racom1trium, transverse walls thln’

I

,,"ftlum1nal paplllae absent transverse wall m1cropap1llae frequently Nﬁ

visible in transverSE'sectwpn Sexual condition undetermlned, appar-

“:ugyently d1ofcous but stems very short and fraglle, 'S0 possibly d

‘ "%Vicladauto1cous. Perigonia lateral or terminal but. often qppearing

‘."-l " —

- : . , B |
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latera] due to renewed stem growth bud- 11ke, leaves ovate, about 0.8
]ong, cells, not sinuose; antheridia usually 3-4, about 0.3-0. 4 m
Iong paraphyses few or 1acking, with biserjate areas d1sta]ly

P ~jchaétia termina] or appearing lateral dué to renewed stem growth
Jn$Zr per1chaen1a1 leaves ovate-oblong, convolute and sheath1ng, outer
less sheathing, apiculate to. 2 mm long; archegonia lateral or

terminal, usua]]y 4~6(8), sometimes so]1tary in leaf axils, about 0 2

mm Tbng SQorothte usually present, mature {in summer; overwintering

as immature capsu1es within perichaet1a, very young green, pre- ~meiotic

.
1 ,.'

capsu]es seen‘fn‘June‘and September collectfons from British Columbia.

‘Capsu]es?bareiy emeﬁgent to Shortly exserted on pseudopodia; erect,

\ ba

when wet or 1mmatuma(wo1d about 0.8 mm ]ong, when ‘mature and dry
vq]ves bulging, alves 4 brown-black; valveless capsule base tan to ,
brown, usually occupy1ng 1/2 or more- of the capsule length. Calyptrae
ap1ca1, sma 1, campanulate-mitrate, rostrum cons1st1ng ma1n1y of
unmodified jxchegonial neck; often falling early. Spores round, small,
‘ (1F§l$-19(21) um, prown, fineiy papillose tovstriate~wéf'culateﬁ
papillose; spore abovr,tion‘ rare, two shrive1ed and @gid sp‘or‘e‘s

segn rarely in tetrads;, germination precocious, few cells, 2-4, formed

* within spore wall, sometimes prior to dehiscence.

Type: CANADA. BRITISH COLUMBIA: _West Vancouver, Cypress Bowl

Y

area; Crest Trail,toward The Lions, ca. 49°20'N, 123°10'W, boulder in

lete snow erea; 13-September 1979, W. B. Schofield 74208 (hd]otxpe,
UBC). .. . | ‘

Q

Additiona] specimens examlned ,USA. ALASKA : Aleut1an Islands:

Attu‘Lh. vic of Massacre Bay, 52°50 N, l73°14 E, Jormia Pass, 11

- \“tf
. .
o
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November 1945, Howard 597 (MICH). CANADA.' BRITISH COLUMBIA: Queen
Charlotte Islangs: Graham I,, Mt, Brdwn, 16 August 1985, Schofield &

Spence 84073 (UBC). Vancouver 1., Mt. Cain, N of Schoen L., 50°14'N,

126°20'W; 12 September 1970, Halbert & Price 6802 (UBC). North Vancou-

ver, Mt. Seymour; 20 June 1961, Schofield 14561 (UBC), 27 October 1962,

Schofield 20215 (UB?), 14 September 1968, Schofield 37892 (UBC). West

Vancouver, Cypress Bowl Provincial Park,,49°22'N, 123°12'W, 19 June

1980, yan Velzen & Leong relevé 118, relevé 124 (UBC). UK. SCOTLAND:
Rods (Vice~ county 106)~ Beinn Dearg, 1& km SE of U]lapool grid

‘jjlég 2//26/81 Coppins et al. ex Coppins 10534 (E). also Coppins °

et al E Lichen Herbartium, under Lecidella bu]]ata Kdrb Coppins

10534; Lecidea griseoatra (Flot.) Schaer., Copp1ns 10523; and Lecanora

leptacina Sommerf., Coppins 40524). South Aberdeen (Vice—county 92):

Beinn a'Bhuird, below S Top, grid reference 37/095.977, ﬁurrgy & Long,

13 July 1985 (ALA), Loﬁg_é Murray 12791 p.p. (E); Westerness

(Vice-county 97): Ben Alder Forest, Geal-charn, grid reference

27/477.748, Gilbert, Fox & Purvis, 9 July 1981 (BM Lichen Herbarium,
/

under Lecanora leptacina Sommerf.).

f

~

Distribution (Fig. I11-2). Andreaea sinuosa is very rare, known

only from the 1oca1it1es cited. Ih Alaska, A. sirnuosa s known only

from the westernmost island of the Aleutians, Attu, about 750 km from

A

the Asian ma1nland of hundreds of specimens of Andreaea rqgestris

* examined from British Columbia and the British Isles, I found but a
handful referable to A. sinuosa from southwestern British Columbia and

none from the British Isles. Scottish material was found serendipi-

tously while I was studying 11chens‘§rowing on Andreaea with B. J.
N . «
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- Coppins, Royal Botanic Garden, Edinburgh. A subsequent trip with D. G.

§E§§g to a late snow-patch in Scotland and further examiné%ion of

snow-bed species at the Lichen Herbarium at BM yielded two more collec-

tions. It is likely, however, that the species occurs in other regions

" with similar climates and habitats (see below). Undoubtedly, it will

be found along the North Pacific Arc between its presént]y known sites

in Attu IsTand and British Columbia, and it may well occur in other

oceanfc parts of Europe and in Asia.

Andreaea sinuosa can be added to the list of about A0 bryophytes

,\that are disjunct between western North America and Europe. This

N

element has been discussed mainly by Schofield (1980) and b} Schuster
(1983), who cited most relevant literature and many examples. This
pattern has received little attention compargd to that given bryophytes
disjunct between eastern North America and eastern Asia, although; as.
Schofield pointed out, the latter element invo]yes abput half as many

taxa. Andreaea‘sinuosa is one of the western North American-westerm

Eur&bean disjuncts that occurs in oceanic regions and is rare through-
out its range:. Schofield and Schﬁster bothlconsider many of the taxa
in this element to be Tertiary relicts whose ranges were sha}ply

contracted because of changes in climate and vegetation during the

. Quaternary. This view is shared by Ratcliffe'f1968)'and éorley (1983)'

in their discussions of British bryophytes belonging to the North

* “Atlantic group, which includes oceanic northwestern North American-

northwestern European disjuncts. Ratcliffe,(1968) discyssed several.-—

~ North Atlantic' species that flourish 1p,late‘show-bed vegetation in the

Cairngorms. - Like these, Andreaea Sinuosa grows today in essentially

\ )
N .

\
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periglacial conditions and could have survived in .refugia during

glacial intervals. . - o

‘ Eco]ogx.' Andreaea sjpuosa occurs.on acidfc rock in;nbuntainous
regions with a humid temperate‘ciimate; "It has been'found at e]eva-‘a
tions_of about 150-300 m in the Aleutians, 550-1500 m 1n the subalpine
and a1p1ne zones of British Co]umbia and 990 1100 m 1n the middle |
alpine zone in Scotland. The 1at1tud1nal range is about 49 53°N in.
Alaska and British Columbia and 57 58°N in Scotland The habitqt of
the Alaskan collection is not known In British Co]umb1a f1ve collec~
tions are labeled as from dry, exposed boulders and outcrops, one 1is
from.a shaded face of a boulder and one is from a bou]der in an area

'of late-lying Snow. Accord1ng to W. B Schof1e1d (personal commun1ca—“
t1on 1986) all of the Br1t1sh Columbia 1ocal1t1es are in Tate lying
Snow areas.

"

Andreaea sinuosa is a Snow- -bed spec1a]1st in Scotland where the

l1chens Lecanora leptac1na, Lec1de1]a bul)ata Lec1dea‘gr1seoatra, ‘and:

Lec1dea sp. "are close assoc1ates, sometimes overgrowfng A sinuosa

These 11chens are apparently restrlcted to snow—beds in the Cairngorms
(G11bert & Fox 1985) The most constant snow bed species,‘Lecanora‘

. —-7——
leptacina, waS\assoclated with A, sinu05a in all three Scottish locali—
ties and also occurred in the two Qr1t1sh Columbla COllect1ons n which

lichens were seen Lee1della bu]lata and a lichen tentative]y referred .

! to Lecidea s. 1at by‘B J Coppins (1n litt. 1986) were found in one
| 'Scott1sh and one British Columbia col]ection of A sinuosa,
. Associated Andreaéa specfes ‘are A rugestri var rugestri and
A blztt1 Schimp. in both Brit1sh Columbia and Scotland -and A

'

Datr



v

‘ | Vi‘:_ o ?\ o g ",J'p7- . s v
heinemannii Hampe & C. MU]] ( A ngustat Lindb ex Limpr ) h"
British Co]umbia Andreaea rupestris is widespread and ﬁ. b]ytti 1s

- ‘primari]y a circumarctic—a]pine species with interrupted range but 1t

also occurs.on exposed rocks in subalpine areas in western North ‘ﬁ'

America. It grows where Snow - persists, often in the zone of very '

_late-lying snow. Andreaea heinemannii has been‘considered»endemic to

southern Europe and the Canaryilslands (Schuitze—Mote] 1970 as A

l blyttid ssp angustata (Lindb ex Limpr ) Schuitze—Mote]) but 1 have :

found it to be wider ranging, occurring from the Arctic in Green]and to

the mountains and forests of Europe, the Caucasus Madeira and western |

'{_North America. It occurs from near sea ]evei 1n the Arctic to about |

LI

4175 m in Colorado, usua]]y grow1ng on dry exposed rock sometimes near

.glac1ers and in snow-beds. Most Andreaea Species occur in habitats.

3with seasonai extremes of m01sture and to]erate extreme de31ccation as

)

ell as submergence Snow bed speCies have a short growing season and

are seasonal]y submerged but after the sSnow melts they ‘may be very dry

'and exposed Lack .of competition in‘such Sites could aiso be.a factor

’ l

affecting their distribution Andreaea sinuosa A. blyttii tnd A.

heinemannii usvally have very short stems and are little branched

\ 1ike1y a response to a short growing season. The pH range of A.

»sinuosa s unknown but based on 1nformation on; the pH of snow bed

- soils where some of 1ts associates grow, it may weil prove to be anr

extreme acidophile. Gilbert & Fox (1985) recorded that the extreme

, bsnow-bed sofls- in the Cairngorms had a pH in the range of 4 2 4 4

Further circumstantial evidence comes. from the work of Elvebakk (1984)

T

\on siTiceous boulder snow-beds on Svalbard Andreaea blyttii (c:ted

‘ above -as an associate of. A sinuosa) grew there on rocks wmth a mean .

.o .
. i .l
. v . ._ . Ve (A
. e L e
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' j mineral so1l pH of 4 8 Andreaea sinuosa should be sought among

herbar1um spec1mens “of ‘the Snow- bed lichens ment1oned above especial]y‘

Lecanora leptacina, and looked for near g]ac1ers and snow- beds among

other Andreaea spec1es ' . ,'5 S idt"

-

D1fferent1at1on and Re]atlonships Andreaea sinuosa 1s one of . the

sma]]est and ]east varjable species in the genus. The major feature
d1fferent1at1ng it from ail’ other ecostate Andreaeae is the strong1y
sinuose basal ce]l wal]s (the bas1s for the epithet) Strong]y sfnuose'i;N~
ce]] walls. occur e]sewhere 1n mosses only 1n the Grimmiaceae and

Noguchi (1974) has suggested that the sinuose wal] structure in the

\ L
genus Racomltr1um 1s an adaptat1on to dryness Andreaea sinuosa'also

d1ffers from the maJor1ty of Andreaea species in its small spores, 1ess
than 21 pm 1n diameterx The spec1es w1th which it has been -and; 1s L
11ke1y to be, confused in the field 1s the polymorphic A rupestri

Andreaea s1nuosa. however, has narrower, less sheathing leaves, w1th

Al

- the marg1ns strongly 1ncurved to the apex The fol]ow1ng key differen—f{

R

t1ates A s1nuosa from other ecostate, North Ameritan (north of Mexico)

and EurOpean Agdreaea .

Key to Ecostate Andreaeae

‘\11

e of North Amer1ca (North of Mexico) and Europe i( N

5'-jflﬁ Basal leaf margins denttcu1ate. Northwestern Europe and southern'

bl

: 'fﬁ:_iGreen]and ...........;...........,............... A lpin Hedw :

"7Nf,iﬂ¥QBasa1 leaf marg1ns ent1re or weak]y crenate .;,g.r;.;{...;i..I.s‘Zi‘f“'

i e

:%éﬂé;?fnost Spores less than 21 um a..;;;;;;.;;.L;;:;:;:;g;,.}};.;,i;;.;3 O

N

2 Most spores over. 4 um or spores absent '.;,5.};;\,,13;;5;,;:2;J:ljh~igu
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51nuose Ll,..,;.;;..;:;.....:,;Lk.:;.;..;;...;;.;;!;.L.{A s1nuos

o

.,.,‘, -",‘4.,“
\‘” 1': . .“"\

Basal marginal cells mostly rectangular Basal cell walls strong

»

ly pitted and sinuose ....;.:I.Q,jQ;;Lt...f.:.;.;....f 25: 51nuosa

K
t

Basal marglnal cells all quadrate Basal cell walls little ‘ﬁ‘*i

"f;

pitted never slnuose ' Néw to Northern Hem1sphere (1nclud1ng

Britlsh Columbla, Br1ta1n, France and Spaln) \<.};;;J:].l;L.l;.
....;J.,..:;.;;.:_;.L,f,p:g;a...... Aa tabllis \Hook . & Wils,

s "-, N
LN

e

v
.
Lo

"4;: Basal marglnal,cells all qﬁadrate .i.....;;e.ﬂgl.....‘E.\mutab1l1s

‘.",; ' . \ A

Basal marginal cells moStly rectangular occas1onally sbme quad—

‘,\l.l
'

rate ...........;......?.I....;..;\]¢‘_,‘

)
E

Leaves narrowly lanceolate Cell walls strongly p)tted and

) e vy . w,
Vo e [P T ‘ v '
. R w, | (R . o ! [P

'I“ . Lot . “ v,\" .‘w v ‘,> -‘w‘. l',l.‘

Leaves lanceolate or panduriform Cell walls strongly or weakly

. ,
' ' | .

i
l S

%’Leaves usually curved to secund w1th obl1que aplces Pap1llae\

|
.'-

usually prominent and whatlsh at least dorsally on upper leaves

‘.:

Upper cell lumina often stellate, rounded or oval~ walls usually

1pcrassate, pitted‘ and collenchymatous.. Plants green-bronze.

a

(o
\

i pitted not sinuosev...,......L,d{;ff:;LLu.;....,..;!q..giﬁif.;f;ﬁ]':

“._;;,,a_n -_-'f—:e R L . B




7¥l U‘Thlumlna rounded walls not very collenchymatous or 1ncrassate._

I
TSN

“l-‘ ) , i ' .;

) costate Andreaeae 1n section Nerviae Card. ex Broth.. sinuose walls.

e o , g ‘. s ;,\,“.‘ "‘ : ;,.. T ) . w "'; o S IR .
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}7} Leaves abruptly narroWed from ovate or panduriform bases to long vfr

acute ap1ces On rock or soil 'vPrimarily northern ...;..,....t..

n O

S S B - Y

l.V;;;..,.,g,.,;........ A rugestr1 var gapillos (Lindb ) Podp e i

; 8. Leaves usua]ly asymmetr1c,1_ lanceolatei broadest below mld leaf

(]
\ll'r

o K ! 0N

“ not apiculate Paplllae 1nconspicuous‘ Basal qells short-. e

‘ lrectangular lum1na broad and bulgtng, walls little pltted Upper ’//

[ [ \ o ', v

"ﬂ lam1nae un1stratose or some leaves w1th b1stratose patches, cell

, S ‘e . 'y In I’m

Plants black or brown occa51onally redd1sh black Primarily
northern ‘s&t;:;ltiL{.LJ;:;.Z...;;.f. A alpestr1 (Thed ) Schlmp

8. LeaVes symmetrlc pandur1form) broadest above m1d leaf x aplcu-"

' ' [

'-h;l,‘g late. Paplllae rarely consp1cuous Basal cells rectangular to ;i“z}_

K long rectangular, lumtna rarely bulg1ng, walls p1tted p Upper vjuff&&f

oy f

lam1nae unfstratose, cell lum1na stellate, walls collenchymatous

.
S

and 1ncrassate Plants usually reddish or purple-black occasion-u |

‘L ally blaCk when submerged 1n runn1ng water greenish and wlth

‘ b o ._ ’, "
[T RN
’

- ,’\|d1stant often secund leaves Prlmar1ly northern »..,;..)...Q

. N
[ o

,j.L,L‘.,;;f.t.;!...g.g;;ﬁl.f,}l...}.;:;.;;.Q.;;ZJM A ob0vata Thed

\ . : . , h . . .
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V‘fﬁii Andreaea s1nuosa does not appear to be clbsely related to other

et =
l J “M v

ecostate spec1es none of whtch has leaves wrth sinuose cell walls. It

/' Tl

"hh, 1s not part of the A rupestri complex (including A alpestri and A

‘ ”‘ obovata), whach has pitted to nodosevbut non sinubse walls, few persls-~

ot '_t‘/»"‘I .' i

.lduatent axillary hairs, frequent spore abortion and medium-slzed spores.

Andreaea s1nuosa does, however, share several features with most

numerous persistent axlllary hairs and infrequent spore abortlon.



L fieid and heip at E and to B J Coppins for iichen 1dent1f1cations and

' 'i.assistance at E to D Fo Murray and A R Perry for cr1t1c15m, to D

iraditionally, most Andreaeae with differentiated convolute peridhae-f‘
tiai ieaves have been separated into two groups depending on the -

) presence (in section Nerviae) or absence (in sectibn Andreaea) of a
'costa.‘ Transitiona] taxa, occur’ however Fon examp]e A margiv\ta“‘\
,Hook f. & Niis., aithough c]eariy reiated to an ecostate species, A,)/
"'_lpin_ has a long subula in which aii but the marginal ce]]s are. in ;“”
i‘two (rare]y four) ]ayers, and it coul% be con51dered to have a weak fffrf
§ ccosta And certain forms of A heinemannii (in section Nerv1ae) are o

\

‘ essentialiy ecostate with a subula con51st1ng of two 1ayers of undif—

PR
I o

ferentiated ce]]s and a unistratose ieaf base' Sinuose ceils Just 11ke

Lo, e
E .v/

those in the ecostate A. 51nuosa occur frequent]y in the costate A IR

! i

\ heinemannii Andreaea sinuosa couid represent another tranSitional -.Jf'
fonn, having leaves with occaSional bistratose portions, 1n addition to L\

1 the features mentioned above. These caSes, and others, suggest that

Sy v

“the. commoniy accepted distinctions are artifiCiaI that ciose relation-

\

fships occur across the traditional sections, and that a re eva]uation fp_]‘f

A\«of the definition and taxonomic 51gnificance of ‘the costa is necessary

in the genus Andreaea.,;'f",fhj'ufq.¢:.~* y
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Figu e III .. ITTustrat1ons of Andreaea s1nuosa Drawn frOm

o hoTotype ( chofield 74208 UBC) unTess noted o Hap1ts, ]eaves moist

(Teft) and dry (right) L i- 2 Tetrad and spores -- 3 Germ1nated

spores R 4, Transverse sectlons near Teaf aplces (Tower two from x

\

Schofield 37892 UBC) -- 5 Transverse sections at Teaf bases (Tower

from van Ve]zen &: Leong UBC 20785) --'86. Leaf base, ventraT v1ew,
showing celTs and ax1TTary hairs - Z Ax1TTary hair, from per1chae-
tium -~ 8*~Upper part of Teaf show1ng ceTTs and pap1llae (from T |

Schofield 37892 UBC) -- 9 Transverse sectlon of . stem ~-= 10. Leaves,n‘

ventraT views. distal to prox1maT -~ 11, Sga]e Teaves, ventraT and

——

dorsal views --{12 Perigonia] Teaf antherid1um and paraphys1s ?—,,

~13) Leaf apex,7bistratose port1ons dashed (from Schofier 37892 UBC)

[,
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~ 'Figure IiI-Z.“ Distributjon of Andreaea,sinuosa.
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IV. ANDREAEA SCHOFIELDIANA AND A. MEGISTOSPORA, SPP. NOV., .

AND TAXONOMIC CRITERIA FOR SECT.~NERVfAE1
/

\
)

Traditionally, leaf characters have been used to differentiate
most Andreaeae, including members of section Nerviae Card. ex Broth., -
(costatéxtaxa with corfvolute pericﬁaetia] bracts),’and this approach
was followed by Schu]tze—ﬁofe] (1970) in his monograbh of costate
Andreaeae. While studying northern Andreaeae, I found that the few
spedimens from Alaska referable on leaf characterist1c§ to A. .rothii
Web. & Mohr had extremely lhrge spores,.some‘over 100 u% in diaméter,
much larger than any reported for the genus.. An exéminationvOf No;th
American herbarium material identified as A. Eéﬁﬁii sﬁowéduthat most
westerh material had very large spores while nonéqof the eastern
material did. Aisurvey.of my recent’col]ect1ons‘of Andreéea from
Scotland revealed that very large-spored material occurred occasionally

“there as well. These discoveries led me to reassess the taXOnomj of
section Nerviae with special attention paid to the size of spores.

As a result, I have found spore size to bé the most u;eful crite-
 rion for taxonomic separation. Tradjtional characters, such as leaf
shape, degree of falcateness, the ratio of costal to laminal width in
within taxa. Although usefu] in de]ineating‘specﬁes,‘thesévchargctérs
have been the source of misundérstanding when'tééﬂmuch reliance has

-

been placed on them. These features, ‘as wéf]~as,thé papillosity of

A J

1A version of this chapter has been submitted for publication.

126 -
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perichaetiaT'bracts, are sometimes most useful at the infraspecific

level.

Material that has previously been treated as A. rothii includes

\

three new taxa from northwestern parts of Nortp Amgbica and Europe that
are described be]ow; A key to costate Andreaeae in North Amer%ca'and
Europe is provided, and major diagnostic features and relatiopships of

-

- section Nerviae are discussed. -

. Andreaea schofieldiana B. Murray, sp. nov.h ’ (Fig. fV~1)

Andfeaea sect. Nerviae. Parva vel mediocris; folia lanceolata vel
sehsim‘contracta e basi 6b1énga; ]ahfna distali par&e folii distincta;
costa biconvexa ple%umque valde protuberans in paéina dorsali; bticteae
perichaetiales intimae 1nterdum papillis parvis sparsis; sporae |
mediocres, 20-30(36) pm diamétro. Haec species diffeft'ab_ﬂ. frigida

f

Hib. statura minore, sporis minoribus, costa va]de biconvexa,

habitatione‘aridiore, ab'A. rothii Web. & Mohr et A. megistospora B.

Murr. sporis minoribus et foliis lanceolatis.

3

Plants-small to medium-sized, caespitose, bronze-green, brown to
brown-b]ack,,jhvenile leaves and‘frflorescences red-brown; saxicolous.

Protonemata typical of fhe*géﬁbs. Rhizoids uni- and bi-seriate.

Protonemal appendages rarely seen, typical of the genus. Stems erect

to éurved, 0.§e1.5(2) cm high. Axillary hairs frequent, persistent,

with one to manyﬂ#ﬁn perichaetia).basal cells and one~to'many (in

v'perichéétia) brownish muci]aginbus‘cells. Primary leaves (irregularly
“shaped TeaveS'bccurring,within perichaetia;and at stem and branch

»
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bases, resembling the pseudoparaphyll1a of pleurocarpous mosses and

protonemal appendages: of Andreaea) irrggularly lanceolate to partly

l1lamentous, sometimes partlally bistratose or lobed, usually up to
v about 0.2 fmm long, rarely to 1 mm with fleshy multistratose tip.

Juvenile leaves‘O.25—0.40 mm long, apiculate, margins often crenate

i

below apicylus. Mature leaves evenly spaced, when moist widely spread-
\ " . ‘

ing, when dhy appressed; straight, curved or seéund, lanceolate or ’

.sometimes gradually tapering from oblong base, membranous in texture,
'to'2,2(2.55 ‘ long,‘lamina'distinct throughout leaf, usually bistrat-
ose above, or with' large bistratose patches, often unistratose near
costa, rarely entlrely unistratose; apices acute, bases not or slightly
sheath1ng, slightly narrowed to the stralght or sl1ghtly decurrent
insertion; margins~plane, reflexed or slightly incurved, uSually,
conspicuously thichened,'often distantly denticulate or crenate due to
erosion and irregulgr production of cells. 'Egsta present, sjngle,

v

distinctly delimited) transition between costa and lamina .very dis-

]

'
s
N

’ .tinct{ biconvex ‘to tenete or.at least strongly bulglng dorsally;
\\“narrow, 1/6-1/4. the wlothﬁzf the leaf base, frequently weak or absent
fibasally'insuboerichaetial'leaues;:of equal wioth~throughout lenoth
peréurrent or excurrent, ometlmes f1lling the upper limb and form)ng a
fleshy fragile tip posswbiy serving as a means of asexual reproductlon'
basal cells on both surfacgs elongate w1th sinuose walls cells at

~ shoulder slightly papillose, cells above shoulder slmilar to lamlnal

‘cells; in transverse sect1on f up to 6 layers cells l1ttle dlfferen-‘“b
 tiated, 1nnermost 5-6 cells sm ller and not green when young Laminal f'
' cells mostly round to oblate, rarely quadrate 6-12 um long, 8-12 um l

© w1de, evenly th)n-walled,"smooth“ basal cells especlally near costa
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rectangufar and wfth sTight]y pitted freguently sinuose walls, marginal
cells usual]y 11ke lamina] cells,’ rarely a few short rectangular |

Cladauto1cous Perigonia 1atera] or termina] buds narrow, 1nner -

bracts about 0 8 mm. ]ong, : convolute, occasional]y dent1culate a]ong
‘margins due to papflldse cel]s w1th scattered pap1llae antheridla

'usually 4 6, ca 0. 4 O 5 mm long, paraphyses numerous, often branched

‘ ’ausually un1ser1ate, rare1y with b1ser1ate port1ons Ferichaet1a]

. bracts differentlated ovate ob]ong, convo]ute to 2.5 mn 1ong, ce]]s:
often sinuose, 1nner bracts eqostate w1th scattered b1stratose por—
tions, occasiona]]y with scattered ]ow papl]lae, margins crenate; outer

- bracts costate with short subulae, archegonia termina] or appearing ;/(

rlateral due to renewed stem growth. Sporophytes- common mature 19 ear]j
summer CapsuTes exserted on pseudopod1a, about 1 0 mm 1ong, valves

- 4(5-6); valveless capsule base usually occupylng less than 1/3 of the
capsu]e 1ength zptra typical of the genus. §Rg£g_ round or -

‘angled 20-30 um (to 36 um. when germ1nated) f1ne]y papillose. to

striate- reticu]ate pap1llOse spore abort1on rare, germ1nation preco- -

cious, few ce]ls formed w1' n spOre wal], sometlmes prior to. dehis-'

cence; germinated spores seen among 1eaves

’

Type: CANADA. British Columbia- Vancouver Island Str?thcona A

‘Provincial Park Forbidden Plateau, tra1l to summ1t of Mt Becher.
‘ 49°39 N 122;&2’W“rdrxhexposed rock outcrop, on rock, 12 August 1969

R. L Halbeft 4231 (4glotype, UBC). | ‘ _
Additional Specinens examined: CANADA.  British Columbia:

Vancouver Is]and Straﬁhcona Provincial Park Donnes Mt . 9°42;N;'

125°54 N, 19 August 1970 Halbert & Price 6507 (UBC) North Vancouver.

\

x
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' ;‘Mt Seymour, 9 October 1960 Schof1e1d 12555 (UBC) Murray, 21 July :

‘1§§b\(ALA)L‘ USA. Ca]1fornia . Del Norte Co , above Nhisky Lake,

\

.41 55°N, 123 39 W, 25 November 1980, Norris 57721 (Hs€). Siskiyou Co.; - .-

o imi W of Elk L1ck 20 August 1972 Norrfs 23220 (HSC).“

A ' . ) . ' ot

-~

'”Distribution (Fig Iv- 2) and Eco]ogy Andreaea schofie]diana is

apparently very rare and is' known only from the loca11t1es c1ted above
in southwestern Br1t15h Co]umb1a and northernmost Ca]ifornia
Andreaea schof1e1d1ana has. been found between about 1280 and 1460

\
jgm e]evat1on 1n Br1t1sh Columb1a and 1525 and’ 1830 m 1n Ca11forn1a It

grows on dry, exposed as well as moﬁst shaded ac1d1c rock surfaces

'\(1nc1ud1ng gran1te) on Subalplne slopes of open con1fers, such as mixed

uTsuga mertens1ana and Ab1es ]asiocarp_ ln Brftish Co]umbia and scat-

tered Picea brewer1ana 1n Californla One Br1tish Columbian co]lection_

/

'was made in a subalp1ne cirque. Andreaea he1nemann11 Hampe & ‘C. ML,

(= A angustat L1ndb ex L1mpr ) was assoc1ated with A schofieldiana

in "one col]ectlon on a dry, exposed south facing rock in Brit1sh

- CoTunbia.

Y , S a
leferent1ation and . Relat1onsh1ps 4SeevTab1e‘IV;l Its much V

sma}1er Spores (Fig IV 1: 2 3) d1fferentiate A. schof1e1d1ana from

. | -
both A. rpthi1 ssp. ‘roth11 and A megistospora Ssp. megistospora

‘(Fig IV 3: 11- 13), which occur. in northwestern North America and 11ke

'A. schofie]d1ana have leaves 1n whrch the lamina is distinct to the

'wapex. Andreaea schofieldiana is apparent]y most -closely related to the

'jEuropean endemic species A. frigid Hﬂb.. with which it shares medium-

T sized Spores and lanceolate leaves in which the Tamina 1s distinct to X.u



the apex In A schof1e1d1ana however, spores are sma]]er, the costa |

1s more strong1y biconvex, leaf texture 1s membranous rather than o
carti]aginous,,a few low papi11ae occur occasionally on inner game-
toecia1 bracts and the habitat 1s drier There 1s a]so Q. greater

tendency toward fragi]e ]eaf t1ps, that in A schofie]d1ana are. some~ B

times swo]len and notched as 1n Didymodon lohansenII (Nilliams) Crum

Andreaea schofie]diana has been mlstaken for. A n1val1s Hogg\féasu*

has A. frigid ) no. doubt because ‘of the strong costa lanceolate Téaf

E and sometimes simi]ar bronze green color But c]oser 1nSpect1on shows5

that A. schof1e1d1ana has convolute per1chaetia1 bracts and lacks the,]

N

sharp leaf papi]]ae of A. n1val1s

i

Y *

Egymology.’ Andreaea schofield1ana is named for. Dr W. B.

Schofie]d bryologist p]ant geographer, professor of botany, and
i curator at the Univers1ty of Br1t1sh Co]umbia "His numerous coYlec¥
tions of Andreaea from Br1t1sh Columb1a and elsewhere are of 1nest1ma$"
ble value for monographic study His affect1on for the Andreaeops1da'
1s m;pifest on the Jacket of his superb'bryo]ogy text (Schofleld 1985).

Andreaea megistospora B Mun;ay, sp nov. ‘Vﬂ‘

\

‘ssp megistos&ora IR d (F1g JV3 9-23, Fig 1v4 25 28)

‘ ? . 1‘\’ o f | :". ’ : v. . ' " ,‘\‘ ‘ . Ce . ':. . ' iy . .
Andreaea sect. Nerviae. ‘Admodum parva; folia plus minusve subito,'

contracta supra basem, lamina parte distali foli1 distincta, costa
protuberans in pagine dorsali"permchaetii bracteae 1nteriores papi]-'
losae., Haec species differt ab omnibus congeneribus sporﬁs N

ampHssimis, (40)50-90(110) um diametro. S ST T
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.‘hred brown, saxicolous Protonemata typical of the genus' Rhizoids f;‘f

)

uni— and bi seriate : Protonemal 4ppendages rarely seen uStems erect“f;f”l

\

, *.to curved, usually less than 1 cm high, rarely to 1 5 cm Axillarz

Lo

s :phairs frequent persistent w1th brown mucilaginous cells Primarz

¢\“4 \ “
‘ '1leaves 1rregularly lanceolate to partly filamentous, sometimes partial-»

‘ly bistratose about 0 05 0. 40 mm long Juvenile leaves about 0 1 0 2

. mm long,,broadly ovate apiculate Mature leaves evenly spaced when

jm01st erect spreading or secund, when dry appressed apices slightly

1 i

B curved to’ secund usualiy abruptly tapering from an ovate or oblong
base often sharply contracted at the shoulder to a subula that 1s 2 to
,‘3 times as long as the leaf base‘ to 1. 8(2) mm long, lamina in subula
v dlStlnCt unistratose or partly to completely bistratose, base usually :
unistratose apices acute to slightly rounded bases clasping,‘slightly
'»narrowed to the straight or slightly decurrent insertion. margins plane
to slightly 1ncurved entiret Costa present,'single, distinctly |
R ”,delimited transition between lamina*and costa distinct dorsal (and
wsometimes ventral) costal surface bulging, especially between the R
shoulder and midleaf narrow, about I/6 the width of the leaf Dbase -
‘;”“(rarely weak basally 1n subperichaetial leaves). usually tapering
,above, percurrent to excurrent sometimes filling upper 1/4 of limb
.;basal cells elongate sinuose, cells in lower subula short- rectangular
'j_and often papillose, in upper subula round and similar to laminal | |
“?cells, in transverse section of up to 6 layers of little differentiateda..l

"~xth1ck~walled cells. Laminal cells mostly round to oblate, 7 10 pm I?;% bf‘

'.; long, 9 11 pm wide, evenly thin-walled. smooth becoming somewhat e

L0l
[ .



h]onger 1n base 1n subcostal reg1on of leaf base often yel]ow, oval to
rectangu1ar qith sl1ght1y p1tted frequent]y finely s1nuose walls;
basal marg1nal cells most]y rounded to quadrate, a few rectangular,lld

. ‘ 'especial]y 1n subperichaetia] 1eaves C]adaut01cous ‘and gonioauto1c-

- ous Perigonia narrow]y gemmate bracts about 0.8 mm ]ong, inner- - %
convolute with Iow papi]lae,‘antheridia ab0ut 4 6 -about 0. 4 mm 1ong, -

d7‘ paraphyses numerous, partial]y biseriate aplca]ly Per1chaet1a1 bracts

o differentiated ovate oblong, convo]ute and sheath1ng, about 2 1ong,:

Qe“f'g' ,,basal ceIIS often sinuose, 1nner bracts ecostate 0n1stratose or w1th

,-u;small bistratose patches papil]ose, pap1llae usuaily low and rounded B

" .

“rarely sharp and ob11que, outer bracts costate ap1cu]ate usua11y

B epap1llose, archegon1a 1atera1 or term1na1 3- 4 produced sheathed 1n

'one ecostate s]ightly 1nr011ed bract Sporophztes common mature 1n~

‘ 4
' 'sunmer overwinter1ng as 1mnature capsules w1th1n per1chaet1a brown

,spores seen’ in 1mmature capsu]es in Apr1] and ear]y November co]]ec-‘;l

|

't1ons from Scot]and in Brltvsh Columb1a capsules a]most mature 1n ;‘Q’

. "April deh1sced in June premetotlc capsules seen in Ju]y. *Capsules
. “shortly exserted on pseudopodia pseudopod1a usually s1ngle (b1pseudo;-
‘podiate plants seen rare1y), capsules about 0 7- 0 8 mm long, base of
v’fvcapsule below va]ves usual]y occupy1ng about 1/3 the 1ength of the
v '{capsule. Calgptra typical of the genus. _pggg_ angled to rodnd
y"‘brown. very large (40)50 90(110) pm, very finely papi]lose to str1ate-f ".

Ve

,»reticulate-pap1llose, spore abortlon rare germination prECOCIOUS’ EO

vvvvvv

;numerous ceTls formed within spore wall, somet1mes prior to dehiscence,

—h

"~‘ o numerous multicelluTar spores with germ tubes and rhtzoids seen among

stems and 1eaves.;3,f :_ff*,’";”'g”,; “c”"<'“ )*~"=T”




1‘7f1ed approx1mate1y 145 collect1ons The 90 or so co]lections from \f

0

T ) N 138

o Iyég: UK;:.Scot]and Maln Argy1] (v1ce c&unty 98) Meeting of "

-Three Naters, Pass of G]encoe national gr1d reference 27/17 56, on
exposed surfaces of granlte bou]ders, 31 October 1982 B M .Mgrrgx &

D. G Lgng_s__ (holotxpe E, 1sotypes -ALA and others to be distri—

t

buted 1n an exs1ccata of Andreaea in preparatlon) ’7”‘,; SR
¢ Y ' ly‘

Addit1ona] spec1mens exam1ned | I have examined pertinent materia] o

:1n ALA BBSUK BM DBN, E NMN 0y TRH UBC and HTU and have 1dent1— '”‘

I/I“‘
British Co]umbia (most in UBC) and 35 odd from the Br]tish Is]es are p
abstracted below. Less numerous’ co]lect1ons from the United States (9)_‘
. and Norway (12) are c1ted more completely Numbers in parentheses

represent the number of cdiﬂect1ons seen from an area, an asterisk ( )

o represents a specimen 1ack1ng spores, 1dent1f1ed by Jeaf characters

N

USA.. Alaska:. Baranof 1. » E edge of Davidof L., 56°37'N, /134 50" w
, WOrlgy & Ham1lton 9821 (UBC), S1tka, below Blue L., 57° 04 N, 135°10N

f‘WOr]gy & Ham1]ton 9215 P.p. (UBC) f Pr1nce of wdles I. Nichols Bay, v;fb

- 54°41'N, 132°05 W, Frze 6 August 1913: (NY S p.p.). Washington"‘ |
fSnohom1sh Co s Gran1te Falls, Ba1lez, 21 March 1925 (wTU), Perry Creek
‘Falls tra11 Hermann 18495 (COLO), Ire]and 7815 (DUKE), Schofield &

‘rIreland 21731 (UBC) Big Four, near S11verton Schofield & williams

L 26058 (UBC) CANADA' Br1t1sh Columbla Queen Charlotte Is1ands

. Graham I. (8) Mdresby 1 (22) Kunghit I. (4), Chaat] 1. (3) Prince fff-"

' jﬂ{Rupert area Skeena‘? (l), P1tt I (6) Bonilla 1. (1) Estevan Group;_b"
”rDEdeey (1), Moore I (1), Calvert 1., (4) Quadra I (2), north of - |
.ti‘Vancouver Shannon Falls (6) Mt Seymour (2), Vancouver Island Brooks:_i
‘;‘;:Peninsula (9) Tahsish In]et area (5) Effingham Inlet (3), Kennedy L fj"i

f‘“(4) Mt. Arrowsmlth (3) Mt Benson (1), Eagle Summit (1) ﬁFaney |

N .‘..' "‘-,l .



L :‘vl; SR l\\: s
Research Forest (1),\Ind1an Arm (1) Stave L (1). NORNAY Mbre-"j
, Romsdal amt ,- Hustal i Bod, Kaalaas, 3 August 1907 (0) Hordaland
k ‘Sund Telavag, Stﬂrmer 24 June 1950 (0*) Eide, Stdrmer 4, May 1965 ;l'
‘ (0). Rogaland Elgersund Stdrmer, 5 June b?Sl 27 July 1972 31 |
stuly 1972 (O*) Bjerkreim, Stdrmer 8 June 1951 28 July 1972 ( )
,Sokndal S tgrmer, 13 June 1251 (0) ‘ Stavange:aamt V1ndafjord SkJold ;
* Hval, Hagen, 23 July 1912 (TRH); - Lyse, ggggg, 13 August 1912 ()5
"JFr1sdalen ved Berqen wulfberg, 27\August 187? [year 1lleg1ble] (O)

\ l

' BRITISH ISLES Scotland Outer Hebrldes, Harr1s (1 BM*) West

| ;,uest'Ross (2 E) North Ebudes, Skye (2 ALA E
3 NMH*), Eask_bL; .ﬁi“Jth) Westerness (5 ALA BM E NMW UBC) Mldrhqff e
“‘Perthshire (l,yBM) West Perthsh1re (1, DBN*) Main Argyll (6 ALA BM ;j!‘.;
CE, NMW, uac) Dunbartonshlre (0, ) Clyde Isles Arran 1, E* ),\ RN

' Peebleshire (1, BBSUK*) w1gtownsh1re (1 BBSUK) Kyrkudbp1ghtsh1re'(}?<i‘ﬁ .

BBSUK) England- Cumberland (1, BM), County Durham (1, BN) wa]es~‘ff e
‘Merioneth (3 BBSUK NY) Pembrokesh1re (1 ALA*)“‘ Ireland, M1d Cork‘ f?V
(1 BM) West Cork (1 DBN*) Down (1 DBN) S ‘15? |

' .
~ . s ) . - ¢
!"‘4

N
’
B

Dlstribution (Fig IV 5) and Ecology.r Andreaea megistospora ssp f¢w‘=’

‘,negjstospora is known only from the localvties c1ted above Likes the

":recently described A sinuosa 5— Murr., ssp megistospora belongs to

;;the group of western North American-western.European drsjuncts that ;!;,c'l‘.

”90ccur in oceanic reg1ons and are considered relicts whose ranges were

{{sharply contracted during climatlc and vegetat1onal'change durtng the

U[Quaternary (Murray 1986) *?i53f” f‘rhlf”‘ Fepi R
| A meglstosgor (including ssp epagtllgsa ~~~~ described below) 1s
.‘quite common 1n western\NOrth Ameraca. Almost all mater1al prev1ously |

e e
PR .
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1dent1f1ed as A rothii has turned‘out to be A megistespor . From =
: western. North Amerlca I have seen about 110 collect1ons of A. mggistp-"
spgr_ and qnly about 15 of A roth11 In northwestern Europe however,‘
*A, EEEEll 1s by far the more common species For example from the
Br1tish Isles, T have seen about 35 collect1ons of ssp megistosgor

1 and about 775 of A roth11. o

Andreaea meg}stospora occurs on acidic rock from near sea- level to

f,s subalp1ne elevat1ons in reg1ons w1th a cool hyperoceanic climate. It
has been found at elevatlons from near O to' 610 m 1n North Amerlca and
from 10, to 700 m (one collect1on from 1100 m) in. Scotland The known

“"; lat1tud1nal range is about 48 57°N in North Amerlca and 52 63°N 1n ‘

Europe e “) ! A‘, f | ;k

.
[ <

About one thlrd of the collectlons had label data about exposure ‘

\

or mo1sture. Of these almost 95 per cent reportedly grew on dry,” open,

g

. sunny or exposed rock surfaces (granﬁte granodior1te quartzlte and
sandstone) The remaining f1ve per cent were from moist to wet sur-
faces Schof1eld (1976) descr1bed the Br1tvsh Columbian habftat of A
rgthi_ (almost all collect1ons have been redetermined as A megisto-
_pgga) as "on drylsh ac1dic rock from near sea- level to subalpine ]:' u‘;
elevations, normally in exposed s1tes that dry out rapidly My field |

\

experience with® ssp meg1stospora is mostly in Scotland where'it occurs 93

% v

fﬁ5 ‘on - dry,. mo1st or wet, usually exposed rock It can: be assoclated with

‘RV A rugestrl Hedw var. rupestris A rothil ssp falcata (Schlmp )

dy‘ Lindb ( A ‘huntli Limpr ), and A alpin Hedw., all or. whlch are
widely dlstrlbuted 1n the Brttish Isles more rarely with A mutabills

Hook f & W1ls. .”‘ﬂ“7;§l ‘,,;v,é i v(’. RS
SO e
SO R T

. . e AR g . ) . ) Ay, - o .
S R R : B L P T
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leferentlatlon. Seé Table Iv-1. The very large spores of )

Andreaea megjstospora, (40 SG\QO 110 um (F1g IV-3: 11 13), the -
largest in the genus (and the reason for. the ep1thet) d1fferent1ate 1t J

from its congeners Mos\ spores of A. roth11, 1ts closest relat1ve,‘

i
s
(Y
\

are between 35 and 50 pm.

v
\

Nhen mature capsules are not present, spore s1ze can somet1mes be

determlned even: 1n _young Capsules, s1hce, 1n Andreaea, spores form,

turn brown and reach mature slze ea ly 1n capsule development Also

om
\

old spores are often seen 1n the bases‘of othe*wise d1s1ntegrated old
capsules or among old per1chaet1al bract§ . o | '

If spores are not present however, regplar occurrence of pagnllae

- on perlchaetial bracts d1st1ngu1shes ssp megistospord\from A. roth11

- $sp. rothii A frigida and A. schofleldlana \The lamiﬁa is distinct

'

to or to near the leaf apex in ssp. megistospora, hereas in A:Irothii’

and-the’costa

\

1st1n-

ssp. falcata the lamina 1s narrower and less d1stinc\

often fllls much of the subula. Subspec1es megwstosporpfls d

guished from ssp epap1llos by the presence of pap1llae\on perlchae- 0

tlal‘bracts, the lamina which rémains' d1st1nct 1n the l1mb the €bsta

A \ \ ;L

sometimes filling Just the uppermost llmb and the tran51t1on between

lamlna and costa dist1nct wlth the costa bulg1ng dorsally (Flg IV-4.

)

o o

Yo o ' BRI s . » K
P . o R [N 3 Cg -1

Andreaea megistospora B Murray ssp epap1llos B Murray, ssp npv '#f‘f*
‘ (Fig 1v-3 24 Fag. IV 4 29~32) :




. \
. \ v
"

g\ o o e

Haec subspecfes differt a ssp meglschspora laminafsubu]ae . ‘/‘,

,1ndist1ncta, costa excurrent1 subuTam distalem complent1 nullo modo
“protuberant1 1n pag1na dor$a11, bracte1s pergchaet1alibus epapillosfs
| S “ - . o ‘

A p]ant w1th many of the features of ssp megﬂstosgor It is
separated on account of 1eaVes w1th ‘the 1amina 1nd1st1nct in the
subu]a, the subu]a three.to four t]mes as. long as the. 1eaf base, the
costa usua11y 4 ]ayered frequent]y filling 'the jgper half to. two-
th1rds of. the subula, the trans1t1on between the 1am1na and costa o
' 1nd1st1nct (dorsa] costa] surface not bu1g1ng), and the epapil]ose -
‘per1chaet1al bracts a“i "  .r{w |

Ixﬁé:',CANADA British Cb]umbia; Queen Chariotte Islands W
‘Moresbylla, Sunday n]et 52 38 N 131 ss'w cove .on north s1de,

outcrops in bog, 11 July 1966 N B Schof1e]d 31437 (ho]otype UBC)

Add1t1ona] spec1mens exam1ned dSA.- Alaska. Baranov I Sitka,

—

) ‘below Blue L., 57 04 N, 135°10 W, WOrley & Ham11ton 9215 p. p (UBC);

\A'68565 82550 (UBC), Nasprt1 Inlet Ha]bert 7805 (UBC)

'between Blue L and S11ver Bay, 57°03 N 135°11'w worley & Ham1lton

9413 (UBC) Pr1ce ‘of Wa]es/} N1cho1s Bay, 54°41 N, 132°05 W, fgxg 6
~ August 1913 p.b. ($)u' CANAbA Brit1sh Columbla Qufen Charlotte
Is]ands graham 1.; Van In]et 53°15 N 132°33 M, Schof1e1d 33612
’ ‘(UbC)"M0resby'I Schofleld 24046 p P 25324 30790 31187, 31231,

‘»‘31390 P. p., ' 37386, 73490 p. b- (UBC) Chaatl 1., Schofield & Boas 18786

o > 18862 UBC Vancouver Island Brooks Pe 1nsu1a Schofield
‘p -p- ( ). 0 ““”V“"T

\

a\i
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Distribution (Fig Iv- 6) and cologz Andreaea megjstospora SSp.

egag1]los is known on]y from hyperoceanic islands of southeastern
Alaska and British Co]umbia between about 50° and 57°N. Its ecology is

apparently sim1]ar‘to that of ssp. meg1stosgora; about half of the

-« coMections were mixtures '6f the two subspecies.

s

-~

¥ Differentiation. Subspecies epapillosa (Fig.‘1V—4: 29-32) 'is

separated from ssp. megistospora (Fig. IVTQ: 25-28) by its epaoi]lose
perichaetial bracts (the reason for the epithet), the lamina.that is
1nd1st1nct 1n the often longer subula, and the costa that is excurrent
and fills most ‘vf the subula and does not bulge on its dorsal surface.
If spores are present iths easily distinguished from A. rothii; if not
it is distinct from most specimens of ssp. rothii by its excurrent
costa f1111ng the subula and from ssp. falcata by its epapillose —

perichaetia] bracts. Andreaea heinemannii (= A. angustata a) is another

species with the costa often filling the subula that occurs in western

North America. ' It is usually seen w1th sporophytes and can be distin-

guished from ssp. epapillosa by its much sma]ler~spores, less than 40

um. It also differs by usually having rectangular basal marginal

cells. \

A

The fb]]owing key includes major differences between the taxa

4]

~described here and other costate Andreaeae in North America and Europe.
I have emphasized spore size since it is the most re11able feature and
since leaf characters often have var1ab1e sta*es within a taxon.
Sporophytes are usually present, and even if they are not at the mature

stage. spores can usual]yfbe found among leaves or in decayed capsule
"\‘ X .. “ .. )
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bases. If spores are absent,‘taxa can be identified by scanning the
key for subsidiary features or by reference to Table . IV-1.
Key to Costate Andreaeae of North America

o (North of Mexico) and Europe

1. Leaf margins crenate tolserrate throughout, with sharp laminal anqla
coétalvpapjllae. Perichaétial bracts shaped like stem leaves.
Subgenus Chasmocalyx (Braithw.) Lindb. ......... ......._A. nivalis

1.. Leaf margins entire or very rarely dentate above, laminal papillae
absent on mature leaves, low costal papillae often present.
Perichaetial bracts differentiated, convolute. Subgenus Andreaea
sect. Nerviae ........... TR sesencanaaean 2;

2, Spores 11-19(23) um, ‘Basal laminal cel]s.mbstly rectangular,

M
walls littjle pitted, not sinuose. Dioicous ... A. blyttii Schimp.
o ) -
‘2. Spores lafrger than 20 um., Basal laminal cells mostly quadrate,

‘round, to oblate, sometimes rectangular near costa or margins, *

walls often bitted and sinuose. Autoicous ........ e ineinaaa. 3
3..’Mos§ spores smaller than 35lum feseetacaaaaaas 1.:...........,...«4
3. Mogt igﬁyes larger than 35 um T ............. e recaeanse e vee 7‘4
4. Costa weak, at most 4-layered above and often lacking basally.

Usually with a'fgw rectangular basal marginal cells ..............

Ceeeneaes I ;..............;......,....;..‘A. heinemannii

4. Costa usually strong throughout, oftenvs-ﬁa]ayered above. Basal

-~

marginal cells most1y quédrate or rounded, veny‘rérely one or two

Short‘rectanQUIQr ;.--; ooooooooooo o:c.o}oouon.o.oua-;oqctofffovl 5

B
[

\
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5. Lamina 1odist1nct in upper part of 1eaf, costa often fi]liog
subula. Transition between lamina and costa iodistjnct (qorsal'
costal surface not bu]gihg). Leaves * abruptly contkactedvot'
-‘shoulder, forming a subula ......;J ....... .._A. crassinervia Bruch
5. Lamina distipct bo leaf apex,'costa'oecesionaily fflling upper
part of 1imb. Transition between lamina and costa t distinct.
Leaves lanceolate or gredually tapering from shoulder ....... ... 6
6. Spores (20-24)28~36(40-50) um. Endemic to Europei.ﬁ...‘ﬂ. frigida: "

6. Spores 20-30(36) um. Endemic to western North Americgm,....q....

A. schofieldiana
7. Spores (30)35-50(rarely overvﬁd, to gO) um .;.;.:.;;...........: 8
7. Spores (40)50-90(110) um ............. SRR T
8. Inner perichaetial bracts epépi]]ose" Lamina ueually distinct to
near apex, costa sometimes fil]vng uppermost part of ]1mb "Leaves
sually weakly fa]cate, rarely brittle; margins ent1re or w1th .
sgrongly bu1g1ng marg1na1 cells ...... eeeaas A. Iﬂﬁﬂii ssp rothii
8. {lnner pefichaetiél bracts papi]lose\above Costa usual]y f1111ng
upper.subula or rarely lam1na distinct to near apex Leaves
‘usually Strong]y fa]cate and brittie; margins entlre or rare]y v
distant1y dentate above ..... ..,,HIL..ﬁ.L:S‘A, gggﬂll ssp. falcata
hvw9. ‘Lamina distinct to leaf apex costa occasionally f1111ng upper |
.part of ]1mb Trans1tlon between lamina and costa dist1nct

»_(dorsal costél-surface bulging) . Innér per1chaetjal bracts

' 7papi1lose above ...,........:\{;,A(’megistospora ssp. megistospora“

9. Lamina- 1ndist1nct in subula costa f1l]ing most of subula.

'Transition between lamina"and costa 1ndwst1nct (6orsa1 costa]



" Nerviae has led to a different arrangement of taxa from‘that of

surface not bulging). Inner perichaetial bracts epap1]1ose ......
Ceetramaaaenan e e aaaaeaaaann A. megistospora ssp. epapi]losa

Taxonomic Criteria of Sect. Nerviae and Realignment of Taxa

C]ose1y Related to A Schofieldiana .and A. megistospora.

s~ ny

Seiection.of spore size as the major deffning character for sect.

Séhu]tze-MoteW (1970) Taxa in thlS sect1on have ]ong been m1sunder-

stood and many spec1mens hav:(ﬁéen misidentified.. It seems to me this

is because 1ess stable leaf characters have been used and spore charac-

B )

ters 1arge1y}1gnored. &

In my view, sect. Nerviae consists of eight species, all but one

found in the Northern Hemisphere;, Because I have not sufficiently

studied the sinp]e‘Southern'Hemisphere species,vﬁ,‘subulata Hary;
(Schultze Motel 1970), it 1s not treated here The re]ationship
between A. blyttii and A he1nemann1i (= A ngustat a) w111 be dis-
cussed in another paper The rema1ning f1ve spec1es. 1nclud1ng the two

described.here, have.been inc]uded‘wgthjn etther_ﬁ, Tothii or A,

‘crassinervia by SchdltZe-Mote1 (1970) o

Schultze Motel (1970) treated those Northern Hem1sphere members of

. sect. Nerv1ae that -have isodiametric basal marginal leaf ce}ls as A

roth11, if the lam1na extends to the leaf apex and as A crassinervia,“

if the costa complete]y fills the leaf apex. Andreaea rothii was

d1v1ded 1nto two subspecies- ssp. rothiv, with the leaf quite abruptly
narrowed to a subu]a from an ovate base,. and ssp faigid (Hab )

:‘Schultze-Mot., with the leaf gradua]ly narrowed above the base.ﬂ

v,- . . . *
AP .

g
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Schultze-Motel a]sOddivided:A; crassinervia into two subspecies: ssp.

crassinervia, with the inner perfchaetial bracts epapillose or with

scattered low pap}]]ae, andlssp. huntii (Limpr.) Amann, in which inner

bracts‘have.high'papillae. Spore stze'was not used as a diagnostic .
‘character,‘but in descriptions of taxa, range of'spore size in A.

K fgihil ssp. rothii was given as 30- 40 pm and that in ssp frigida as.

32-35 um. Range of spore size for A. crassinervia ssp. crass1nerv1a

was given as 28 32 ym and for ssp. ﬂ!ﬂ&il as 32-40 um, with spores as .
;]arge as 48 pm reported in the literature | ' | |
I have found that the leaf characters trad1t1ona11y used e1ther
have variab]e expressions within taxa or the various states occur
: repeated]y 1n,unre1ated Andreaeae. For example, all members of~sect.
: Nerviae hare'at least some forms ‘in which‘ihe costa £i11s the upper g
Ttmb . And per1chaet1a1 bracts with varrable degrees of pap1llos1ty are
- present in several taxa I have also found that most size ranges of
‘spores given in the literature are 1naccurate (e.qg. Khanna 1965 g
j Schultze-Motel 1970). In fact, taxa sort out n1cely by spore 51ze
" elasses. | ’ ‘ , ' ‘
| Tahle‘IV-l‘gives a'synopsis}of the distribution of thehimportant'
diagﬂbStic featuresvof the taka“descrihed here and of taxa treated by

‘Schultze-Motel as A rothii. and,A crassinervia If Schu]tze-Motel s

‘scheme were fol]owed the taxa described here would be arranged very

\,;;differently from the way I have presented them. Anlreaea schofie1di-

‘h.ana A. frigida A. rothii ssp: rothii and A megistosgor ssp.

. megistospora all havg leaves most like Schultze-Motel S roth:i type‘

‘and wou]d be lumped But when Spore s1ze is taken 1nto account, all

* these are,seen.to be.distinct from each other. The taxa with similar
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# o s
S ]eaf features are, ip some cases, most closely re]ated by spore size to ‘

" taxa njth very different leaf forms. Andreaea crassinervia and A

' meQistospora ssp. epapillosa have cra551nervia-type‘leaves (sensu
Schu]tie—Mote] 1970), but they differ in other characters including

spore size. nThe taxon that was'treated,by SchultieJMote] (1970) aslﬁf "
crassinervia ssp. huntii is instead related to A: rothii by'both‘sporen.
size‘and ieaf characters. fIt is synonvmdus ﬂjth,ﬁg rgthil ssp.

' falcata, which was treated as ‘a nomen COnfusum'by‘Schu]t;e-Motél. "The
'history of the coniusion and status of. this5taxon is. discussed.in the
reviSion of Andreaea in the British Isies (Chapter VI)

I am not sure why spores have been 1arge]y ignored by. students‘of

"Andreaea., Perhaps it is. because capsu]e characters are not very
important in de]ineating taxa and, by extension, it may have been
assumed that this app]ied to spores also Why. with rare exceptions

-

(e. g. Nyhoim 1969), sizes and size ranges have been 1naccurate1y

reported is also not clear. 1 have found that 1arger spores over ”

t

about 35'pm tend to swell for some time after micro- preparations are

~ 4

made. For this reason. I have.mounted all " eparations in Hoyer s
:“ mediumtand have waited to measure spores un::?\khe solution dries, But',
the sweiling of spores does not accdunt for the discrepancies in
o reports ‘ SN L !{ :if"ﬁ: - | "
,i; . "The large range of spore 51ze that occurs 1n taxa of the Andreae-r
7lopsida can result from two features of spore deve]opment One is spore;
‘ L abortion which occurs in most Andredea Species and often involves a
large part of' the spore mass.. This resuits in two size ranges'i one
R for ‘brown, shrive]ed spores and thefother for green turgid spores.

Spore abortion is rare in sect Nerviae, however. The second factor. is'
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the universal occurrence of precocious gennination ln the'Andreaeop-
sida multicellular masses form within the spore wall often prior to
.I dehiscence To accommodate the increase in diameter, the spore wall
‘stretches and the ornamentation appears striate or reticulate as cracks
_occur. inlthe outer‘layer ; Spores in varying stages, with’ varying )
numbers of cells, occur. in the spore mass, and the result is.a w1de
‘h.size range " For example in A. rgth11) spores w1thin a capsule can
range, from 30 to. 60 or so um ' '

Based on spore size and on other features mentioned, it is clear

‘that A. schofieldiana and A megistoSpora are amply distinct from

previously known Andreaea species. Theuwestern North American endemic

species A. chofieldiana lS most closely related to the European .

endemic, A frigida. Because they have medium- Sized spores, these ‘two 3

LI

" species appear to be more closely related to A. crassinervia, than to A.

Y

. 'rethii. Large spored species A. rothi1 and A. megistospora appear tp

be closely related, and large- spored stock could have diversified in

-the lowland to subalpine habitats in which these taxa are usually

foundv Subspecific rank rather than SpeCific was chosen for A.

megistospora ssp. megistospora and ssp egapillos and for A rothii

- ssp. rothii .and ssp falcata. because the morphological leaf character- ‘
istics that define each of the taxa are-of uncertain value Since
' these features have variable states that recur throughout the genus

Andreaea I do- not give them much weight By u£1l121ng subspeCific '

‘rank, I emphasize the stable feat““

h size--in spite of how different,uheir‘leaves may appear.

e

e

fthat unites the two species--spore; .
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Table 1v-1. ”cowv-parhop“'of Andrears tsphofle,ldlahp. A igl‘stpsyora and‘(heir.‘close‘st relatives 4
[ \ B e X R . -
: schoffeldlans ° ‘frigida * ' éro;s!ng}vln " ¢t idothfy ‘ . megistospora
Yo et D— ‘ TR - Y SSp.. ssp.  ssp.
. : O o .‘ C T L rogh“ falcata ~ megistospora "epapi)loss
) N Spore.size nid-sized, . mld-sind. nid-sized, hrge (30)36952(60 80) pm'{ .  very large, (40)50-: 5
S | 20-30035) um | (20)25-38 | (20)26-36. | - ‘ S %0(1i0) ym
R e cet b tee) im0 | (40-50) g T o B '
Leaf taper ,hnceohte ' 'Ianc_e’ol'ate‘ Hod ¢ ' 11md 2 adbruptly formed ‘|- 11md 2 abruptly formed
. . or lmb: | or 1mb a‘bruptly o T ‘ o
A o | greduarly grodul‘lly .| formed L ; C -
- o formed . , formed v ‘ ‘ ’ ‘ B ' ‘
' 1 A \ ' B B : " ’ . ‘
pmtnl in'. ‘distinct distinct fndfstinct distinct {ndfstinct ':disﬂnct tndistinat
“upper-part . P B B . : B to 'distgg’ncz“ . o
u v’pflelf"‘,‘ | ‘ I * | | \ ‘ ' X
! \
: ‘Ct‘ntl " ', Rt percurrent "pe}:urrent excurrent per::urrent ex'cprrent. percurpent ~ excurrent,
" . L Lo te excur- to .excurs ‘almost com- [ to excur~ | -usually to exq;r-‘ almost com-
. L [rent and rent ‘and | pletely rent and filling rent and pletely ‘
A 7 g f11ling. ,filling f1111ng upper subu- | f1111ng " £1111ng
. o ‘ 1. ¢ R ‘uppemost o uppermst ‘ 5ubu|‘a E ‘uppermost (ja, rprely uppermost | subula’ '
v ] . part of ~ part of ' [ ‘ part of, | percurrent | part of sy ‘
o . ] Yeat leaf L Cleaf o | Veaf -
N Transuion | distinct, | t dfstinct, lndlstinct. L' 2 distinct, costa distinct, Indistinct,
S ) betneel\ costa costa bi- ) costp not bulgl'ng dorsally costé bi- coiga not
" ‘ ' o 1. 14mina and ,strongly - convex or "bulging - | . o conyvex to wb‘ulglng
. ‘costa above | biconvex buliging - | dorsally - ) . .} dulging dorsally
S| shoulder a o dorsally . | . . v v R dorsally ~- '
Y ' . . . » , . o . . , .
.1 | Pertcheetial f.p,apvi)lae | paptitae’ | pepiitae ‘y ' pa‘pi‘llave ] ‘papiitae’ papillse [ popililae .
i w0 ] bract orns- ‘décasional, angnt | present,” . | .absent, present.‘ present,. . absent
. Lo mentstion iow and" ‘ usvally rarely very "Mgh and | low to ’
T S e scotte;’gd ' o . " | scattered, low and dense, rarely high| -
: i r‘/.‘.‘;u . N . -1 or absent’ " scattered | rarely K
oo e b e vecking a0 |
RN . ' T l , ‘ ot R " some plants |
N s b . N within'a ‘
. R ; S A : R popuh:thm‘k
IR Ecology. ] 'subalpinie; . il‘pﬁi‘g’? \ ‘alpine; - 7| .predoiiinately lowland B predomlnately 1owland,
o’ ‘ N . T dry to owet o | et "reaching low" alpine; - ‘reaching low ‘alpine;. dry\g
. b miolst ‘ I Rt »dr_y to- occasionally uet to occasionany wet
REC ‘Bistribution ‘vi‘p'rtﬁ;es't”. 1 turope * fqrqpe and | :?ufopé and.| fp_rope' b',nd | norttwest- | norttwest-
ool e ern North B PR ET eastern _North Amer-] one collec- | ern Europe | ern North
R ‘Amer!ca I North “ .| tea .. | tion seen~4-€nd nofth- |- Amerfca
‘ R (ORI RS Ameriu "1 (réported’ ! from, Oregon | western ' L
" .;‘ o - SRR B RREET from Mon- A Lo ,Nor'_trg.;v :
RS : ";. e golia) N : f ;vi\met‘ﬁ:u; »
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‘Figure Ivﬂl{'.llluétfationg of Andreaea schofieldiana. Dfawﬁ‘from

¢

\ hoiogype (Halbérb'423i, UBC) unTess noted.‘,—{‘l. Habif, 1eave§ m&iﬁt.

1

L == 2. ‘Spores. - 3. Germihated.spores: -- 4. Transverse sections of

upper part of }eavésgg(unistratose section from Murfaz; 21-Ju]y“1980;‘
UBC). ‘?-'SL‘Mature IéaVES._N--'6.'Juyeﬁi1e‘1eaf. -= 7. Primary leaf
énq'axillary hairs. = .- o . '

-\ "
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Figure D{-?.‘ ﬁistributi‘on of A'hc(reaea&thofie]diana.
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| 'm“*, F1gure IV-3., I]Tustrat1ons of Andreaeagn_gqstOSporaA v 9 23

\Ssp meg1stospor i Drawn from ho1otype (3} October 1982 Murrqy & Long

'sany E) un1ess noted e 9 Hablt 1eaves moist (from Schofie]d

-—
1

.24985,,UBC) -- 10 Ham“t 1eaves mo1st ‘with, perichaetium. - 11.
"Tetrads, upper from very young, green capsu1e, spores hya]ine (from ’

Schoflelq 43476 UBC) ]ower from 1mmature capsu]@/’spores yLllow -~

”“ 12.,fSpore,,'13 Germanated spore (from Halbert 7594, UBC). -~ 14.

‘ ﬁrimar& 1éaf (from Halbert 3695 UBC) ‘-~ 15 Pr1mary 1eaves (from

. ‘Murray & Perry, 1 August 1984 ALA) é€“16 Transverse section of

- stem —— 17 Axr]lary ha1r e 18-20 ells from upper, mi$;1e and
' 1ower parts of~1eaf.\ ——*21 Mafure 1eaVes Nima 22 Juveni]e leaves

- 23 Outlwne oflpr1mary leaf (F1g 14) at branch bud A 24 Ssp

) ’egap1llosa. Germ1nated spore (from Schofleld 25324 UBC)

™

A ;
A " ; )
< S ¥ . . f et
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Figure IV-4. [llustrations of Andreaea megistospora. ~- 25-28.

‘Ssp. megistospora. Drawn from holotype (31 October 1982, Murray & Long

s.n., E) unless noted. -- 25. Mature leaves (one on right from Murray
& Perry, 1 August 1984, ALA). -- 26. Transverse sections above

.mid-leaf. -~ 27. Papillose cells of inner perichaetial bract, side

N
N

view on left, surface view on right. ~- 28. Transverse-section of

papillose cells of perichaetial ﬁ}act. 29-32. Ssp. epapillosa. Drawn

from‘holotype‘(Schbfie]& 31437, UBC) unless noted. -- 29. Mature

. leaves (from Schofield 25324 UsC). -;'30., Transverse sections above

m1d leaf (from Schofie]d 31390 UBC). -- 31. Epapillose cells of

1nner per1chaet1al bract, Slde view .on 1eft surface view on right, --

32. Transverse sectlon of epap11lose cé1ls of par1chaet1al bract.
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Figure IV-5. Distribution of. Apdreéea megistospora ssp. megisto- ‘

spora.
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V. ANDREAEOPSTDA OF ARCTIC NORTH AMERICA AND GREENLAND!

- Andreaeobryaceae

A famlly wlth one genus and one spec1es that 1sfrelated to the
‘ Andreaeaceae primar1ly-by deh1scence of the capsule by means of long1—
tudlnal valves and the ma551ve sporel1ng that germ1nates w1th1n the

spore wall and produces thallose protonematal appendages In addit1on,~

;

(stomata are absent from both famllies The maJor d1fferences between

Q

‘ the two famil1es are expressed in the follow1ng keyf

1. Capsules elevated pr1or to matur1ty on short, stout setae pseudo-t

podla absent capsules little changed in shape wet, or. dry, turb1n-

. ate; obtuse conlc above, bases abruptly contracted to-setae,

Sutures consistvng of th1n-walled cells absent, valves apparently E

' formed by breaks ln th1ck~walled exothec1al cells at areas of
weakness Exothec1al cells of valves quadrate to short rectangu-

’}.flflar, in transverse section trtangular, 1nner walls at base of

l"V‘trlangle very th1n, other walls very thick. Calyptrae large,

"°covering entlre capsule, often pers1st1ng to maturity.‘ Leaves

,\}_costate. Ax1llary hairs with hyal1ne to partly brown1sh rounded- o

l rectangular basal cells w1th beaked termlnal cells, muc1lage :
';ﬁﬂg}f“apparently\extruded apically. 0n calcareous rock ..... ,;i:k..l,,.-"

'. .‘. . . L] .‘. . L] .' .'. ‘e o . L ) I o e .‘. . * :. . Q‘.\.’l . .. KJ . L] "Q lv. e's o Q Andreae‘obryaceae'
: PR

'r“7 .IA verslon of this chapter has been accepted for publicat1on.
Murray, B, ,1986. Meddr. Grdnland Biosci 23' 1-36.". -
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‘ gI,VVCapsuTes eWeVated at maturity on pseudopodia:“setae absent\

‘ capsules contracted and. valves bulging when dry, ]engthened and
"e111pt1c and va1ves closed when wet. Sutures consisting ofﬁthin-.
'walled cel]s present Exothec1al cel]s of Valves long- rectanguf f

\ilar, in transverse section usua1]y oval,_all wa]]s incrassate

‘ Calyptrae smal], ap1cal, often falling ear]y Leayes costate or
ecostate Axlllary ha1rs w1th brown quadrate basa1‘cells. nith ﬁ
clavate to cy11ndr1ca1 upper ce]]s muci]age apparently extruded

| h,“’through numerous breaks in wa]ls of upper cel]s On.ac1d1Cvor

basic rock or soil .,;..;..;.....,,..;....;,;; ...... . Andreaeaceae -

"1. Andreaeobryum Steere & B. Murr., Phytologia 33: 407. 1976. -

,Type:‘rﬁ. macrosgorum Steere & B. Murr.

!

With features of A. macrosgorum,

1. Andreaeobryum macrosporum Steere & B. Murr. .

Rhyt°j°9i3‘33= '407\‘ 1975 - Type Alaska Brooks Range Lake |
Peters, 69°20'N, ‘45°°° W 1974 Murray 6713; holotyPe in NY, isotypes Vo

| y:_‘ - Q

Plants medium s1zed to very 1arge and robust, caespitose, peren~‘b

.in ALA and 13‘ others, seen.

djn1al b]ack to dark brown, green only when yﬁﬁng or shaded, oftah with

whiasgh calcareous incru!&at1on below. Massive, globose, multicel]ular ‘da'ff‘fi

f~protonemata formed wzth1n stretched spore wa]], from which branched

. thallose protonemata, rh1zoids anc‘rsistent, cylindrical

S B g .
<0 O B . L .



"‘multiseriate protonematal appendages up to 2 o long are produced '
’ Stems 2--4 (6 or more) cm long, irregularly branched often by..innova-
‘ﬁtions,nin'transVerse section of + uniform thick—walled cells, cortical

; cells sometimes smaller and thicker walled than 1nner cells central :
i‘strands absent. Rhizoids basal on stems and sometimes branches, -vft

: filamentous, uniseriate. red brown : Minute, imbricate scale like |

,leaves occur frequently al@pg lower portions of stems,. on flagelliform
‘,shoots or 1n areas on middle portions of stems Irregularly shaped
Lprimary leaves resembling pseudoparaphyllia can occur at bases of stems
'and branches f Leaves spirally arranged larger and denser at stem

apices, sometimes efoded along lower portions of stems, leaves falcate— .J
ssecund narrowly lanceolate, tapering from broad bases to thick

narrowly obtuse subulae, 1'0--1 7 mm long 0\2‘-0 25'mm wide near the
,“bésé. Costae present. single, strong, indistinctly delineated broad

‘up to 1/4 or 1/3 the width of leaf bases decurrent filling upper‘
'subulae. in transverse section of uniform, thick-walled cells.

,Laminae decdrrent unistratose at extreme bases, becoming bistratose S .
'Jlabove. Laminal cells rounded--quadrate to short rectangular ‘thick-

. walled not pitted not collenchymatous; l2—-14 pm w1de, bulging, L
‘Jwithout or with very low papillae, alar cells not differentiated “

i”Margins plane, entire or crenate due to convexity of laminal cells :‘\ ‘l;lzgg'f
i;Axillary hairs consist of 1(2 or more) hyaline to partly brownish o o

ffmostly short-rectangular, basal cells and‘elongate terminal cells that

f,are abruptly and broadly rounded above and possess a terminal beak
t_similar to'those of the moss like hepatic genus Takakia, similar hairs
ﬂfproduced ,‘;rhizoids and protonemata of mature plants and sporelings.

.ﬁDidQTous.;'

noecial paraphyses not seen. Perichaetial leaves little B

S [ U T . .
g Coan .t . . . [
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. different1ated from stem leaves, not sheathing or convolute,,marglns
N crenate, 1nnermost leaves m1nute. Archegonla terminal or lateral
usually 1--4 : Androecia tennlnal or lateral bulbiform leaves cdh;
‘cave, 1nnermost ecostate margins crenate, paraphyses numerous, anthera.
idia usually 4—-6 ell1pt1c on blserlate stalks ‘ Pseudqpodfa absent
Sporophytes termlnal Setae present, short and broad 1.2~-
(2'0) mn. long, 0 2--0. 4 mm wide flattened and ridged, 1n trahsverse }
. ‘»sect1on outermost 3—-5 rows of cells round evenly thick- walled ;a"
1nnermost~7~-11 rows oval- hexagonal th1n walled and collenchymatous,
'wcentral strands absent foot longly tapering. Capsules elongate 0val o
when young, at maturity broader and taper1ng gradually ;t the apices
and abruptly basally, dehiscing’ by 4--8 1rregular longitudinal valves
in conlc upper part of capsules, valves not reach1ng ap1ces margins |
1nrolled when dry, + plane when wet capsule shape little changed by
'changes 1n m01sture, chestnut brown to sh1n1ng black 1n “upper valved

Vv

‘part, paler below | Exothec1al cells quadrate to short rectangular,

: sutures of th1n-walled cells absent valve exothecial cells w1th thlck

P B

long1tud1nal and thin transverse walls, tr1angular 1n transverse
sect1on the 1nn!'rbases of" the tr1angular cells very thin-walled “ \‘:*
. sides‘very th1ck-walled Stomata absent Annuli opercula anﬁ peri- |
- stomes'absent; Sporogenous tissue and columellae der1ved from*endothe-t*‘
l" clum,‘spore sacs dome shaped overarching masslve rod like perslstent‘@.~

",;columellae, spores sacs not separated by a1r spaces from capsule walls.; o

“1uSpore abort1on frequent, spores very large, spherical to oval, shrlv-l""d'

eled brown spores about 52--65 um, turgid green spores about (50)88--1“
: r'lOO(l22) pm, paplllose to ret1culate-pap1llose.. Mature 1n summer.: .

"fCalyptrae large, 0. 9--l 5 mm- long, covering entire capsules often ;
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v'persisting‘to maturity, ye]lowish brown, mitrate but becoming cucu]~ |
‘Tate as they spiit when capsu]es widen

On irrigated limestone \doiomite and calcareous sandstone, cush~
, ions often coa]escing and forming exten51ve mats covering many square
meters on %ertical ciiffs The ]arge b]ack mats area v151b]e for miles
- on the white limestone c]iffs that predominate in the Brooks Range Qf
| A]aska Sporophytes are common in the northern part of 1ts -range butr
are rare in southernmost co]]ections | ‘ |

v
' L

Endemic to,. northwestern North America Occa51ona1 in mountains 1n

. arctic Alaska often 1ocajly abundant A1so known from severa] 1oca11a' o

ties in subarctic A]aska and th° Yukon British Columbia and Northwest

Territories S L.

Selected specimens seen: _

' A]aska Kurupa Lake, 68° 22 N, 154°39 W; 1974 Iwatsuki 3342
(ALA NY) ‘"MO(ﬁt Hultén", Mi]e 271 Dalton Highway, | _'
68°27'N ]49°]8 H 1976 Murray 76-254. (ALA) - Mountain W of7_
Galbraith Lake, Mile 275.5 Dalton Highway, 68°27'N, 149°30'W;
,1981 Murray 11, 1]4 (ALA) - Upper SheenJek Va]]ey _
;Ambresvajun Lake (Last Lake) vicinity, 68°35 N 143°43'N-"

“)1975 Batten 75-48 (ALA NY) 8 km N of AmbresvaJUn Lake, 1975\u’)

‘ ‘;‘Batten 75 47 (ALA NY) 32 km N of Ambresvaaun Lake, 8°51 N, » o

BRI N;. 1975 Batten 75-4 (ALA ), - Lookout Ridge, .
~__=£9—01 N 158°10‘N 1979 Murray 9222 (ALA) < Lake Peters,‘;..

69°22 N l45°03 w 1961 Steere 610706-6 (ALA NY) - Cache

LR

1



Creek,. Ikiqkpaurak Va“ey, 69°25 N i46°00 w~ 1974 Murray o
) ‘5‘556 (ALA) - Sadierochit Mountains, 69°40 N, 145°50'W; 20 "

f“ Ju] 1983 Lipkin_snn. (ALA) o

i

(] ’ : ) o .
' . T <ot ' W

Andreaeobryum matrosporum is eaSi]y dist1nguished from Andreaea Iu;

: spec1es by: its occurrence caicareous rock, the broadly cohic capsuie T
that tapers abrupt]y to a stout seta and does not contract 1n 1ength qr

buige when wet, and the very 1arge spores

. Andreaeaceae.. ” L;Q.ﬁﬁ 1V,Z‘;'U Q7E,: ','g.‘l‘ “r”“upl .} .

"Af famiﬂy;ydthjoneféends,b:\'1 ﬁ~"7[]"‘ o [\it‘ }; i‘i:i'\,ir" RN

“i.‘lAndreaea Hedn,i‘Sp:‘ﬁnsc,,47L“iiBOi.”- f§pe: A,'rdpestris“ﬂedw;‘
v . ‘ " :;‘ ‘ ) : .

Piants smail to very iarge and robqst, caespitose perenniai

darkly pigmented gé%en on]y when ypung or shaded Giobose mu]ticeliu-t

1ar protonemata formed w1thin st?e/ihed spore wa]] from whi\h branched*\ '

thailose protonemata and rhiZOids are produced Leaf—]ike protonematai

appendages observed 1n severa1 Spec1es, Stems from 0 5 to 10 or more cm

]ong, irreguiariy branched often by innovations, in transverse section

usuaiiy of uniform thick-walied celis corticai cells sometimes

. smalier and thicker walied than inner ceiis gentrai strands abs nt .

| Rhizoids basal .on. stems and sometimes branches, filamentous uni- and

: biseriate, red brown Minute, 1mbricate scaie iike leaves occur 1f“ p,f

u

frequently aiong iower portions of stems, on fiagel]iform shoots or ‘]-]

aiong middie portions of stems. Irregu]arly shaped primary leaves

PR oL . T L TN S BT
¥ ' ! A : . . Lo i L . . .

L . o St G e

. oy . . i f . . PR LI ) o ! .
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resembling pseudoparap‘s'lia can occur at bases of stems and branches

t

‘Leaves spirally ar;anged larger.and denser on upper portions of stems,

sometimes eroded along lower portions of stems, usually more spreading -~

e I

when wet,« in ecostate Species “often squarrose, variableajn orientation

hd hape: usually clasping below, 4 spreading above, -and # constnict~ 

" oA

‘ ke a waist, near mid leaf and apices inturved or secund in

”

:ec‘sta e taXa; % abruptly pontracted to the subulae and often‘secund
above i costate taxaw usually somewhat narrowed to a straight inser~

-

tion, rarely auriculaée. Costae, when present, variable in form~

,single or branched distinctly or indistinctly delineated, short to

5

excurrent, broad\of narrow, strong throughout or lacking apically or

: v . - ) ‘I' . .'
basally; in transverse section of + uniform, thick-walled cells.

{ |
Laminal cells. variable in ecostate species usually short above,

NI "3 '
-becoming rectangular to elongate below, mid leaf and basal marginal

\

cells 2 differentiated in costate spec1es often short throughout, some
subcostal cells rectangular, laminal cells usually unistratose in

ecostate spec1es usually bl- to multistratose at least in spots 1n

~

costate species, transverse walls very thin longitudinal walls often
" thick and pitted rarely thin, 5mooth or sinuose Margins usually -

plane to sgomewhat incurved rarely rekaed Axillary hairs with

1

' l--3(4) quadrate, brown basal cells and 1(2--more in inflorescences)

-‘elongate, hyaline or brown cells, the terminal cell cylihdrical often
i

gclaVate. hyaline or becoming brown with age. Usually cladautodcous, g \\

~

_often difflcult to demonstrate due to brittle stems' rarely dioicous or

.l.w

.w t-’

gonioautoicous. Paraphyses rare or lacking in gynoecia, few or numer-

' gus in androecia. Archegonia terminal “rarely lateral; usually 3--6.

‘Perichaetial leaves large, often ﬂifferentiated,(convolute and
' ’-'5,':'.-,_ - ‘I ‘\ e * . T A
' TNy “"‘\‘,'.r e . "

roe
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sheathing. Andrgé®ia terminal-or lateral, bulbiform, antheridia
usually 4-~10, lliptit, on bisehiate stalks. Pseudopodia slender,
pale brown to black, slightly twisted to the left in surface view.
Sporophytes termina]. Setae absent, sporophytes consist of cap-
'Su]es,and bulbous to shortly tapering feet. Capsules when dry con-
tracting in length and valves bulging, when wet elliptic and valves
closed; dehiscence b& 4 or rare]j g~—10 16ngitudina1_va1ves that reach
neither bases néhbapices of capsules, margins of valves = heflexed when
. dry, plane to'inro]1ed when wet{ bases from'(1/8)1/4--1/2(over 3/4) the
length of‘the capsu]esﬁ necks very short, apices usually shortiy
eon@c~apicu1ate. éhathecial eells rectangular to ‘long-rectangular,
sutures .consisting of thin~wa1Ted>cell§ present; valve exothecial cells
with thick ]onéitydinal and .thin transverse wa1is, usuaﬁ]y oval and
with all walls thick in transverse section. Stomata:absent. Anhu1i,
opercula and peristomes absent. Spogpgenoas,tissue ana col:re]lae i
derived from endothdcium; spore sacs dohe*shaped overarching rod-1like
: persistent cb]hme]]ae, spore sacs not separated by air spaces from . -
capsule wal)s Spore abortion rare to frequent, Spores Sma11 to very
large usually §pher1ca], sometimes angled L]qii?--GO(IIO) pm, usually
pap1llose to'reticulate pap11lose, rarety almost ;mooth. ‘Mature from
sp}ing to féﬁl.'_calyptrae apjeal, very small, consistihgichieny of
unmodified aréheéohialﬁhecké, campanulateQmitrate,'usuaily falling
o . : : . .

T early. e o R o

[ Y
U ..

L]

Andreaea proBably comprises fewer than 50 species with the

greatest diver51ty‘1n the Southern Hemisphere.» Often called granite

mosses Andreaea specres are easi]ysdistinguished from Andreaeobnyum by

T A -
. ) * ., v . A
o . .
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their occurrence on acidic substrates and by the capsule‘that bulges

and contracts in length to release spores, the presence of ‘a pseudo-

podium, and, except'for one non-arctic Species, by the smaller spores.
Arctic costate species and the denticulate ecostate A. alpina

present no great difficulties in fdentification, but the A. rupestris

group (here treated as A. rupestris var. rupestris, A. rupestris var.

papillosa A. a;pestris and A. obovata) is a problem Andreaea alpes-

tris and A. obovata have northern distributions and are structurally
quite uniform, but A. rupestris sensu lato, which is more widespread,
is-extremely polymorphic and has many'proper:ﬂes shared bylﬁ. alpestris

and:ﬁ. obovata. Because of-this no one character, such as color, leaf

shape and orientation, size, papillosity, cell size, wall.thickness or
pittedness should be considered diagnostic' In the North members of
the A. rupestri group, with the notable exception of A. rupestri var,
"rupestri frequently occur on coarse mineral soil where they are very -
well developed and robust. In such 31tuations they. are easily identi-
fied, but small rock populations may cause difficulty

Invaluasle references describing the variation in the A. rupestri
group are Schimper (in Bruch, Schunper an’GUmhel Bryol Eur. 6
131—¢156;'Pl 1--14(623--636), 1855) Martensson *(Kungt. Svenska
eVetenskapsakad ‘Avhandl. Naturskyddsarenden l4 20--28 1956) and zi
: Nyholm (Illus Moss F1. Fennoscandia 2: 688--696 Swedish Nat. Research
Council Stockholm, 1969). o ' ' ’
The following key includes the most constant group af features by
;,which these taxa ‘can be recognized In such a variable group, however, o

f it is not unusual for intermediate specimens to occur, and I have taken

~
\
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a broad view of A. rupestrfs and included most such forms within that

A

. Q
Approximately 1125 specimens of the A. rupestris group were

taxon. . ‘ +

exam{ned from 59° N northward from Greenland, Canada and Alaska, of
which about-one half‘are from Green]and. About one half of the ent1re‘
material studied‘is‘ﬂ. rupestris var. papillosaj one:quarter is A.
rupestris var. rupestris, about 18 perbcent is A. alpestris, and abyut

7 per cent’is A. obovata, Andreaea'alpestris is quite common 1in

E Greenland'representing over one quarter of the A. rupestris group
there, but it is rare in Canada “and Alaska where itfa6counts for about
8 ver cent.of'the group.. Thefranges of A. rupestris var, rupestris and
var. papillosa overlap to a great‘extent, but the frequency‘of each N
differs.greatly. Between latitudes 59--63° N the ratio is.about 1:1

papillosa:rupestris, between 64--67° about 2:1, between‘68-772° about

4:1 and between 73il76°‘over 5:1.

Andreaea crass1nervia Bruch and A. rothifi web & Mohr -hate been

reported for Greenland and A. crass1nervia has’ been reported from

Baffln Island, but al1,mater1a] I have seen is equivocal. . It is
. ‘ e . . S - N
possib]e, however, that A. crass?nerviatand-A rothii occur in the . LT
. ’) PR
Arctic, 'so they are 1nc1uded in the. key in\brackets

A spec1men in S labeled only A crass1nervia Greenland Schimper

jsa m1xture of A crassinervia and A jrlgig_ HUb - Both occur 1n o

Europe,’ and other than this incompletely labeled specimen A. frigid 1s
not known elsewhere. so I suspect that the spec1men 1s mislabeled

Mater1al in NMN (and dup]icates 1n BM) cited by Wade as A crassinervia

(Bryoiogfst 57:. 225--229 1954) from West Greenland 1s A, blxttii. \1‘ o

have not found 1n BM the spec1mens co?lected at CIyde on Baffin Island

1
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N by Polunin that were detenmined to be A crass1nerv1a by N R. Sherrin

-

and cited as being housed in BM, but not seen, by Steere (in Polunin,.
Nat Mus Canada Bull. §7: 1--573, 1947). It is possible that this ;g:'«

\a

material was lost when Sherrin's lab was destroyed during world war II

(loc cit., see footnote 3, p. 375).

32’]Andreaea rothii has been reported‘from Greenland without substan—

- tiation in most general 20th century Flbras " I do not know the basis

: for these citations, perhaps the report by by R. Brown (in Rink [ed R.

Brown] Danish Greenland p. 420, Henry S. King & Co., London, 1877) who

) -based this catalog of cryptogams of Greenland on mosses collected by‘

1. 'Leaves subulate and costate.,_

Berggren in 1870 and hjs own list His report ofsA rothii may well

AR

refer to Berggren s A crassinervia var obtusifolia»( A. heinemannii)

as suggested by Lange and Jensen (Meddr Grgnl. 3: 309--446, 1887)

0

Microscopic diagnostic featurég are most eas1ly seen when a

mounting medium'8uch as Hoyer' s, lactophenol or a dilute solution of

-
LK)

potassium hydroxide is used.

-

Ay \‘

"2,'7“Leaf margins crenate to serrate, with sharp laminal and
”*f%lf "ucostal papillae. Perichaetial leaves larger than stem leaves

' but not differentiated neither §heathing nor convolute :.;.:

...'...‘......t.. 00...tl'ooclé."..ooolooo.t...o.'41“ A. Nivalls

"Leaf margins entire or rarely slightly crenate, laminal
‘papillae absent, costal papillae low or absent Perichaetial
'hleaves differentiated sheathing and convolute‘ |

,/ /’



. o 172"
‘3. §pores 11~—19(23)’pm' Basal laminal ce]ls most]y |
' rectangu]ar wails litt]e pitted, not sinuose Dioicous
e, S R SO \ blyttit
. 3. Spores‘over 25‘pm Basal lamina] cel]s most]y qiadrate,
round,frounded—obﬂate or short—rectangular, walls,often
pitted and sinuose AutoiCOus

4. Costae usually weak and flattenéd above (at most.

4- layered), often 1ac§ing basa]]y Usual]y some :

basal- marginal cells rectangular ........ ﬁw..}...:si#
b o e
ettt evacesciieaneacannnnn eeaaes 3. A heinemannii
I getnemannil

4. Costae strong throughout, usua11y terete above

(5--6- 1ayered)r Basal marginal ce]ls mostﬂy
1sodiametr1c, rarely one or two short rectangu]ar
5.. Spores 24—-35(40) um Transition between . o
| 1aminae and costae 1ndistinct (dorsa] costal
. h ' surface not. bulging) Laminae indistinct in
subu]ae. costae "3ften filling subulae ...,..g.
“W;L,Sg;i ..... .;.af.....;.... TA. crassinervia]

W/

5. Spores (30)35--50(70) pm,’ Transition between

_ Iaminae and costae distinct (dorsal costal
' surface buiging) Laminae distinct throughout ﬂhllg

\'»f . frx\ or. at ieast in lower parts of subu]ae, costae
, »\
RS ‘sometimes fil]ing upper parts of subulae ....5;

~N

Leaves lanceolate or panduriform, ecostate.:it’;*ji?

‘6 Margihs denticulate at\}eaf bases :..;........fj4 A. ibfﬁaa;ff

:p[A rothii sensu lato];" '

“'.h'6 Margins entire or weakly renate at leaf bases. ‘\J]ﬁ:;x‘f
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Leaves usually curved to secund with oblique apices

il ’ X

| Papil]ae usua11y prominent and wh1t1sh fat ]east dorsal-
‘ly on upper leaves,h Upper ce]l 1um1na often ste1]ate,
| rounded or oval wa]ls usual]y incrassate pltted, and

A ‘

co]lenchymatous. Plants‘green1sh'bronze, black. or

o reddish :

I - ' N \

8. Leaves lanceolate or occas1ona]1y pandur1form,.
gradua]]y narrowed to short or 1ong, obtuse or

acute apicesu..;ﬂ.. 5 A rupestr1s var. rupestr1s

\

, ‘
Co

'8,. Leaves abruptly narrbwed from ovate or pandur1form

i

bases to Tong, acute aplces .Q,;Iﬂﬂ.g.n,..;...;.;..

;.:;.JL;.....;J;.,.. 5.0 ‘A rupestr1s var papj]losa .

7. '_Leaves usual]y sxraight, apices occas1ona11y ob11que
®
Pap11]ae usua]ly Tow or absent, veny rarely promlnent or .
: whitish Upper cell’ 1um1na rounded or: ste]late wal]s ah

T

. incrassate. pwtted and col]enchymatous or, not. Plants- .
) . -

’archaracteristically brown b]ack or reddish black.
. 9.7 "Leaves usual]y asymmetr1c, Ianceolate, broadest '
F“ff'.ll_’f”below m1d ~leaf, not apiculate\ Papillae 1nconsp1c- »
VJél"":ii uous. Basal celis short-rectangular w1th broad }\,;
yhf’rﬁaﬁr:~bulging lum1na. walls litt]e pitted Upper 1am1nae .
‘;%lw%;feunistratose or sq?e leaves with centra] blstratose f
| 14, patches .cell. lum?na rounded wal]s not very ;,ﬁva]‘
e “;.collenchymatous or incrassate. Plants black or s
: ;'1;‘3l?f5brown, occasional]y reddish black 6. A IQestr1

_fifLeaves symmetric, pandurifbrm, broadest above f,ﬁf

,jjﬁmid-ieaf i apiculate. Papillae rare1yf7¢*:-"
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. conspicuous Basa] cells. rectangular to long— )
rectangular, 1um1na rare]y bulging, walls pitted
fUpper 1aminae un1stratose, cel] 1um1na ste]late,

‘wa1ls collenchymatous and 1ncrassate Plants

usua]]y redd1sh or purp]e black occasiona]ly b]ack
(when submerged 1n\runn1ng water greenish and w1th

.-

~distant, often secund leaves) ....... 7. A. obovata -

Ya

1. hﬂ.'niua]is Hook. L o B

Trans L1nn Soc London 10 ‘395.’ 1811?14 Type: Scotland; holotype“
and 1sotypes in BM ‘seen, | L A
. | - K
. P]ants med1um s1zed to very large . and robust brownlsh green to
\"red brown . Stems up to.10 cm long Leaves when dry erect curved
seCund or\falcate secund lower stem leaves distant at stem apices d
secund or fa]cate secund gradua]ly narrowed from an oblong base to a
‘Asharp tip; 1—-2 mm long, 0 3--0 5 mm wlde Costae present, single, :

“7percurrent or f111ing leaf ap1ces strong, about /5. the width of Teaf

"'T bases, taperlng gradua]Iy or of equa] w1dth upwardse distinctly delin—a;:f'k

‘t'xzi”eated and strong (frequently only costae nem 1ning on lower portions of
7‘;lstems), redd1sh dorsally strongly papillose. Laminae unistratose. '”*

:h{rareo1at1on d1stinct, many cells papi]lose dors lly.and ventrally

" h3‘f,Lamina1 ce]ls + uniform quadrate to rounded 9--11 pm, occasional]y s

ffshort-rectangu]ar and narrower in leaf bases, thin-walled ‘ot pitte“

not collenchymatous.. M'rgins*}lane;to;pir€1a11y reflexed;ifrregu1a Y.

denticulate or crenate‘from;papillose cells' auriculate-decurrent(v




"'V”Dioicous,. Upper stem and perichaetial leaves\similar to stem leaves\ L

D or

.i,but aerptly larger, not sheathing or convolute

Capsules (not seen in Greenland material) usually w1th 4 large and’

R l

, 2 small valves that extend td near bases and apices Spore abortion

"‘,dccasional, spores (18)20--30(40) um Chromosome number reported .

' fw‘n=l0 (Japan'-the report from South Georgia [Fritsch Regnum Vegetabile 'f

\ 108: 72, 198ZJ is a transcription error for- A australis F MUll

" Mitt. ) SREERI o i

. 0n wet rocks in streams, snow flushes and on seeping outcrops,

A
R T

often forming large mats

[
-~ t

Very rare in the Arctic known only from southern and southwestern o

‘Greenland in our region and reported from Novaya Zemlya Generally

- ffound in alpine regiqps ing oceanic parts of the Northern Hemisphere

recently reported for eastern North America from western Newfoundland

‘”(Belland Canad J Bot. 61 218--223 1983), §n northwestern North

s ,America from central Yukcn~and southexn Alaska south to British Colum-‘f’

"-bia Washington Oregon, and California. Otherw1se known from Europe,

r‘the Caucasus Asiatic U S S. R and Japan. ‘:a-im.,.

‘.‘\ L

o Specimens seen‘“' o R . \
'*';;fxv“f:‘ Greenland ‘Nithout locality, 1899 comm J _Macdll (S)
e Chr. IV p., ,siussaq,_60°06‘N 43°47*w, 1566 “Gravesen & 5’§f97ﬁf
, R R RN SR o l 65035 N, R




R ‘ ‘ e R libﬂ .
Easily d1st1nguished by itS”sharply denticulate and papillose leaf
margins and, when fru1t1ng, by the non- sheath1ng perichaetia] leaves

In hab1t 1t resemb]es the hepatic genus Herbertus and the non-costate *

fa]cate form of A ruggsgr1s var.,gagll1os |

. . .
‘ . K .
; . ,‘ . . . Lo

2. A. blyttii 5chimptf SR R TI
T — AR B . | e e

In Bruch, Schimper & Gmbel, Bryol. Eur. 6: 155, PT. 13(635). 1855: -

- Type: Norway hojotype in‘BM,‘isotypeS'in CANM, NY seen.

espec1a]1y 5& stem apices, br1tt]e, gradually subuﬁ

‘h ;

curved or secundﬁ
-]ate from a narrow ob]ong or OVate basegaj--Z mm long, up to 0.3 mm

‘ w1de, the subu1ae 3--4 times 1on§2r than'the bases, narrow, often only 1\'
“”'2 ce]ls wrde apically.‘.Costae present single,,c“ erete, fﬁl]ing g “\"'
subulae of. up to f6ur layers weaker and“bistratose or OCCasionally,' ﬁ

A i ','"""e""bist‘ratose especian _yo near

- absent bas‘ib
‘»costae.‘ Upper 1amina1 ce]]s round or‘quadrate,v(9)10--12 pm, not

;"Laminae unistratose,i

‘ﬂth1ck-wa11ed Or co]lenchymatous, * smooth to bu]ging, papil]ae rare and_u -

DR

n,low., Basal laminal éells rectangu1ar to short rectangular, very rarelyxerhr:”ff

;fquad -Iin longitudinal rows, lumina angu]ar, wal]s slight]y 1ncras-

,fsat' itt]e p1tted MargfnaI cells 1n lear bases mostly.short-"

p LR S
f;rectangu]ar, occas1ona11y a: few quadrate or long-rectangular. dgﬁt*.,

“u.«." e

CF;Dio1cous.; Perlchaetialujeaves differentiated, sheathing and convoT“te'”




‘mn’

: Forming mats on wet. rocks or alluv1um, usually at the edges of

‘ snow flushes, substrate often snow covered and in meltwater early in

summer and dry later Sporophytes occas1onal.

. ; Sporadically distributed 1n ‘the Low Arct1c Otherwlse known from

Quebec and Newfoundland in eastern North Amer1ca and in the west from S

|
alpine local1t1es 1n central and southern Alaska, southern Yukon,.

British Columbfa Washington Oregon and Cal1forn1a Known also from
arctic Europe and arctic Asia as well as from alp1ne local1t1es in

. Scotland Fennos;andia ‘and' Poland Reported from»Iceland.

- i
. . 0 RV AT
K : . . . o

' Selected spec1mens seen

W%Mmmwﬂ:IMaNmWMﬂ wmwn4vmw 13 Aug

T

' l959 Ellitsgaard_sin (C).'l- W5:" thenbenk 69°46'N,
e frﬁ?WWWﬁU%mmwgg (ALTA, B, ww HNHDNY

B N .sl‘ 5 TRH) - N7 Savigss1v1k (Meteor1te Island), B lo
,w.‘ .‘ 7600, 55°oo w 1950 Jakobsen 10317 (c; - E3: ”

v'hfultv:t: Angmagssalik d1str1ct Begin. Ikasaulaq, near QartulaJ1k, };l‘

65°51 N 37°10 w 1969 Danléls & de Molenaar M 69606a %¥~‘;;

',‘“af,.nf{ " (ALTA c CANM H, MO NFLD) -5 Scoresbysund -
fi*}"' district Havnen‘ 7o°29 N 21°58 w 28 Aug 1924 Hagerup
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_Af gl vicinity, 66°09'ﬂ 65°44'W; 1980‘Be}land,]8rassard‘& '
| Bmdgland 14595 (NFLD): .

L Alaska Seward’ Pen1nsu1a, N slope of Bendeleben Mountains,

%,‘. o T ca. 65°15'N, 153 30" W3 1948 Sigafoos 1395 (mcn)
i"\"q " Brooks: Range At]gun Pas;, Mile: 247 5 Dalton H1ghwﬂ5’» ‘
Lo oo, 149°27'W, 1982 Murray 1,343 (ALA). -

‘e L ¢
. . . .
. ‘o .

Andreaea b]ytt11 differs from other arctio costate members of the

Andreaeales 1n its very long, narrow subula WIn addit1on, the basal

~ »

£§1ls are mostly rectangular and the spores are smal] Sma]] forms can

-,

Took superf1c1a11y 11ke A. cra531nerv1a wh1ch has. short basal cele and

]arger spores. * J S R '\_

L
i | . B ' ) N .
N o o : \ '

‘3. A. heinemannii Hampe &'C. MU11.

L3 »
o

Bot. Zeif.w4f1324, P1. 2. 1846, - T"ypej Sw1tzer1and holotype and

‘1‘isotype'in‘BM seen - A. crass1nerv1a Bruch var. helnemannii (Hampe &

;C Mu“ ) C. Mﬂ11 Synops “1:-10. 1643L ; .si‘;i‘”g wf,“‘ ‘:“}J.e'
A _ﬂggsggg_ L1ndb ex L1mpr;, Laubm Deutschl 1: 144 F1g 5] Q:f
¥ '””Austria* 1sbtypes in,B BM NY seen - A blzttii ‘aq
. .?:i.gﬂgg§£g£_ (L1ndb ex Limpn ) Schultze Motel Nova Hedwigia 3?5-1

1 ;‘cra551nerv1a Bruch var. obtu51folia Berggr., Kongl Svenska

:'EVEte"SkaPS-Akadem1ens Handl ]3(8) 40 1875 «-‘[ypes'f Greenland :
; }’fGodhavn, 1870 Berggren s n., 1sotypes 1n H, NY S, TRH, UPS, seen. *3; i




.‘-'f1dng Leaves when dry erect to d1vergent occas1ona11y somewhat

} | | oA a9
obtuSifolia T:;Jens. 1858 - A obtusffolia Berggr & G. Roth, o
Russereur. Laubm. 72. 1911 Hom. _1_191 Z A mxm Schimp. var
obtusif011a (Berggr ) Sharp, in Grout Moss F1. M Amer. 1 3. )936
A Qlan1nerv1 Lindb ex G. . Roth Aussereur Laubm 73 P1. 8,
Fig 2. 1911 - Type Caucasus, hoTotype and 1sotype in S, seen - A,

Qlaninervi L1ndb,, in Broth,A Enum Musc. Caucas1 9@. ,1892, Nom.

- nud. e e

-— ' . .'. I

A. crassifol1a Luis., Broterla ser. Bot 14: 22 F1g 1a~7l 1916.

}

- Types / Portuga], not seeh, anq Spa1n, 1sotype 1n BM, seen

o . o

'y
“ tPiants small to-medium;sdaed black to brown:. Stems 0. 5——I 5 cm
T ff]ekuose\br secund brftt}EXHoblong subu1ate, 1 2--1 5 mm 1ong, up to
0.6 mm wvde, subu]ae gradual y formed about 2 t1mes longer than bases,

A, |

usually 4--6 cells wide and obtuse aplcal]y Costae present, single, ¢
flattened t indlstinct occas1ona11y strong, . f1111ng the subulae,
often ]acking basally, of 2--4 layers ap1cally Laminae unlstratose or

3 with blstratose patches espec1a11y near: the costae Upper 1am1na1

“,aifceTls rounded isodiametric, 11--13 um, not porose or th1ck~wa11ed

j}]tf'short-rectangular. A]I basal cel]s often sinuose Reported]y «‘ "5

o ‘lute.;y.r]f

‘Zsbulging Cells at 1eaf ghoulders oblate, basal 1am1na1 cells round, f“ o

};'foval oblate to rounded-rectangular., Marg1na1 basa] cel]s rounded or R

’

c A

T7‘f)auto1cous.. Perichaetlal leaves d%fferentiated sheathing and convo-".

Spore abortion not seen. Sporegféggjéd;;224252(46)£Fm;ﬁfi,aéfll;‘l‘
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0ccurs most common]y on dny, exposed ac1d1c rock often yith A

upestr1 var ruEestrl andgiar 9ap1l]osa-'

t 4 !

bay on Nugssuaq Pen1nsu]a (70 00 N, 51° 19 W).

« from there ‘and Berggren (op. c1t 5 P 11—~12)

SporOphytes frequent

180,.

A

Rare, in ‘the Arctic previously known on1y from, type mater1al of A
dfzsslnerv1a var obtus1fo]ia 1n Nest Green]and Inethe protologue

"“Fggren c1ted materia] from K1kertak -8, wh1ch is a small 1s]and in a ‘

have seen no materia];f

does not mention 1t in

h1s citation of plants from that ]ocality " He does however, 11st 1t

for neakby Ritenbenk (p. 11), and I have seen

~that 1oca11ty on the labels. It is possible

Cou Kmkertak was an error, or thg§ the’ plghts wer
R1tenbenk : I have seen many specimens of Andreaea co]lected 1n 1870 by 4

‘ Berggren and none of them are 1abe1ed Kikerta

B

several co]lection% w1th

o

-,

that the citatfon from ’6&33

A

e 1ncorrectly ]abe1ed frbm
- -

4

k even though he cited

. ",

several spec1es from that ]ocal1ty Schuster and Damsholt (Medd

Grdnl 199(1) 167 272 1974) d1scussed simi
hepat1c collect1ons and wrote that the 1abe11
have been made as Berggren visited the Nugssu

stayed at R1tenbenk both before and after fhi

lar discrepanc1es 1n

ng mistake "cou]d eas

-

aq area only ane da

Exe

[
.

s v1sit “‘aAt any rate '1t i
L ‘ N

seems cIear that the materta] 1abe?ed R1tenbenk 1s part of the type

mater1a] Mater1al in C and NY colleeted 1n

i - .
b ! 'u

Gpeen]and (W1thout loca]/

3_: it

ty 1nformat1on) by Raben and c1ted by Lange and Jensen (Medd Grﬂnl.. .”

309—-446 1887) as. A crassinerv1a var btu§1foli was misidentified

and 1s A b]ytt11fw N

Andreaea heinem nIAVOCCOrs also in southern Europe. the Caucasus,:”

Canany Islands and Madeira.‘ Previdus]y unknown in North America,ll‘;cgﬂﬂ'f-

N i

[, .
B Co

n
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)

* Oregon, California, and Co]oragg as.well as one Southern Hemisbhere

§

\

collection from Kerguelen Island.
Specimens seen:
Greenland, -~ w4: vicinity of qudesminde Geo]ogical
. Station, 68°42'N, 52°55'N; 22, Aug 1985 Murray s.n
| (ALA). -~ W5 Godhavn, mountain NE of Arctic Station,
ca. 69°25'N, 53°24'W; 17 Aug 1985 Murra} s.n. (ALA). -,
’ Arveprinsens Island; Laksebugt, ca. 69°43'N, 51°19'W.;
. C 14 Aug 1985 Murray s.n. (ALA). Ca. 69°46'N, 51°12'W; 15
h Augal985 Murray s.n. (ALA),Y~ Ritenbenk, 69°46'N,
51°20'W; 1870 Berggren s.h. (NY, S, TRH, UPS). -~ E3:
Tasilaq; 66°04'N, 37°02'W; 1970 Lewinsky 70-849 (C). -
ES: Liverpool Land: Cape Tobin, 70“25-N,_21?58'w; 12
Jul 1955, Sgrensen s:n. (C). - Hvalrosbugt, 70°30'N,

21°58"W; 22 Jul 1951 Anderson s.n. (C),

Fﬁndreaea heinémannii is easily identified by its small size,
untidy look due to divergent leaf tips, obtuse leaf tips, the + flat-
tened subula and the costa offén very we;k ar lacking basally. Its
spores are twice the'size of those of A. blyttii, the subula 1; shorter
and broader, and the basal cells are often réunded, oval oerblate with
sinuose walls, not rectangd?ar with mostly evenly thickened‘walls.‘

Andreaea crassinérvia'andAﬁ. rothii, whose presehce in the Arctic has

not been established, differ in having much stronger costae and fso-

diametric basal gel}s.’and the spores of A. rothii are larger. A.

LA
i
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heinemannii has occasionally been mistaken for A. rypestris because of

Jts weak costa. h . <

N

A

4. A. alpina Hedw.

Sp. Musc. 49, P1. 7, Fig..2p. 1801, -~ Types: Europe} not seen.

Plants large, reddish brown to purplish black. Stems up to 4 cm
long. Leaves when dry erect, straight, stiff, apices 1néurVed§ pahdur~
iform, broadest above constriction, about 1 mm long, 0.4 mm wide,
symmetrical, abruptly narrowed to triangular apices about 1/4--1/3 the
length of Teaves. Costae absent. Laminae mostly unistrétose, with
occasfonal bistratose patches especially apically, upper cells roupd to:
oval, lumina oval, about 5 um wide, wa]]iﬁthick, about 5--6 pm, some-
what collenchymatous, papillae lacking. ~Transition' from upper to lower
cells t abrupt. Basal cells rectangular to long-rectangular, lumina ”

- T amrwaTls about the same width, walls—pittéd andvnodose. ;Margjn§‘
denticulate from near bases finto mid-leaf constriction dué fo.pfoject~
ing cell ends, appearing bordered by several rows of oblique, thinner
wélled cells. Perichaetial leaves differentiéted, sheathing and

convolute.

Spore abortion occasiopal; shriveled brown spores 17--28 um,

Y

turgid green spores 26--38 um, rarely larger.

-

The Greenland specimen has sporophytes; no ecological information

was given. Elsewhere usually'on wet acidic to basic rocks.
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. ngx.rare; new to Greenlamd, from the southernmost district.
Lagerkranz (Nova‘Acta Regiae Soc. Sci Upsal, ser. 4 14(6) Appendix,‘

Musci, p. 129-134, 1950) reported A alpina for Upernavik and Godhavn

[y

‘ 4
in West Greepland. His list is 6&rportedly based on specimens identi-

_fied b} H. Persson. [ have seen L gerkra?z collections identified by
Persson in S and.UPS. None were'identifﬁed as A. SlBiﬂi; rather the .
material from Upernavik was correctly identified by Persson égezz |
alpestris and that from Godhavn or Disko as ﬁ.‘rugestrfs. Apparently
someone else named some mate;tal A. glgiﬂg'or a nomeﬁclatuna] error’ was
made 16 assembling the list. For many years A. alpina was nomenclatur—

I
ally confused and many 19th century reports or 1dent1f1catﬁons cannot

-

be relied upon. Al] ear]y Greenlaﬁd collections that I have seen
ident1f1ed as A. ~1glgg are rea’ly A. lgestr1

The southernmost Greenland reg1on where A. ,_lglg_ qu collected
has h1gh summer temperatures and high precipitation, birch and willow"
‘copses occur, and a eo]d-tempe ate or Subocea;%c floristic element or
vegetation is present.' For these reasons, the area is considered
subarctic and suboceanic rather than.arctie'py some biogeogrqphers:

e

Andreaea alpina occurs in simi]ar climates elsewhere in the North

Atlantic region from the Br1t1sh Isles, the Faroes and Norway. In the

Southern Hemisphere it is w1de1y d1str1buted on subantarctic and cold

temperate is]ands as well as along the west. coast of South America as j'

far north as Colombia.’ In the Southern Hemisphere it is part of a -
‘_group “of close]y related taxa. In the Northern Hemisphere, hqwever. tt
"qts taxonpmicelﬁy uniform and has no”close‘re]atives.

-
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Specimen Seen:’ o "' ) ‘? SR : .
Green1and S1: Julianehab district Kangersuneq\qingord]eq, \\

Igdlorssuit 60°21 N, 44 Q3 W; 1970 Jacobsen\\\39\(C)
Easily 1dehtffied by its large size, rather coarse appearance, and'
1ts symmetrfcs panduriform leaves that are dentfcuﬂate a1ong the lower.

! margfns and have abrupt]y formed triangular apices.,
~,

., , O t.h K PR
\ ' . . )
. . . . .
e X o '

5. A. rupestris Hedw. ' | : , ' ‘ " fhﬁ

e .

. Var. rupestris oo r

“Sp. Musc. 47.;'#1. 7,,Fig.129—-o. 1801. -,%ypes~ Europe, not seen. - -
A. gétrophiﬁa Ehth. ex Flrnr., Ffbra 10, Beibl. 2: 30. 182{.

A. petrophila bdrnr. var. homomalla Thed.,.Bot. Not. 5:‘79, Fig..
48-T54‘ 1849. - Types: Scandinavia, Germany and Britain; not seen.

N : - T

Plants med1um sized to large, reenlsh bronze, reddish brown or )
b]ack. Stems rarely over 3 cm long. \ Leaves variable:- straight to ":
secund .when ‘dry appressed, spreading, squarrose, or sometimes imbri-
. cate, when wet widely spreading to squarrqse; ovate- to oblong-lanceo-
late, 11tt1e constricted above bases or pandur1form. usual]y broadest
below constriction,, usually less than 1 mm long and 0.5 mm wide; ap1ces
usually oblique, often secund often incurved obtuse or acute, short ‘
- to long, gradual]y formed Costae absent Laminae unistratose, upper

‘,cells quadrate to short-rectangular,\lumina variab]e rounded, oval to

\irregular, stellate or short-rectangular. about 8—-10 um w1de, wal]s

— .~ ~ N
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‘usual]y'thick 2--6'pm,-usuaily strongly pitted, 'colienchymatous, - yq

N

characteristicaliy with prominent whitish cuticular dorsai papillae

that are longer than w1de Transition from upper to 1ower cei]s %

N i

‘abrupt Basal leaf cel]s variab]e short to ]ohg reqxanguiar, lumina

W

wider or much narrower than waiis, bulging or not walls pitteq

sometimes strong]y S0 and nodose " Basal margina] Cells quadrate,

ob]ate or short- rectanguiar Aut01cous Perichaet;ai 1eaves differen-

tiated, sheathing and. convolute usuaiiy strongiy papi]iose\ o
Spore abortion frequent,‘shriveled brown spores usualﬂy;ZO--24 pm,

i

turgid green spores 26--32(48, rareiy more) pm

. i

VY '
b .

1, ?‘ . .E \.
‘l |\‘ o : ’

Usuai]y forming greenash or black cushions on 1 acidjc rock that

b

is dry or seasonai]y wet. Often in drier 51tes ‘than other Andreaea

taxa except the xerophiious A. heinemannii, and very rare«on soi] A,

B
“« oo .

Sporophytes frequent. ’,‘i . T

£

' " i
e '
Vv

0ccaSionah)to rare, becoming Tess' frequent to the north Mhere it
‘1s 1arge1y replaced by var. Qagilios . widespread in North Ameriea,
‘;from the Arctic south to North Carolina in the . East&and to northern
California and Colorado in the west, also in "the northern tier of .
midwestern states Ohio, Minnesota Michigan and wisconsin. Known
‘irom Europe, the Caucasus ASia Japan and Pacific rsiands. Reported
"‘from Centrai and South America Antarctica southern Africa Tasmania *

A

.,and New Zealand
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Selected specimens seen N o ‘ )
| "Greeniand 51 MNarssaq; 60°56 N, 46°03 v; 1962 Steere
,”}," ' - ‘62‘881 (C CANM NY S) - W5 Ritenbenk 69°46 N
‘ 51°20 w, 1870 Berggren s. n (ALTA H) ES Ikasaulaq
: (.65°59 N,437 26' W 1970 Lewinsky 70-1397 (C) - E6 e
wOiiaston Foreland Daneborg, 74°f8 N, 20°12 W3 1947 -
Holmen 4462. (c9 o "ume ‘jgm'
ZCanada Quebec Hudson Bay, Richmond Gulf Cairh Is]and
| 1939 Marr M454 (NY) - Northwest Territories Devon
| Island Trueiove Lowland,' 75°40" 'N, 84°40 w 1973 Péter--
;o son 2544 (ALTA) El]esmere Island Alexandra Fiord,
‘78°51 N, 75°40' w Giilett 18335c (NFLD)
Alaskaf St Lawrence Island Sevuokok, near Gambe]l ' f'\,\ e
63°21°N, 169°24 W3 1949 Steere 13690 (ALA, NY) |
_3‘“': .Etivluk River, v1cinity of Etivluk Test Weii 68°22 N,
" | 156°45 W; 1978 Murray 82&§ (ALA) o Arctic Natipnal:
'Ahm"' WiTd1ife Refuge Lake Peters, 69°19'N, 145°03'W; 'ﬁ974 \

B

", Murray 6909 (ALA) _ SN TS

The important features that often distinguish this poiymorphic ,A‘-;QJ

A,

'taXOn are the bronze-green leaves with prominent whitish papii]ae, the. .
‘pitted laminal cells. and the gradual]y formed usuai]y short and often |
oblique tfp._ Var. gagiliosa usualiy shares the greenish color and' | |
_papiilae but has a long. abruptly formed Jeaf tip Smail‘biack forms *TJ
‘of var. ruges with incurved. short, obtuse 1eaf apices, 1ow papi]-~

i-J’

lae and less pitted leaf eells*are intermediate,to A [Eestri but 3
S

usually have oblique, unistratose leaf’apices some of which are-aeute.wt j

'|’I"
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,';‘Andneaea r;peStris leaves are often panduriform an% almost symmetr1cal

but they are usual]y strong]y papillose and the t1p 1s usually blunt -
‘and oblique wh1ch distinguishes them: from A. obovata° o

. Yoo
-~

Schimper (1n Bruch Schlmper and Gﬂmbel Bryol ‘Eur 6: 143, 1855)
l descr1bed eight new varieties of A ugestri (gs A. Qetroghi] al.

Several have been reported from arctic regions vars acuminata- (as a

o ynonym .of var. paplllosa Agua\?osula, sy]vicola and pygmaea I have

not been ab]e to locate unequivocal type material of these varieties, _

‘but all material 1 have seen 1n Sch1mper S herbariUm at BM fs\referable \§

0.

)

'to var. rugestr1 . His 1J1ustratfons of these taxa (P] 2(624)) can
a]so be referred to var> fugestr1 Sch1mper wrote (op cit. p. 145)
,‘that he attached 11tt1e 1mportance to the distlnctions between the o

variet1es he described put that he w1shed to show the diversity of

>

3fo;ms shown by the specles as we11‘as tQ prevent unnecessary nam1ng of"

- AR

- new spec1es o
Co L .'." . . ““‘.’ » N I B . . ‘ ) L -l ' o A , ' Sl :
~ Var. papillosa (Lindb.)‘Podp, e T

1
St TR

'ulConSPectus Musc Eur 45 1954 - A gag1llosa L1ndb , ufversigt K

“'ﬁtVet -Akad Forhdndl 23 557 1867 --Types Spitzbergen, syntypes 1ni :
fiuH BM TRH UPS seen 1- A rugestr1 Hedw SSp gagillosa (Lindb ) C:
‘5fﬂJen$ . Skand Bladnossfl« 4. 1939 L‘ A ggg!ggg Thed var. gagillos , \’
““J(Lindb ) Nyh., I1lus Moss F] Fegnoscand 2 691 1969 l' 2
e A a 1}1osa L1Ndbs var. graci]i Lindb., Ofvepsigt K Vet -Akad fq'u‘

3ghForhandl 23-‘558 1867.,-Type' Spitzbengen. holotype in H seen.w;g }ﬁtfia{

: .'1\
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Q

A.» Qarsifoli Zett Monogr Andreaearum Scand 5?: -1855, ;‘
Iype Norway,‘in UPS BM, 'S, seen. - A obovata .Thed. vart :

.A, A
Tl .

{
Q&rsifo]i (Zett.) Myh N Il]us Mo$s F1. Feﬁnoscand 2: 691 1969
' A obovata Thed. var acuminata Lindb 0fvers1gt K. Vet —Akad

Y ‘ ' “ ‘ )
Forhand] 23 557 1867 - Type Spitzbergen, 1n H BM S, seen\/‘ e
Qatens . \M011 Bot Centralbl “16: 61. 1883. - Type:
o . [ [}
.U.S.S.R. ,Chukcgi Peninsula, Jsotypes in, BREM H, S, seen. N :- IR
. - (W0 \ )

A comoact ¢ Mﬂl] . Bot. Centra]bl 16:62.. 1883 - Type
Chukchi Peninsula, isotypes fn BREM, s S, seen, i.' - '; . (}; L

‘A. cusgidat a C. Mu11 , Bot. Cintralbln 16: 62. ' 1883. - Typef‘ o
Chukch% Peninsula isotypes 1n BREM H, S, seen R

A assinilis C. MG]]., Bot. Centralbl 16: 63 1883. - Type: -

LTy
-

ChukchioPeninsula, 1sotypes in. BREM H S seen
L .“ ! . @ . \\ \ . . ‘ - i ‘.‘

Plants sma]1 orﬂion 5011) commonly 1arge and robust Stems Often

.over. 3 cm, long.v Leaves up to about 2 mm long and 0 6 mm' wide, aplces e
(. , . m . ! ; ‘ (
' acute. often very 1ong and abrupt]y fo;med from ovate bases w1th b .

prominent whitish cut1cu]ar papvllae often over tw1ce as ]ong as wide
[N \—4

or with low, inconsp1cuous papil]ae. R -f'n-“ S
N ) l\ . . . 3 ' ) [ o

Ty ”
. .

Forming dark greenlsh or b]ack cushions or mats on ac1d1c rock or
: . a?.z‘ ! Q b Co e
' on coarse mineral s01l 1n snow flushes and streams Mhen 1n streams . ‘_;;"5

often strongly falcateﬂ with few sporophytes and often mwxed with the

fgreen secund form of A obovata.;g”'“””rgfé”

. St N '
) et
s«, o .'" T Ui

oo BRI
o -

\ v R SR . Lo S ,.: ' " T f’_‘ LR

Sk Common in the Arctic and the only;Aqgreaea taxon occurring fn the

.‘

lNorth American High Arctic. Primaril"

;an,arctic or mountainous taxon
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'at high latltudes, only a little material has been seen from south of ¢

i

, our region, from mounta1ns of southern Canada and\northern U.S.A.
e

Known also from mostly northern and arctic localities in’ Europe and

| A51at1c USSR, . Lo s PR
o . (év, T

Selected spec1mens seen ‘ L . | ‘
. w“w.' Greenland QSF Ritenbenk 69 46 N 51 20 W; 1870 Berggren oo
| AsD (CANM H NY S,,TRH UPS) - W6: “Kekertok" ' L
.}73 44 N, 56°30 w* 14 Sep 1886 Ryder s.n. (ALA ALTA C,
o ;leY) - E5% Charcots Land, 71°54 N, 29°00" w, 1958 Holmen
BREEE “18384 (ALA ALTA t) NFLD, ). SRR
-h;"ff :‘,' ‘ Canada Northwest Terr1tor1es Keewatin d1strict Chantny ] 3‘2
B Inlet Parsons Lake 67°27 N 95°10 w 1959 Thomson and B
R r;;: Larsen 5948 (NY) - Devon Island Truelove Lowland,‘

"“ff‘\ N 750 QO N, ‘84°4" w 1972 Vitt‘5464 (ALA ALTA CANM, MO

e Iiﬁ'~'lu NFLD NY S) - Ellef Ringnes Island 1 5 mi SSW of
"..fjwfﬂi‘V Isachsen, 78°46'N‘ 103°35 w, 1960 §av1le 4123 (NY). -
A Ellesmere Island, The Dean Mt., 82°30 Ny, 62“20 Wi 1973 |
D &rassard 8152 (NY NFLD) P '”_v‘;‘: -;‘ ,;“ ;“fn‘.‘l.;

(RERN i : .

R A Alaska Ogotoruk Creek vic1nity, Steep Mt 68°05' N,
B » 165°37 '3 1980 Murray 10,264 (ALA). - Brooks Rangé,ﬁ o
Chandler Lake 68°12 Ny 152°47 Ws 1966 Smith 4926 (AL,

'; S QJJ""; BM, CANM; NFLD, )\ - Arctlc Natlonal wlldllfe Refuge,fll i
zhgﬂft'tae%mwewwu Mvww,mmmmwwwaumyff -
S Qf ‘h‘,. } . ' “~' ;{ ;}[ﬁ | th J ‘,”l e ‘# ’t@, o '*f?

- Distinguished]from var. rugestri by the much longer and more N:ﬁ“;; ;;:;

abruptly fonned\leaf apices and hy lts:freq;:ent octurrence on ‘soll.as‘."': | }



P

h ﬂoss F1. Fennoscand 2 691 «1969) has 1llustrated such a p]ant

fiong apices are difficult to treat “and taxonomic decisions are ‘arbi-

‘190

,”we]i as rock Smaii rock forms with some leaves with gradya]]y formed

.n'

! “" ' A 3 !

. trary e “‘é“‘ . o , .‘1n‘ i A

. Var, Eagi]los is just as variable in form as var rupestri

Fa]cate forms that have been traditiona]iy treated as A sparsifolia,

| and—which superficiaiiy resemble A nivElis, occunJmost frequentiy in

| _streams but they also occur with straight ieaved forms on rocks. Asz

in var rupestri (and‘many other speCies of Andreaea) falcate or’ |
secund forms are common, and taxonomic recognition does not seem f o k
justified Most of the robust materia] growing on wet soii presents

«

green bronze highiy papiilose but shorter tipped and strongly pandur-

‘¥

iform ieaves are seen in Green]and (these forms are. nOt uncommon in ‘ 8

A -
1

Scandinavia), and the leaf shape resembles*A obovata.« Nyhoim (Ilius
Panduriform leaves are not unconmon in var. rupestri and‘ii— o B C

deVeIOped whitish papiilae are not characteristic ofrA obovata, SO I

have treated var. Qapiiiosa as cieser to Varv rupestri than to Az ' j; LT

obo/ata but not without'hesitationc I suSpect that A rupestri A

obovata and‘A lgestri may produce simiiar lpng-tiﬁhed forms' distin-

A

guishing them, however, wi]] not belposstble Without experimental work

u r“

In Aiaska the most commbn form of var. Eapillos occurs 6n rock It ;}ﬁfn

Lk n'.’.s

[
A,"h .

lxbther than the 10ngér and more abruptly formed apices, there is

iittle difficu]ty in identification, but occaSionaily populations w1th a .

Sy

consists of,material with a g@ry iong; abruptiy formed subuia from an ﬂ,5‘jitf;
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 In Brych, Schifper &'aaﬁbel Bryol. ‘Eur.'6: 146, '1855. - A.

[
. ! A
! ° L] U . .

/ . o .
',t. ~ . .

\ l -:A\‘ “ '.'.‘ xg\ .
morpho]ogica11y; and i't is possible hat the,variation 1s clinal Var:

A Y

/"
) Qagildos has a more northern distr1bution and much greater frequency

northward and on ‘that basis, wel] as fts distinctive robust appear

ance throughout much of its rang e it seems deserving of taxonomic

‘recognition. S K 8 S o o
T A -

6. 'A. alpestris (Thed.) Schimp;
o K ‘ e

.QetPOEhI] Fdrnr var 1Qestr1 Thed Bot Not. 5?*79 :Fig. 45--47.

1849 - Type Scahdinavia, in S UPS ALTA seen. - A. rugesbr1s

/-

Hedw var. a]ge$4r1 (Thed ) Sharp., in, Grout Moss F1. N. Amer. l‘ 2.
‘1936. - A rugéstr1 Hedw ssp a]gestri (Thed ) C. Jens ,\Skand
Bladmossfl 4{f 1939. T o

A f141form1s c. Mu11 Bot Centralb] 16 162, 1883. -Type:

" U.S. S R./ ( Chukchi, Pen1nsu1a 1sotypes in BREM seen Co

' ' . ' \ !"r'
' o . K . . | .
. [ : ' ol .
Vo : ‘ . ,_.“
. i \ N

v / ' Vo

//blants med1um—s1zed to- 1arge characteristically brown brown-

bl ck to black occasiona]1y reddish Stems up to 4 cm long Leaves

3

s

v‘-‘late usual]y 11ttle constr1cted above bases. rare]y panduriform,

1.

-

when dry 1mbr1cate and appressed very rare]y secund d1sta1]y' 1anceo-

191

:0 5--1 0 mm long, rarely longer, 0 25--0-4 mm wide, apiCes straight or. ‘b_‘v‘"

occasﬁonally obligue, short incurved, obtuse, rarely acute Costae

";.absent Upper lamlnae unistratose or pften with frregular, centra1

t, o x

'.L(7)8--10(11) um wfde, walls usually thin, 2--3(rare1y to 6) um, not

e

““]p1tted. weakly coTlenchymatous, papiT}ae present but low. usually

o
AN

.f bistratose patches, cells regular. : quadrate. lumina rounded to oval,,“‘”



1nconsp1cuous. CellsVVerylgradually_pecomﬁng longer toward leaf Bases.

]
Basal cells short rectangular, lumina often Qulg1ng, up to tw1ce as

K

j wlde as walls walls weakly pltted Basal marginal cells oblate

|

rounded or short rectangular ‘Reportedly autolcous | Per1chaet1al e
L o ) [ N ".‘
leaves dlfferentlated, sheathjng, convolute w1thout or w1th Tow ‘veny !

S rarely whitish papillae -
| Spore abortlon frequent, shr1veled brown spor'es 16--21 um, turg)d

green spores (21)22--26(3?) um,: very rarely over- 30 um. £ . e

o o e | -
" In wet to dry, or seasonally wet hab1tats' form1ng large cush1ons ' ‘

!

on wet rock or on sllt over rocks in level ‘snow flushes, occa51onally

mingled with A obovata. In Alaska at leastf 1t is the only‘Andreaea ’

1
l ' B

species that fills tundra pools and frost scars, and 1t 1s rare where BT N s

‘ water flows faster, on flushed slopes and 1n streams where A ruges- '“vfw‘

t 1 var Eagillos and large,forms of A obovata occur Sporophytes“

. o
i i . i
oo “ ot
4 ) ,

uncommon. '
g
l

Quite'COmmon in Greenlan} but rare in arctjc Canadg/and Alaska t‘~:3,'”'”

Reported in’ Holocene lake ats dat1ng from about 8000--3000 bp and o

Heddr. Grdnl 198(5) 1 44 1975 Q A northern spec1es, occurring
elsewhere in North America 1n‘m_stly oceanlc reg1ons-? in the East from
Labrador and Newfoundland and 1n the Hest from subarct1c Northwest )
K Terrltories. the Yukon, Alaska, Br1t1sh Columbia and‘Cal1forn1a Known
from northern Europe and arctic U S. S R.. Reports'from Madefra and ﬁjﬁfllf;

‘ southern North Anerica need veriflcation. Material named A lgestr1s -

seenxfrom Central and South America is m1sident1fied "”'f:&i;f~




"téf‘leaves have bistratose patches in the Upper lam1nav’

“h“"ythis 1§ only relatfvely t
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Selected spec1mens seen | “f. ; ‘. : w} ‘ |
. Greenland S}; Head of Amitsuarssuk Fjord CO°46 N, A .r
R o 45°14 s 1974 Holmen 74- 436 (ALA,.C). -~ Wa: Christian- |
- shaab 68°49 N, 51 10'w 1956 Holmen 15 457 (C, CANM H,
S UPS) - WS: R1tenbenk 69°46 N 51 20 W; 1870 Berggren
3’2 (C NY S\ UPS) -~ W7: Qanaq, P1u11p Nuna. -

: --"77 28°N, 69°30° M3 1979 Frahm-792393 (C). - €3: . Tugti~
llk 66°20'N, 35 001W3"; 1971 Lewinsky ‘71- 917 (0) - E5:
Charcots Land 71 54" N 29 00 W* 1958 Ho1men 18, 402 (C)

Canada Quebec : Ungava Bay, offshore 1s]and 59°08 N,
L 65°45'W; 1975 Neber 1408 ( )c”,— Northwest Territories
S Eliesmere I. G]acler Valley, 1899 S1mmons 944 (H)
| A]aska st Lawrence L, 63°30 N, 170°3o w 31 Ju]. 1879,
‘ fkﬁ"‘; KJelean s.n. (S) - 090toruk Creek 68 05 N 165°40 w
t“ .,1959 Johnson V1ereck and Me]*hlor 464 (ALA S)
jL algestr1 is morphologfca11y un?form Important features are

A

' the 1mbr1cate Teaves that are. usua11y a soft brown black shade, otéa:ﬁ “

- 51ona11y a glossy b]ack The 1eaf apices are usually obtuse. straight e ﬁ

': and Incurved and pap1llae though present ‘are 1ow -- not whfte or

co 1cuous M1croscop7ca11y, 1t 1s characterized by thin-wal]ed

"@1:11ttJe p1tted ce]ls with rounded ]um1na, and 1n many specimens some

Size of plants 1s not a good character Andreaea alpestris 1s

l'”gwﬁfrequently descr1bed as much smaller than other Andreaea specfes but

S

|

T

~\
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1t forms long sfems and its leaves may be as large as those‘of_ﬂ.
‘rugestri and A. obovata on rock. Similarly, leaf cell s1qe is var{f
‘ab]e.' Small forms of A. algestr1 on rock can be very dﬂfflcult té
" distinguish from forms of A. rupestris, and sometimes a sat1sfadtory
determination is impossible. Large soil forms with panduriform leaves
and more porose ce]ls are very near A. obovata but can often be d)st1n~

guished by bjistratose areas of the upper lamina and the less symmetri-

cal shape and less strongly pitted and nodose cells.
7. A. obovata Thed, o,

Bot. Not. 5: 78, Fig. 27--36. 1849, - Typé: Sweden; in S, H, UPS, BM,
geen. -~ A, rugestbis Hedw. ssp. obovata (Thed.) C. Jens., Skand.
~Bladmossfil. 4. 1939, ‘ -

A hartmannii Thed. Bot. Not. 5: 77, Fig. 1--17, 3--26. 1849. -
Typés: éweden in S, H, UPS, BM, seen, ~ A obovata Thed. var.
hartmani i (Thed ) Nyh , 111us. Moss F1. Fennoscand 2: 691 1969.

’ A theden11 Sch1mp , in Bruch Schimper & Glimbel, Brxpl. Eur. 6:
150, Pl. 8(630). IQFS. 7vape: Norway; in BM H, seeﬁk - A. obovata
Thed. var. thede‘n‘ﬁ (Schimp. ) C. Jens. Skand Bladmossfl. 4. 1939,

A. obtusifol1a T. Jens., Vid ‘Medd. Naturh For. Kjobenhavn‘1858:
- 55.. 1859 - Type: Norway, isotypes in H NY, seen. "
A Krauseana C. U1, Bot. Centralb). 16: 63.1883. - Type:
Chukchi Peninsula. 1sotypes ‘in BREM S, seen I ,
ﬁgﬁgﬁfs}médium;siZed to very large and robust, qharaﬁteriitical]y

red-brown, purple-red to purple-brown, often with an orange tint;
T .. . o ‘ 5 . . v ) E“" o i
e T ot : o
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greenish whan submerged. 'Stems up to 10 tm long. Leaves straight and
crowded or, when subnerged in streams, secund and distant; when dry t
appresseq; panduriform, broadest above constriction, or obovate, up to
about 1.2 mm long, 0.5-~0.7 wide, apices usually symmetric, 1 abruptly
formed and narrow, about 1/4 the length of lea;es, or broad and short;
margins plane or ¢ incurved. Costae absent, Laminae unfstratose.
upper cells t quadrate, lumina stellate to rhomboidal, 8-~10(11) pm
wide, walls thick; 5--8 um, stfong]y pitted ana collenchymatous,

papillae very low, usually broader than high, usually 1nconsp1cuons or

~absent. Mid-leaf cells at constriction. + distinct. Basal leaf cells

rectangular to 10ng~re€tangu1ar,‘1umina not bulging, usually as wide as
or wider than walls, walls strongly pitted and nodose. Basal marginal
cells rectangular. Autoicous. Perichaetial 1eavesvdifferentiated,
sheathing and convolgte, usually withouz or with low papillae, rarely
conspicuously papillose.

Spore abortion frequent; shriveled brown spores (17)20--23(26) pm,

turgid green spores (22)26--35(40) um.

Form1ng soft, orange-red, wine~ colored or purple black cushions on
seasonally 1rr1gated rocks or soil. " Locally abundant fn mountain
streams are submerged forms with green-black, % distant leaves that are

often secund at stem ap1ces Such forms are often associated with the

falcate form of A. rugestri var. papillosa. Sporophytes occasional or

frequent in populations of robust purple-black plants growing on

permanently seeping slopes.

— p : ' t4
\ . . ) 5
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Very rare in North America and rare to occasional in Greenland.
Found in low arctic and alpine regions, as far north as 76° N in
Greenland and not seen much south of 60° N . in Labrador and Bbipish

Columbia. Known also from northern Europe and Asia. Reported from

equatorial Africa.

Selected specimens seéh:
Greenland. S1: Igdlokasik Island, 60°47 N, 46°25 W; 1962
Holmen 62-234 (C). -~ W3: Itivdleq, 64°21 N, 50°27 W;
1973 Lewinsky 73-452 (C). - W4: Egedesminde distr.,

[nugsulik, 68°18'N, 53°30'W; 4 Aug 1887 Hartz s.n. (NY).

ENE ~
- W5: Ritenbenk, 69°46'N, 51°20'W; 1870 Berggren s.n.

.A (C, M, NY, S, TRH, UPS). - W7: Thule; 1953 Benninghoff

Lo & Robbins 7696 (NY). - E3: Torssukatak (Tunok), ;

65°53'N, 36°53'W; 1969 Holmen 69-393 (C, CANM, H, NY). -

" E5: Liverpool Land, E side of Hartz Vig, 70°27'N,

21°48'W; 1971 Corner, Halliday & Waterston BS5f/71
(NFLD). - |

Canada. ‘LabradOr- Nachvak Fjord, 'Tasuiyak Arm, 59°02'N,
64°03'W; 1975 Weber 1582 (ALTA, H, S) - Northwest
Terrﬂtories Baff1n Island, Clyde R.; 1950 Baird 500624

’ (NY).

'Alaska St Lawrence Is]and SE of Paavokjaak [Povohok,
?Powooiliak Camp], 63°22'N, 171°17'W; 1933 Geist Emﬂ'
(S). < Arctic National Wildlife Refuge: Lake Peters,
69°19'N, 145°03'W; 1974 Murray 6867-(ALA).

~ L
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A variable species. Small forms of A. obovata on rock are distin-
“ guished from other members of the A. rugeétris group by théir éymmetri-

cal, shortly apiculate, panduriform leaves that are clearly wider above

‘the middle and usually lack obvious papillae. They have a chafacter1s~
tic soft Qavy laok, ~due to a strong contraction\at the waist or mid-
leaf region, and tend to-be more orange and purple than the other taxa.
0cca$iona11y mingled with A. alpestris, leaVes of A. obovata are élways
much ]arger and usually redde%; in add{;ion it can be distinguished -
‘microscopic;lly by extreme1y pitte& and co]]enchyﬁatous cell waf]s.
Symmetric, panduriform, papillose material that is fntermediatevbetweEn
. A. obovata and A, rupestris var. papillosa occurs occasiqha]]y in
Greenland. |
. . o :
In permanently wet sites, material is ]afger and the leaf apicd]a
are' shorter and broader or soﬁetimes lacking. vIn swiftly‘rUﬁning water
"a vbfy distinctive form, traditionally treated as A. hartmannif, {

occurs; if has a greenish color, long stems, distant leaves and shdrt,

‘ secund’ leaf apices. .
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"VI. THE GENUS ANDREAEA IN BRITAIN AND IRELAND

Introductiop__
-

“Andreaea is a genus of fewer than 50 species, which'are‘distri?

y

buted" primarily in cool- temperate oceanic and subpolar regions of both

Hemispheres Species extend to polar areas and also occur in the

fRes)

"tropics and subtropics, but only on the highest mountains In Europe

and North America (north of Mexico) I recognize 14 species (see keys in
Murray 1986, Chapter IV), of which 11 are present and one«more is qf
doubtful occurrence in the British Isles Because greatest spec1es

diversity occurs, in mountainous, oceanic temperate regions, the

Andreaea flora of the British Isles is about as rich as any in the

— —

Northern Hemisphere,

\

. Dillenius (1741), in the first paper entirely devoted.to.the

- classification of bryophytes, described (in the genus Lichenastrum);

from Wales, two present—day species of Andreaea A. alpina Hedw. and A.

rothii Web. & Mohr (ssp falcata [Schimp ] Lindb.). ' In. 1811 British

,species of, Andreaea were increased to four when w J. Hooker described

A nivalis from Scotland and listed A rupestri Hedw Hooker 11811)

-also described two new: varieties of A.. alpin and one of A nivalis.

PR

In the mid-1800s. from about 1830 to 1885 several new costate species

.were described from Europe, including A frigid HUb., A. crassinerv1a

vBruch A falcata Schimp , and A huntii Limpr. Schimper (in Bruch,

Schimper & GUmbel 1855) also named many new varieties of A rugestri
(under A ggtroghil Ehrh ) Over the years, ailnl of these species~and _

many of the varieties were included in British moss floras—-the pe
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:often as ., various synonyms at various ranks (e g Lindberg 1870 Braith-»
: waite 1880~ 1887) In The British Moss - F]ora, Braithwaite (1880 1887)

‘i‘a]so added a. new British variety of A rothii (var hamata Lindb ex

s

’;Braithw ) 1 ,t‘ ' ; " o '
. . ‘ N . o\

-In ear]ier British treatments of gggaea stiil oonsddered useful
fBraithwaite (\§80 1887) accepted five Species and 19 varieties. whichu .
Dixon & Jameson (1924) changed to four Specdes . one subspecies, and lh

'varieties In the current Moss Flora of Brigain and Ireland Smith

(1978) fo]iowed Schultze Motel’s (1970) monograph for costate taxa and

, Nyhoim S (1969) treatment for Fennoscandia for ecostate taxa. ‘He'

recognized Six spec1es, four subspecies and f1ve varieties In the’

‘present reViSion I treat 11 spec1es, three subsdecies and two variet- o

AN

ies. Among the spec1es are two. that have. recentiy been desCribed A. l;_

'sinuosa B. Murr \(Murray 1987) and A. megistospora B. Murr. (Chapter '

‘fv), one prev1ous]y reported only from the Southern Hemisphere A. '
mutabilis Hook. f. & Wils. - ‘and one, A bixtti whose occurrence in
. the British Isles has been ‘in doubt. ‘:\; s ft |
The remaining differences from prior treatments iargely resu]t ~
“from taxonomic realignments caused by my. selection of different charac-
l ters to those.usedwin'the;past As Smith (1978 p, 79) stated :"Some"
of the‘species‘of Andreaea .do not seem’ to have been properiy under-_'

stood in Britain and the distributions of A crassinervia and of the

varieties of the ofﬁer spec1es require revasion as many gatherings have “

been incorreetiy named " This is indeed so. I have found the main-:m'flmf
¥,

'_ﬁreason for mﬁsidentifications is that taxa have been misundenstood

*‘,

;—Confusion has centered in large part around A crassinervia and‘A

Lol L S N R
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The main taxonomic probiems in the genus Andreaea resuit from the" .

- o o “2000

.fact that traditionaily used ieaf characters have variabie states that
tend to recur in different lineages, thus they are not particularly o
'_ reiiab]e and should not be used as primary diagnostic features

Instead in; many cases I have found spore size to be the most usefui

| criterion on which to base taxonomic Judgments (Chapter Iv).

The aims of thfs study are to revise the taxonomy of the spec1es e

of Andreaea of Britain and Ireland” and to try to’ ‘make . it pOSSible to

identify them w1thout much troubie,. Andreaea hartmannii Thed (= A.

'

obovata Thed ), a species of doubtful occurrence n: the British Isies (-

(see discussion under A blxtti ),'1s not treated here but it is

inc]uded in the key in. square brackets, s1nce there Jis no. reason it in
should not be found in the region. For members of’ sect Nerviae Card K
ex Broth , the key to taxa stresses spore size, since: it is the most
reliabﬂp and. useful character " To make easier comparison of al]
diagnostic features a comparative tab]e for members of. sect Nerv1ae i}ii‘

is ‘also 1nc1uded For all taxa ii]ustrations of diagnostic features

" —

and discussions of field and mic<:scopic characters are prov1ded

L '\:'Materials and Methods . -
', ;“ This study is based on approximateiy 2400 herbarium specimens.“‘I
addition to ny own collections, I have studied material in severai . §§;

principai herbaria in Britain and Ireiand BBSUK BM DBN E and NMW

Material seen incidentiy from other herbaria is also cited Specimens T
) , s N

were annotated and data from labels were recorded for mapping David ;:fﬂ}

. ".".‘ e i '.. . ¢ KN . "‘»

N SN via T - :
D P R IR C I CRPR LU S T S .
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'G Long, Royal Botanic Garden, Edinburgh organized the label data and

.

(Wlth the help of A. R, Perry, National Museum of wales, Cardiff for ;"'tw

' Wales and parts of England and D. M. Synnott The National Botanic A

l

~}Gardens, Dublin, fOr lreland) prepared vioe county and national grid

references -for about 1700 collections representing all known localities

.“'for‘each taxon These records were submitted to C. D.. Preston. Insti- P

. tute of Terrestrial Ecology, Natural Environmen Research Council of“'*

| '

’Great Britain, Huntingdon for dep051t inm the Institute s Biological .

4

Records Centne and the production of machine plotted distribution maps

this paper,.under each speCies, records are abstracted, with at.
t the number and location of spec1mens noted Numbers in parentheLﬁ
ses. show numbers of specimens examined Herbarium abbreviations fqllow l |
R‘lHolmgren et al. (1981) Records are cited more completely if, the |
’ spec1es was recently described, is known friom ten or feWer collections

in Britain and Ireland /or 1s new for a’ v1ce-county.' British and Irish?;‘“
- VlCE county names and numbers follow those of Corley & Hill (1981),
whose catalogue can .be consulted for their locations ,
2 Herbarium specimens were supplemented by brief field study in“.

'1982 1984 and 1985,rm05tly in Scotland and totalling about two weeks H;]ﬂy
) All but two of,the spec1es treated (A crassinervia and A frigid ) o

L?-have been seen and studied there in the fi%ﬁd ‘? ;'tfﬁ ﬂ!?fﬁ{'f

Wl

oM

I have Qeen most types but for most names. I am strll studying

typification problems. Synonymy includes names used in Briwain and‘

. ‘ ‘! . l ‘ "-', ,‘, .,",vv.;"\
Ireland or: elsewhere common]y used N l-‘?gv ,'.A;,fw {'3 _zw,a

,-'!v‘

material especially 1f local materia} 1s scant“‘ylﬁuv“fc‘
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was measured from material mounted 1n Hoyer s solution and 1s expressed

1

in terms of normal range of variation with extremes in parentheses.,

In general diagnostic features requiring microscopic study are more ,J'
o easily seen when c]eared in a mounting medium\such as Hoyer s ;;; "..i,ffh
U o B \ -',|- \ : . r
" “fﬁ ' Major Diagnostic Structura] features ;“]ﬂ'“_l’:t tliij't“w
General features that apply to the genus Andreaea as a who]e haVe ﬁ:
bee discussed previousiy‘kChapter II), conments here app]y to those\ o r,vf
trat distinguish British and Irish taxa., Most structures are 111usﬁ . f. f -
trated in the figures ‘l?v;g '}31"[‘v“5 ﬂ”ﬁ}ia@h-fiy';" l}fh ’ 'ﬂ EIE
\ Axil]ary hairs. ostate species with differentiated convo]utev \f W
perichaetial bract (subg Andreaea sect\ Neruiag) and'a few ecostate iﬂ‘, .\.'
,species, e g' A sinuosa have ax1l]ary hairs that tend to per51st ﬁiﬁgfuvifﬁ
with the upper muci]aginous ce]ls becoming brown\ In other species;‘mi?jfﬁefg,
young hairs' with hyaline mucilaginous celis, are apparenttonly inﬂ{;f't'&f7?'E5
B activé]y growing regions (stem apices and gynoecia); with age the»;flﬁﬁ]a'f;]*i}
terminal mucilaginous ceiisloften disappear andkonly the quadrate, Iﬁ:l;;fffﬁlﬁ
brown stalk ce]ls are visible along stems jff‘*“i'; ,-V".';V\QQF?J5‘3Y1;“
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e bases of stems andfbranChes; Juvenile and primary leaves are discussed

s further in’ Chapter II and are not necessary to distinguish taxa.\-,r'w

. N
'

Traditionally, characters of mature leaves have been used to, /o

differentiate taxa, since capsules rarelﬁ)prove useful Leaf attikude,bnlu‘

| -Qig»chape,‘length of tip, degree of papillOSityiand denticulation and cell

RN N el ‘,,.

A

PR

e Size and wall architecture are characters emphasized. ,Unfortunately, ‘ ff :

v ' ! oot

most specie?’are polymorphic. Leaves vary within a population and eVen

Ch
s \

. i on the same plant, so although‘leaf features are helpful in delineation L

’ yu. ¢

of taxa overemphaSis on one or twn characters can lead to mishnder- .qrwi
;“ i ¥

o standing For example, in the A. rugestri group (including A lges—

r

v tris [Thed ] Schimp and A obovata) whéther leaves are: more or less -

i 4

lanceolate or panduriform and whether the leaf tips are long or short L
have been conSidered primary diagnOStic features. \Andreaea alpestrisi \‘ﬁ,“

T o
\

and A obovata are structurally‘relatively uniform and unvarying ! Qu.f
\

.
' K

A rupestri lS polymorphic'ileaves are extremely Variable in attitude “ﬂir
and shape, ranging frpm erect o, strong]y/falcate and lanceolate to '
pl~kpanduriform, with short to long tips'that are gradually or abruptly
fonmed The same degree of variability alsq applies to characteristics

~.\ .
' n'./

of cell walls In A al estri cell walls are u5ually moderately -“,L‘ilﬂhf
__Jl._____ AECEETTRSY

f": incrassate weakly pitted, not strongly collenchymatous and papillae o 77f
‘hf;? are absent or inconspicuous fn'A" ugestri cell.walls are usually' .‘”‘ |
strongly incrassate, collenchymatous and pitted, and papillae are often<s

A

:Qi‘présent and range fram low to high in relief”f




:,fﬁ‘~' In costate specfes furthe:_characters haye been used the maJor .

T
+

"“one be1ng the ratio of lamina to costa in the upper part of the 1eaf

B o ,, «'t,'

Some Species 1n sect Nerviae have been defined a]most exclusively On

‘4 '

,\,this bas1s, but since the efpressfon of this character is varlable,

with1n most species, re]iance on it leads to d1ff1cu]ty ' See d1scd%~-

sion under A rothfi ssp falcata.,“.ﬁ'[,“'

N y \\

¢ ot
e

[ .\ | ' .
: " ' R

f,‘ Bl .;‘~..

;:y ‘~Sinuose basal cell wa]]s are frequent but not obl1gate in sect
Ly " 4 \ ‘.

Nerviae.n Andreaea sinuosa (Murray 1986) is- the only ecostate spec1es‘

)

1n which this feature 1s known and 1ts cel? walls are a]ways strong]y

R v |

sinuose. Sinuose walls are known elseWhere 1n mosses only Jn the

Ao

Grimmiaceae, and Noguch1 (1974) suggested that in Racomitr1um, sinuos-,

".‘\ R IR IR RN

1ty is pn adaptation to dnyness. Another putat1ve adaptat1on to

.
B 4

dryness is the occurrence of what has been termed JO]ﬂt thlcken1ngs,

Vo Ve
"II‘J“.- b

"
#

that-"are deVeioped str1ct1y on both ends of the vert1cal wal]s...1n

v

the Cross-sectfon of the leaf, namely at the spots (Jo1nts) where

\

“ RN
’ N

vertical walls come across the free wa]]s of 1am1nal cells.... uh:

N
i

(Deguchi 1979, p 136 and Fig Sa) Known 1n Gr1mm1aceae, chranaceae

b

and Seltgeriaceae, they also are here reported for Andreaea, occhrrlng
B , -_7-_.—. v "

.

,in‘& sinuosa'and A. g}ztt1 and/also seen ocdas1ona11y 1n spec1mens ofe

N : AT
other members of sect Nerviae.. when I descrthed_and figured them . }<,y"'

A o

previou y‘(hfcray 1986), I had overlooked Deguchi's term and descr1p-

4

e .

tion and'referredeto them inaccurate]y as mePopapII]GEs

’thin-walled Ieaf ce]]s, auriculate leaf bases,-

'and n: occasionApartzally recurVeduor'1ncurved leaf margins. Most

.
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"h - ‘Perichaetial braCts Subgenus Chasmocalzx. represented by A

" ca]zx. The 1eafy stem elongates much Jess when capsule deve]opment

N

e a]ly are unfertilized archegonia seen on: the Iower part bﬁ the .

o en;]ose the young capsu1e . - \M : o,

s ) o v . ' I
' . . L ' N

\‘Andreaeaeﬁhave‘incrassate'tell‘na11s,‘straight'Ieaf.insertions, and

N , T

L4

W

Sexuai cond1t1on Andreaea n1va]1s A 91ytti1, and possibly A.

sinuosa. are d101cous Other spec1es in the Br1t1sh lees are c1adau~

tq?cous, the more common cond1t?on Members of sect ervja are. often

gon1oauto1cous as we11 as cladauto1c0us RS o Lo

L N ! ) P
' -t . b
\ i /o T, S \ PR
t N e o ' , '
. y
1

i

n1va11s, has large per1chaet1a1 bracts that are notﬂotherw1se s1gnif1-\' .
e | ‘

\ Yo '

cantly dIfferent from mature vegetative 1eaves.\ when capsule deve]op-

. ment bég)ns, the upper part of- the stem 1engthens, and leaves a1ong the

8

upper stem are larger and more d1stant than on ster11e stems. In other

Spec1es of Andreaea deve]opment dhffers from that of subg Chasmo-.

! \
A

beg1ns, and several c]osely inserted conVolute‘bracts mature and

4 './t'.'-‘ -

Pseudopodlum.‘ In Andreaea the capsule is elevated at maturity on’

a stalk of gametophyt1c prlg1n the pseudopodiua In subg Chasmo-

I4

calz the pseudopod1um is ev1dent1y formed not.only from archegon1a1

oo . |
' . o o Lo Lo . . o, [ o . ! V
" . \ s . .o . . : ' '
L I | . . 205
AT

»

‘ t1ssue and the stalk (or pedestal) that subtends the archegonium, butlg":fhd

,5~'also partly from stem t1ssue since unfertflized archegonia, small

bracteoles and axtl]ary‘hairs are often qbserved high on the pseudo-:

pOd’"m'. In other 522!22?? SPECfeS the mature capsule 1s"elevated onjaf;‘y”

A

pseudopodium 1n wh1ch stem tvssue 1s a, anor cpmponent -\ Onty«qccasion-
ﬂ'

“ . . [ AU
. vo. oL s SN
. v I .



' v "‘ l ’ "‘ ‘ N N | ": 206 ’-"'“ ‘.1
, pseudopodium; never well up the stalk, and I have not observed leaves

l,r

x of any sort or axlllary hairs on the Surface ‘of the pseudopod1um

3 . . -

,-l'

R y . . B . B
" 4 . . ‘l

|Capsule. In Andreaea the capsule dehisces by means of lohgitudi- &\
nal valves that rema1n coherent at the capsule apex (unless tisSue -

dlsintegrates with age) and that extend a variable distance toward ‘the

,——u '

base of the capsule. Typlcally, four more or. less regular valves are

formed The ratio of base to valve length varies 1In most Brit1sh and
Irlsh species the base occup1es at least one thlrd the length of the | L

!lr 1

- capsule and in AL slnuosa over one half In A n1val15 the valves

number up to six and often extend to near the base of the capsule U As

a result when dry theayalves bulge and the(capsule becomes almost

globose, truly resembl1ng a Chlnese or Japanese lantern (Lantern dﬁ'5g'| f
mosses is one of the common names used for the genus ).

o 'Spores; In most Andreaeae, spores remain 1n tetrads unt1l the'

capsule is almost mature and a large but 1rregular percentage.of the .
spore mass aborts, resulting 1n two classes of‘Spores one composed of' B

"»‘-'

brown, shrlvelled, relatévely small spores, the other of green, turgid - “

relat1vely large spores. Members of sect. Nerviae are an exception An. .j

[y

this grou‘Vspores separaté early, and Spore abort1on occurs rarely and
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i \

.'characters'varies‘ S1nce spores of aln Andréeaea species germinate T
Andreaea o

. ', with1n the spore wal], often pr1or to dehiscence of. the capsule a e
small or 1arge ce]] inass can resu]t and the S)fE‘FEHQZ’of 11v1ng spores o

*15 w1th1n a capsule can be large (Cﬁaptevs’/l and IV |
' Since’spore slze 1s such an important character 1t should be
noted that even when mature capSu]es are not evddent spores can. often

Lo be seen among o]d perichaet1a1 bracts or 1n the bases of eroded cap~,

- [

' su]es ~ Also, because Spores in Andreaea reach mature siZe ear1y in’
’l\‘ 1

capsu]e deVe1opment hya11ne or tan spores 1n green capsu]es can.

,‘somet1mes be used to determine genera1 spore s12e I

t

o Chromosome -Numbers T T
"U‘ o ! . ' .Al> .““‘}- PR, ' ! . '

. . B , . . N .
. . . . . v nr
\ . . iy . , . N . Y

Cyto]ogrcal 1nformat1on about Andreaea IS scant The number h 10 AN

it
[

has been counted fbr s1x spec1es, 1nc}ud1ng extra- terr1tor1a1 material / )

i

. of spec1es found 1n the ‘British Isles A. niva]ls} AL rothii (recently

i 1dent1f1ed by me as ssp roth1i) and A rupestri (Fr1tsch 1982) Thé *‘_

': on1y counts made- on Brltzsh mater1a1 are by Smith & Newton (1968)
Their d1scovery that welsh materfal of A roth11 (recently identiﬁied

by me as ssp falcata) had a count,of n= 11, shows that cytplogical work

may prove helpful in: de11neat1on of taxa. AL DA V‘f‘f-"-;~$ﬁg:1‘
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J\metal and acid rock,,about sums it up and has a nice ring to it. The

g

e genus Andreaea is usual]y given the common name, granite mosses

% Andreaeae do tend to occur on acidic rock but some spec1es grow often
%gﬁon mildly basic rocks, e.g. A ~lpina Differing ranges of pH, between
t¥%5but 4 and 7 have been reported for substrates of a few Andreaea |
species ‘from outside Britain and Ireland, which shows that the taxa may
sort out along gradients of pH (Amann 1928, Elvebakk 1984). In Scot-
- lard, on the Isle of Skye A. ,Eﬂﬁﬂii has been reported as indifferent .
to rock type only aVo1d1ng 1ime (Birks-& Birks 1974) but there appear
to be othen 1nteresting aspects to its substrate eco1ogy In North
CaroIina, Rohrer (1982) found‘that‘ﬁ. rothii was one of few bryophytes
restricted to a siggle rock type And Bates (1978) reported that
Hebridean mater1al of Ay Lgtﬂii has an unusual abil]ty to. accumu]ate
heavy metal plants were found to have h1gh iron and a1um1num contents
when growing on Torridon1an sandstone, Wh1ch is Iow in these elements.
Speci}s diverslty 1n—Andreaea is greatest in mountainous regions
with oceanfc or humid, cool- temperate c1imates I haVe recorded 14
taxa from British Columbia, 13 from the British I ;* and 12 from
Norway and the Alps, as compared with eight for the Krctic, séven for

|~ A w,
southern Eurﬁbe, and six fqr the eastern and contermlnous western

n
N

Unfted States. From these data it is apparent that features of region-

-

'a] climate, espectally moisture and temperature, are important in
detenninfng geographfc patterns. However Andreaea species are also
among the mé@k folerant mosses 1in terms of environmental extremes
Dilks & Proctor (1975) found that certain Andreaea species were ex- -
tremely resistant to freezing and yet A. rothi{ and A. ggplg_ also

'7 shoued suﬂstantial net assimilation*at temperatures as. high as 40°C

[543 .
“ssé-.s e‘.; S, »
b S s C v
. L I a
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Many Andreaea species occur in habitats that are exposed to Q1dé
.extremes of moiéture and shade, being wet or submerged early in the
growing season and dry and éxposed‘later. Thelr‘physiologlcal toler-.
ancé'eﬁableé”thEmmto succeed in very severe as well as variﬁble condi-
tions. This tolerance “could permit'survlval during major climatic

change such as has occurred in glacial and interglacial intervals.

As with Sphaghum and Drepanocfﬁdus,’for example, lt'is common for
closely felated species or’lnfraspeciflc>taxa of the same species 6f'
Andreaea to grow in close assoclation, For examble, in Scotland, at
the Pass of Glgncoe, I have seen six taxa Qroﬁinglw1thin a few feét of
each other, some mingled. With its diver;é Andréaea flora and juxta-
posed spegjes in 9asily acces;iblé locations, the/Britiéh Istes is an
ideal place to study the autecology of Andreaeae.

_Andreaea species of the Brifish Isles comprise‘th?éé groups 1in

terms éf range of elevation: 1) those occurrlng only in mountalns,
.close to summits, often in snow-beds or ~flushes and - rarely seen much '

below 900 m: _A..nlval1s,_ﬁ. blytt1f,‘ﬁ. crassinervia, A. frigjda,_ﬁ.

sinuosa, and A. algesfris; 2) those occurring from near sea level and

‘reaching the alpine but'rarely seen much 9%ove 900 m: A. erhll and A.

megist05ponai,and 3) species ﬁore or less indiffenenf found from near

sea level to mountaln summlts A. alpina’ and A. r;pestris. Andreaea

mutab1l1s can bé placed in this last group, but Q\EQ collections ‘are
from the alpine, and 7t is rarely seen below 600_m,(several collections

.are from 150-250 m) : t - ’l%.“‘

o



tropical and subtropical regions_ﬁ. mutabilis occurs only 9n the
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Distribution . L
r (.’

\:ghe geographic distributions of the 13 taxa of Andreaea in the

British Isles form interesting patterns because they show endemism and

wide 'disjunctions of several types: , , -

1. . Widespread in the Northern Hemisphere: . rupestris var.
pread 1n p A. rupestris

rupestris. Aridreaea rothii-ssp. rothii occurs in Europe, eastern and

western North America and has been reported from Mongolia, so may
generally fit th1s pattern, although there are large gaps in its
dfstribution ‘ '

2. Circumalpine (sensu Schofield 1980) or circumpolar“taxa: A.

nivalis, A. blyttii, A. rupestr1s var. Qapil]osa and A. alpestris.

A. megistospora ssp.ymegistosgora and A. sinuosa. The pattern of A.

3. A@phi-At]antic species A. crass1nervia.

4. Northwestern European-Northwestern North American disjuncts:

rothif ssp. falcata may be similar; it is widespread in Europe, but I

have seen only one North American collection, from Oregon.

5. .§jpo]ar species: A. alpina. IAndreaea mutabilis.also occurs

in both hemispheres. but not as widely disjunct as A. alpina. In

“highest mountains.

6. European endemic speeies:-,ﬂ.'frigida.

L]

Andreaeae are‘pioneers and given their wide ecologicaT tolerances

rl they are probab]y well adapted to survive many types of cl1mat1c L
\change, in microniches. So it is not surprising that they survive in itﬁ
’ sma11, 1solated populations but the nature of some of the disaunctions .

. is puzzling.._why is A. rothii ssp. fa]cata absent from eastern North

L

»
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America when ssp. rgthii is_common‘there and both taxa are sympatric in
Europe? Since'suitable habitats are plentiful, and A. alpina occurs in
the northern part of South America and ‘is from there disJunct'to
southern Greenlant*and northwestern_Europe, why is it unknown in North
America?. Do bipolar Andreaeae demonstrate the reverse of the usual

pattern of dispersal, from the Northern to the Southern Hemisphere. and |,

5

\

if so, how have they become distributed?
In the British Isles, the distribution of Andreaea is 1inked "to. |
ecologica] factc.s already discussed. None of the species:occurs in
southeastern England where the climate is drier, eleuatiOns lower and
substrates more calcareous than suitable for Andreaea. Table VI-1
shows the~distr1bution of Andreaea species by elevation type All
eleven species occur in Scotland where the greatest diversity of
suitable habitats occurs and where the’ highest elevations and latitudes

permit alpine or snow-bed speCies to exist: A. blyttii,_ﬂ.'crassiner-

via, and A. sinuosa., Other alpine species occur outside Scotland very

rarely and only on high'mountains"in North Wales: Andreaea nivalis and
A. alpestris; or in northern England: A. frigida. More or Jess
widespread in suitable habitats throughout‘the'British Isles are: A.

rothii, A. r;pestris and A. alpina. The recently described A. megis-

| tospora appears to occur most often in hyperoceanic regions (Chapter
‘,~Iv), A. mutabilis, previously known only from the Southern Hemisphere,
" has a primarily alpine distribution in the British Isles, but it seems
lto he quite widespread and tolerant of a wide range of moisture and
elevation. None of the alpine species are recorded for Ireland nor is

the bipolar and primarily alpine A mutabilis.
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The three most-wideSpread species A. rothii, A. alpin , and A.

rugestris, are also the most common accounting for about 85 percent of

the total specimens seen, Andreaea *lpina and A. rupestri are much.

~ more common in .Scotland than elsewhere ‘but 5 rothii, . characteristi-

cally distributed at lower elevations, is more or less evenly-distrib-
-uted throughout the British Isles The remaining species are raré to

Very rare and are mostly restricted to alpine areas, espeCIally Snow-

‘beds and snow- flushes which are of limited extent 1n the British Isles

L PR

Classification
| :
The‘class Andreaeopsida consists of two orders: Andreaeobryales
and Andreaeales. 1 have discussed the characteristics of these groups

in Chapter II. The Andreaeobryales which is.. represented by just one '

."species Andreaeobryum macrOSporum Steere & B Murr., is not known

‘outside northwestérn North Amerﬂca The Andreaeales consists of one

. genus, Andreaea’ Hedw > of probably fewer than fifty Species worldwide.

Since the genus has not been recently, and never thoroughly, |

l

monographed and since complete accounts are: -of- costate taxa only

(Schukggg:Mntel 1970) or are: out of—date (Roth 1903 1904 1910-1911),

o

infrageneric and sectional'boundaries are in flux.- Based on present ”} !

_munderstanding, the infrageneric classification of Andreaea 1n the :

British Isles is given in,Table VI-2. : S
Subgenus Chasmocalz ‘has’ been defined as " consisting of species

lwith large but undifferentiated non-tubular perichaetial bracts.

e I'Further study is required but I have seen differentiated and sheathing

'[.J///;
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" perichaetia in some of the Southern Hemisphere taxa Other features . ;fﬂs

. appear to be characteristic of the group auricuiate ieaves, a’ tenden- o

N y ! ——-

“.ycy toward partiaiiy recurved ieaf margins, the occasionai occurrence of

"Jred leaf bases, smaii thin—waljed delicate ceiis, and a pseudbpodium'-
iformed from stem as we]i as: archegoniai tissue “which’ can bear tiny

-'bracteoles and aXiiiary hairs weii up on 1ts surface It is possibie

‘that A. nitida Hook. f. & Niis R presentiy segregated in its own

section (Schuitze Motel 1970), and A. fuegian (Card ) Greene, not ,;n~f:'

i

'treated as a costate Spec1es by Schu]tze-Motei (1970) may fit into \rﬁf NP

subg ChasmOcaiz . Oniy one’ of the ‘four spec1es current]y recognized

\

" in this subgenus occurs in Britain

,
'

' Subgenus Andreaea inciudes taxa in which the perichaetial bracts '

A“‘are-convoiute It is a heterogeneous g>oup that probab]y can be " ;

-

' d1v1ded into severa] sections. The most common diviSion is into two

;sections representing costate and ecostate taxa. Costate taxa sort out

quite- well 1n sect. Nerv1ae members of which have been characterized
//by the presence of a nerve. I have found that species in the section .

aiso tend to have persistent axiilary hairs, 51nuose ceil walis, and .

spores that tehd to perSist as tetradS«for a shorter period than in ‘i

other taxa and that abort 1nfrequent]y Section Nerviae is weil o
represented in the British Isies with five of the eight known species ;\*fﬁf
'v,present i 'f,;} - ‘l" " '; ] B o "'rﬁii",‘“"'

- . \
¢

It is premature to ciaSSify the ecostate taxa since more study is
h“ needed, for the present this heterogeneous group is unnaturaily com-

tifbined in. sect Andreaea. It appears to me to consist of severa]

v

,“.distinct lines. some of which may be related to costate taxa (Murray

.-‘ . PR
N 0 '.. . l - B . . "» N “ ) e '
’ < RN ‘ . . o . ot v . oot
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| 1 have taken a pragmatic approach toward ranking taxa, since the : |
inhgrent but different types of variabiiity in the group, the iack of 3

fz' experimentaJ propagation, and the geographic incompietenessxof the .

'} study iead to uncertainty Included in this regionai treatment are two 4 : [

Al

" taxa A rupestri and A lpestri , that are treated as closely
reiated speCies. They are weakiy defined m?gphoiogica]iy but distinct

) eco]ogically and in part a]so geographica Yy, and they are usua]ly \

easily recognized in the field I chose specific rank, since 1 want to

L; emphasize their distinctive ecoiogical and reproductive characteris-

tics Andreaea a]pestris often occurs on lithosols in. large sterile ‘
"

mats, whi]e A rupestri is typically seen with sporophytes forming

t smaii cushions on rock P

A% b

\..’-"’

I am, at 1east for the present, using two infraspecific leveis, o
primari1y}to keep options open since there are. severai po]ymorphic o

taxa from other regions, in which grouping w1th1n subspecies may be . ‘

usefuif In the case of Andreaea rothii ssp rothii and ssp falcata,;u
‘] the subspecific rank was chosen to emphaSize the feature that unites g

‘ the taxa spore size, rather than the suite of morphoiogical differ-

W

’ ences that are found in their leaves These same leaf characteristics

occur throughout the genus Andreaea in various forms and combinations, o

S A

and 1 am not sure of their systematic Significance. A]though ssp

;othii and ssp. j@lggtg are morphoiogicaiiy more distinct than A : J
rupestri and A alpestris, and they often grow sympatricaliy, even in ??f"
the same habitat in one part of their range (Europe) but aiiopatricai-‘*:f S
ly elsewhere (North America), I have decided against specific ranking fi}?ﬁ3x’

( o

“The. same 51t"at1°" applies t° A .EESfSthﬂora SSP. megistospora and its?iﬁ =

North American subspecies. ssp. papiiios .”ﬁRather than recognize four;g':;ﬁf
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. 'r‘ dlStlnCt species, I. have stressed the factor that ties them together‘ jvf

' (spone size) and their geographic integrity by using the rank of

i N e
| o

\ . [N
e

' “"'subspec1es (Chapter IV) ';; \ ‘f‘;fj'wﬁﬂdj‘jsfg P “‘l':fii“,

‘f 'Finally, I have used the varietal level to stress the common

)

- expressions of apparently clinal variation 1n the'polymorphic species
.x“A rugestri I have not formally recognized most of the variants of
o fA rupestri " However var papillos although intergrading through- v

y‘j‘ﬁ”out its range w1th var rupestris, 1s, 1n the Arctic very distinct and o

4
|\\.

:Cmerits formal segregation from the rest of the Species (Chapter V)

I‘iof maJor trends at the 1nfrageneric level may be useful né?e._

! . . y o i , ' .
. ey : . .
ot , v, . . o [ . " 1,.
) ' . . . ' ' . ) [ ' . Y ‘' C
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RN - A : : pPhylogeny'i

Since thlS is a regional treatment whrch does not include all

‘ Ve
. taxa w1th1n the 1ncluded subgenera, and since I have not completed

monographic study, the phylogenetic relationships of the taxa of the

‘Brit1sh Isles have not been assessed in detail. The arrangement'of the

:'taxa reflects my working hypothesis as to relationships and a: synopsis ;

1 have discussed 1n Chapter II the phylogenetic relationships of

u

/7vlthe Andreaeop51da and the 1ncluded orders ‘ﬂndreaeobryales and

S Andreaeales.g The Andreaeobryales is the 51ster group to ‘the -

3‘2» in mind that its features are necessarily (but‘dangerously) heavily

"l(the only genus in the Andreaeales) Since the Andreaeobryales con-

a sists of only one species, Andreaeobryum‘macrosporum, it must be kept‘”

weighted in trying to assess trends within the genus Andreaea.-,ﬂxﬁ_?f_w;,l

‘M'Andreaeales and therefore the outgroup to infrageneric taxa of Andreaea

v
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comparjson with features in" Andreaeobnyum (see Chapter II). it seems, ,7f"bf =

likely that a costa, ndifferentiated perfchaet1a1 bracts, and dio1cous

e ‘,w ) S

seXUa11ty (as found members of subg Chasmocalx ) are p]e51omorph1c ;ﬂ_~f”

features and,that withjn subg Andreaea ecostate taxa demonstrate a“wﬂ{

", o . \ ) Lo
N ,\,r..\‘l\ ) "' ek oot

derived conditfon Occurrence in wet habitats and medium-s1zed Spores A

; are universa1 1n subg Chasmocalzx, so species w1th 1arge spores in o

drier hapitats (A rothii and A meglstosp%ra) show der1ved states of 5“‘ﬁ

AR

these characters The dioicous smal] spored A b]ztt1 1s probWemat1c

B
i 1“

'1nwp1acement Since spore abortion 1s frequent 1n Andreaeobnyum and

! T
N ' \ . )

most Andreaeae, except members of sect Nerviae “this: may - be the '
T ST M oL

p]esiomorphic condition ‘w’-f::n\ o -5’v*3?r“*‘.Wﬁ”,ghuu,J*j. v

. D i N e
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Andreaea;Hedw,3'§pprusc,ﬁFrond.i47 1801.-‘Type'j‘§ rugestri Hedw.,ﬁﬂx o
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P]ants small to large and robust, caesp1tose, perenn1a1 darkly
pigmented, green only when young on shaded l1p1d f111ed Globose IE]:;fft

multice]lular protonemata formed w1th1n stretched-spore wal] from U;,:gﬂ S

.(‘,< e

3 whidh branched rhizomatic, cylindric protonemata and’ f1lamentous ~‘f; p{t‘yﬂf-

CoN

rhizoids are produced Smal} leaf like protonemal appendages observed

'*1n several species.‘ Rhizoidsbasalkon stems and somet1mes branches,

usually both uni- and bi-seriate. Stems from 0 5 to 10 or more cm

\ ' .
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\.h absent Axi]lary hairs present with 1- 3( 4) quadrate brown basal

q’cells and 1( 2—more in infiorescences) cyiindrical or clavate, ephemer- df
( .. " .
ai or perSistent, hya]ine or broWn when persistent mucilaginoos celds

‘f.*f Primary ieaves (irregu]ar]y shaped 1eaves or filaments occurring aid ?‘v‘
‘l| ' ,»., \' ' /; o
ﬁﬁ, primariiy at bases\of stems and branches, resembling protonemal append-

'’ o r.

\ ages of Andreaea and the pseudoparaphyllia of pleurocarpous mosses) "“'U
‘J,i present Juvenile 1eaves (minute, imbricate,‘scaie-like 1eaves) occur

v frequently along iower portions of stems and branches ;concave, usuai]y
f ecostate even in costate species Mature ieaves spirally arranged "fﬁ]

vy s' b,

usualiy evenly and ; denseix positioned larger and denser on upper Aafj

\
cb . ! ““ SR
\‘[n\, portions of stems variab]e in orientation and*shape..in ecostate e

ir 1" N A

species lanceolate or panduriform, symmetric or asymmetric usua]iy

",\\'

clasping be]ow spreading above and s,constricted ifke a waist., },gj-V

A

Ki
A f \ ‘ ,1“-‘.v‘.
. . v ; '\

,:‘.near midrieaf-'in costate species usua]ly contracted from sheathing

\

base to the limb apices often fa]cate secund bases usual]y somewhat

narrowed to a straight insertion, margins usuai)y p]ane to somewhat

. \ A
e

th'j incurved rare]y ref]exed ‘ Costa present or absent variable.‘ single '7*"

. or rareiy branched distinctiy or indistinctly delineated short to ~1f{\ﬁ3
,‘V‘ excurrent broad or, narrow, strong throughout or. more-rare]y lacking \#

AR

apica]]y or basaily, ‘in. transverse section of uniform,gthick-walled

fceils Laminal ce]]s variabie in ecostate Species usuai]y short

3]yeiiow, laminal celis usualiy unistratose in ecostate species. usuaily
bi- to tri-stratose iocaliy in costate species, transverse wails very

thin, longitudinai waTls often thick and pitted sometimes thin, walls

smong or sinuose, dorsatly papiliose'or epapillose. Usuaily

N . - 40 R R ) : . '_.-"' ' .

PPN . | X , . .
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cladautoicous, often diffﬁcult to demonstrate due to britt]e stems,

v \

: 'rare;y d101cous or gontoautoacous Perigonia term1nal or lateral ) Lbﬂ
gemmate,'sessife;”fnner bracts ecostate often w1th crenate margins, '
antheridtaAooually 4- 10 elljptic,,on biseriate stalks~'paraphyses

f nnumeronslor fewr;bber}chaetialtermina], bracts large often diffe, "‘i‘- o

o \ Sl

Vo

:\ AP

ated, convo]ute and sheath1ng, 1nnermost usually ecostate‘in qostate k

!

Species, archegon1a terminal or laterai, uSua11y a 6 paraphyses jh_\ C

1

‘1ack{ngvpr‘ﬁew.mnPseudopodJum usua]]y s?ender,,pale brown to b]ack

twisted to the ]eft in‘surface v1ew. Sporophytes term1na1 i.~';“

",,w

slightl
Seta‘absémt SporOphyte conslsts of\capsule and bu]bqus to shortly

e, , N .
. -

'“'tapering foot.5 Capsule usually exserted at matur1ty, erect when wet

. '\ i
\‘./\, ,,‘,., ,

' el]iptic and valves c1qsed when dry contracted 1n length and'valwes

bulging, about O 5 2 O‘mm ]ong, dehiscence by 4( rarely 6 IQ) 1ongitu- "4*‘
dinal darkly pigmented vaTves that reach neither base nor apex of N _;ﬂuty
ﬂ capsu]e margins of valves reflexed when.dry, piane to 1nro]1ed when |

wet 'paler base from (1/8 )1/4 1/2(-over 3/4) the Iength of the\cap-

|;'.

5fthecial cells rectangular to long-rectangu]ar, satures consist1ng of

Jat rv,» ' -
|

vt " ‘ "

‘econdarxly;th1ckened and darhly '




*"paplilose to ret1cu1ate papillose, rare]y almost smooth often 1n

e ‘tetrads unt11 maturity Spores mature from spring to fa]l Ca]yptra .

i ”g&;ﬁﬁ?<Most spores smaller than 35 pm. A]pine (mostly abOVe 900 my ...,_\;ijf.

g 3.fnSpores 1arger than 20 pm. Basa1 1am1nal ce]ls mostly quadrate, ff

il
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uapical, veny sma]l, consisting chiefly of unmodifled archegonial neck, s

campanu]ate m1trate persistent or not o e ”~.

. i ! ! Y
' ! ¢ \ . v . . . N,
. f

' ' o
L0 .

1.7 Leayes costate .............. Neennaans SONUINSECRU e 20
1." Leaves‘ecostate‘ .i.,; ...... _..;....L;t....:.;;.;,:LLJ..Q;,Q...Q:\SV‘
2. Leaf marg1ns crenate to serrate throughout w1th sharp laminal and

: costa] pap1]]ae Perichaet1a1 bracts shaped 11ke vegetative

| leaves ....;t;...;..t...,fg..,.;;..;&..fiQ;..m;.;... 1 A. nivalis

‘QLHVLeaf marg1ns entire or very rarely dentate abovem?1am1na1 paﬁhllae 3
*» ~
r‘absent, ]ow costa] papil]ae often present Perichaet1a1 bracts .

. ‘different1ated convolute ceierennaas Nieeaeans “s;;.;;;,.iﬂu..;"3l.

"’3.; Spores (10 )11 -19(- 23) pm Basal laminal ce]]s most1y rectangu-l‘ ’i‘\'f

Py

,lar, walls 11tt1e pitted, rarely c1ear]y sinuose., Dioicous

-;.;..s..Ls..Ll.;,;.;.,s.;;;ﬂ,..L,;,....::;....;.;.;. 2. A b]zttf R

¥

L e
R

"round, or oblate, some;dmes«rectangu]ar near costa or margins,,‘,n- ‘ly'w

‘;&:walls often strong]y pltted and sinuose. Auto1cous .ﬂ.......:..'4¥fsf¢~

A3 (S

’

B :ﬁgg Most spores larger than 35 pm Predominately in lowlands, rare}y

-',abOVe 900 m o.;-.oo(.oo-o-o'-;o-ooo'ooootyooovuooooooo-“”‘\‘o‘oo,_o"l\b’\_a’»nv"6‘-‘.‘. l"‘

n.r.




'4“r5. Lam1na 1ndJst1nct in upper part of leaf costa often f1111ng PR

subula nqt bulging dorsally. L1mb t,abrupt1y formed ......,,{:3{

: Ve ) ’
' A . - . | ! - T

' lasesinns b.;,.;.;;....NB A crass1nerv1a Coa

‘---f-.-ooq..o-...qo-, ............ -

' + g . ! .
It N " ' v -y

." 5 Lamina distinct|1n uppen part of leaf costa occaSIOnally a - “‘.r

N o i
oy .

fillfng upper part of subu1a, costa biconvex.on bulg1ng Leaves A

v
oy

lanceolate or'limb gradua]ly formed‘.......,il.fa.L: 4, A fr1gida

.q.-‘\l-;.-o---n-\noo-n-..-alooa

. ~.‘, \ \ “r : X ) ' ‘
e ; 6. A megjstospora ssp. megjstospora

" vy

-

'«7. Inner perichaet1a] 1eaves epap111ose or wlth very 1ow, sparse “
papil]ae., Lamina USual]y d1st1nct to near apex costa somét1mes
fil]fng uppermost part of ]eaf Leaves usua]ly weakly . fa]cate,ﬂ

rarely brittle, margins ent1re or with" strong1y bulglng marginal o

[ . \‘
[ :

o ce]ls ......;.................;,}..;.ﬁ. Sa. A roth11 ssp roth11 ‘]1' v

'7 Inner perichaetial leaves papillose above pap1]lae h1gh and ‘p,‘?‘..: r P

"

dense, Costa usua]ly f11]1ng upper leaf or rare]y 1am1na d1St1nct

to near apex.v Leavea usua]?y strongly fa]cate and br1tt1e¢q t' “{ff‘

" v margins entire or rare]y‘distantly dentate above,....ﬁ...;:....;..f“

)

‘ll-‘.‘......:.“.l.illl..b.;....‘.;.‘I‘..;\"‘.:..I.;" A roth11 Ssp.'fa]cata
e 1 ﬁ\ i

or TR

l.it Basa} ]eaf margins dentTCU]ate ;........a..--q......;ﬂ cﬁA 3121n

. Spores about 13- 22 pm .....L....Ql;;;}l;..ffl;.:..f:ﬁl.f::ti;{; 10 5f

P

8
.fga. Basal Ieaf marg1ns entire or,weakly crenate‘..
,Vé

9

'le. Spores (16 )24~32(drarely larger than 40?’pm or spores ndt seen ..jﬁﬂﬁlffgil

'

A -
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g | Basa] marg1na1 cel]s all quadrate Cell wa]ls 1itt1e pitted { |
. neVEr s1nuose }..}.g.,:.,pl.;.f.;;e..}ff...7{;; | A mutab11is‘
Vﬁ,eiii. Basal marg1na1 cells a]] quadrate’;..;.ﬂ,;rsdd;lil§:‘ A mutabtlis
o p , , —_—————

:fﬂlliﬁ Basa1¢marg1na1 cells most]y rectanguIar occas1ona]1y some quad-
rate ,.........‘..,.,“‘.u......,._,,.q..':,s.,.",.'.‘..',."."..";‘,.‘...‘.'....-.. 12

12, Leaves"narrodly 1aheeolate Ce1] wa]]s strong]y pitted and

L “'v

s1nuose m..;..ﬁ;:;L,..;,..;o, ..... ;,:;..e,..L.s.J;J,E; A sinuosa

i

Tff@ 12 K Leaves 1anceo1ate or pandurlform Cel] wa11s strong]y or weakly

3

pltted not s1nuose .,....,‘4....,,.......2;;;.....;s,...,;..,. 13

) . . ) . a

_f_‘g¢33. Leaves usua]ly Curved to secund, with obl1que apices Papt]]ae

)'“' usua1]y prom1nent and wh1tvsh at Teast dorsg11y on upper leaves
,, Uppersce]] lumens often stel]ate rounded or ova] ‘wa1ls usua]]y

1ncrassate p1tted and collenchvmatous.ﬁ Plants green bronze,

”ﬁrf b]ack or reddlsh ,,;fﬂ.:.ils......u,..;,...,u:;.lslt.;.;.;jl@l‘ -
13 j Leaves usually stra1ght ap1ces occas1ona11y ob11que Papi]lae 2
j usual]y 1ow or absent, very rare]y prom1nent or whit1sh Upper ' @V‘
. cell lumens rounded or ste]late’ wa11s 1ncrassate, p1tted and W
* o11enchymato s or not »Plants¢character1st1ca11y browp,'black, v
. 'or redd1sh black ..;f.;&;‘;dr.;t.t.....:::d:;...t%;t;.t?;s;,.}f 15 .
“;2T14 ﬁLeaves 1anceo1ate or occas1ona]]y pandur1form gradually narrowed
o to short or long, obtuse or acute apices ;L.;.::...;;....‘:...T;L.,
| ff‘i@}-L~-:LL-lf--~-;1--:3f--:;:-?;o- 10a, A ggpestris var r;pestris fai"
;i¢14;‘ Leaves abruptly narrowed from ovate or pandurifbrm bases to long Qy,.'jﬂ

“\.
o LY

acute ap1ces .....,........;;Q,. 10b A _ggpestrfs var. papillosa *

A ' i

"},j 15 Leaves i lanceolate, broadest beIOW*mid Ieaf not apiculate.gj"

0 &

"

Papf1lae 1nconsp1cuous.’ Basal cells short rectangular, lumina ‘Qﬂf:

br°id and bUJgfﬂga walls little pitted Uppér Iamina unistratose ”h;-L;s



[
i

15. Leaves pandurjform, broadest above mid-leaf, 1 apieulate; Papil-

.Q%

1.
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or some leaves with bistratose”patches;fcell Tumens rosnded, walls
not very collenchymatous or incrassate. Plants blackﬁpr brown,’

occasfonally reddish black ....... e aeaianeann 11.. A. alpestris

lae rarely conspfcuous. Basal cells rectangular‘to long~rectanguL‘
I]ar; lumina rarely bulging, walls pitted. - Upper lamina unistrat-
R4 ose; cell  lumens stellate,‘walls 60]lenchymatous'and incrassate.
P]ante usuallgyreddish or purp]e—black occasionally black. - When
'Asubmerged in running water green1sh and with large, distant
often sectnd ]eaves {= A. hartmannii) s ‘.:z [A obovata]

— {

Andreaea nivalis Hook. (Fig. VI-1)

_Trans. Linn. Soc. Loridon 10: 395, P1. 31, fig. 4. 1811. - Type:

Scotland: Ben Nevis, 1808, Hooker & Borrer (holotype: BM;Hooker!{

isotypes: BM!).

A.

(

n1valis Hook. var. fusceScens Hook., Trans. Linn. Soc. London

. ] A . PN,
. 395..1821. Type: Scotland: Ben Nevis, 1808, Hooker & Borrer (8M- B

. Hooker!, BM!).

te (Y
P]ants med1um-sized to very: large and robust, brown1sh green to

/
red brown. Protonemal appendages not seen, Stems (1-)4-6(-10) .cm

(29

high a& transverse sect1on often ridged, with several rq&s of very

o]

small outer ce]ls. Axi]]ary hairs with very ihconspicuous sma]]

hya]ine. ephemeral mucilaginous cells. Juvenile leaves QSnt1culate.

Mature: leaves when wet spreadvng or secund when dry erect to falcate-

secund distant on lower stems, 3 B8 2 mm long. lanceolate, gradua]ly




harrowed from an oblong base to an acute apex; leaf insertion rouoded,
.somewhat decurrent to auriculate; margins irregularly deoticulate or

: . -
crenate from papillose ce]lé, sometimeS\partié11y strong]y incurved or
recurved. Costa present, single (occasional "Siamese twin" leaves wit
two costae or braJihed costae and lobed ;pices seeo), subpercurrent or

filling leafﬁapices, distinctly delineated, reddish, strongly papillos

223

N

e

‘dorsally, strongly bu]ging‘dorsally,'flat veﬁfral]y, usually 4-layered,

about 1/5 to 1/4 the widtﬁ of leaf bases, basal cells not sinuose.
Lamina d15t1nct in limb, unistratose, or with b1stratose patches,
areo]atlon distinct, many cells pap1llose dorsally and ventrally
'Lew1na1 cel]s t uniform, quadrate to rounded, 8-11 um, occasionally
short rectangular and often narrower in ]eaf bases, thin-walled, not
pltted not collenchymatous. Dioicous. Perigonia large and broadly

gemmate, paraphyses numerous. ;Perichaetial bracts similar to mature

)
m

leaves, but larger, not sheathing or convolute. Capsules occaﬁional. 2

that extend to near bases and apices of ‘capsules, medium-sized to
large; 1-1.3 mm long. Spere abortion occasional; spores medium-sized,

shrivelled spores 18-22 ym, turgid spores 24-33(-40) pm.

Ecologx On wet ac1d1c rocks (granlte, andes1te) at edges of
streams and flushes that are usually fed by snow- beds, a]so often

forming large mats_on seeping outcrops and ledges that are flat to

~

- globose when dry and dehisced, usually with 4 large and 2 small valves |

\

gent}y sloping. Usua]ly on mountain summvts from about 880 1300 m (one

p co]lection from 702 m). Very rarely associated with other Agdreaeae'
A. fr1gida A. rupestris and A. mutabilis.
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Distribut16n.h Rare'but'locally'abundant judging by the .numerous: -
. collections seen from the Ben Mathui area (v -C. 94) the Ca1rngorms
(v.-c. 96), and especially the type localfty, Ben Nevis (v,~c. 97). I
have seen mater1al from all eight: vice countles recorded for A n1va11s
by Corley & HiN (1981) as well as from M1d Perthshlre and, new to
Wales, from Caernarvonshire. |

Generally found in alpine regions in nceanie/parts‘of the Norfhern’
Hemisphere: Europe, Novaya Zemlya; the Ceucasus, Asfaffc U.SAS.R,,

Kamchatka, Japan, northwestern and northeastern- orth\Ameriqa, and

— ¥

Greenland. - t

Specimens studied (Ca. 200). WALES: Caernarvonshire, v.~c. 49: ')

Near Llanberis, no date, ggfgi_i,g. (BM-Hunt).. SCOTLAND: Mid Perth- /

shire, v.-c. 88: Ben Lawers, Sep, 1830, 521X2£.5:24 (DBN); Ptarmigan ’
H111 [?Meall nan Tarméchah] 1830 s. EOI (E). Angus, v.-c. 90 (1, ¢

. BM), South Aberdeenshire, v -c. 92 (4; BM, E); Banffsh1re v.-c. 94 <

(égm,ALA ALTA BM, DBN, E, NMW) ; Fasterness, v.-c. 96 (28 ALA BM \

DBN, DUKE, E NMW, herb. Perry), Westerness, v.-c. 97 (121‘ ALA, ALTA,

‘BBSUK BM DBN DUKE E, MO NMN UBC), Main Argyll, v.-c. 98 (7 BM

E, NMA); st Ross. e 105 (1, BBSUK); East Ross, v !-c. 106 (1,

" BBSUK).-

Differentiation and Relationships. Eas11y recognized (when

sterile) hy its strong]y falcate. dense upper leaves, and the rust-
_brown, strong. g9§~p distinctTy de]ineated from the greenish lamina.,

The only Andreaea species with which A. nivalis might be confused 1n

:Aff" the fie]d is A fri ida. another mounta1n plant pf wet sites w1th

s
E
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M]anceolate leaves, a strong costa distinct lamina. and sometimes W“lth;R o

a 51m1lar oolor A close look reveals the diagnostic features of A
L]

‘ nivalis its sharply denticulate and papillose leaves and, when

'vHemisphere subgenus Chasmocaly in the British Isles, so it ‘has no a

fruiting, the perichaetial bracts that are similar in shape to vegeta— .
tivé leaves and are nbt convolute. - l‘ ; : N

Andreaea\nivalis 1s the only member’ of the small largely Southern

TN

- close relatives there L : .

“ZT Andreaea blyttii Schimp. (Fig VI 2) By

In Bruch Schlmper & Glmbel, Bryol Eur 6: 155, pl 13(635). 1855..-'

\

Type: Norway "Rende finmarkiae" 1844, Blytt (BM-ex~K!,’CANﬁl).

A . .
)

Plants'small)(in the British Isles) tO’medium;sized » brown to . -
A
black, bases. often brown and apices black Protonemal appendages seen.

" Stems 0.5-2. 5 cm high Ax1llary hairs Wlth brown per51stent mucilag-‘ ’

inous cellsl Juvenilé leaves apiculate + entire Mature leaves when -
L .

wet erect spreading to\secund or spreading, when dry erect to secund

’ erttle, l-2 mm long,' &Sula % abruptly formed from a narrow oblong or

ovate base, subula 3- 4 t

mes longer than the base narrow. often only 2 i

", cells wide apicallyx unev 0 1n outline, somewhat fragile Costa'p~“ h‘

’ present, single, + filling subula, weaken or occasionally absent V' e

’A,basally, indistinctly J=lineated with occasional dorsal papillae. not

'bulging dorsally, + terete,

of up to 4 (rarely more) layers apically,‘

bistratose or rarely lacking b"sally, about 1/6 to 1/3 the width of

leaf. base, basal cell walls rar ly sinuose.v Lamina indistinct in limb,ﬁf,'~

_unistratose or bistratose especi'lly near costa. basally mostly
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, unistratose Upper laminal cells round or, quadrate (9- )10 12 pm,»_

thin-walled '+ smooth to bulgihg, papillae rare and low.’ - Basal Taminal - -
L cells rectangular to short~rectangu]ar, in longitudinal rows, walls
incrassate, little. pitted very rarely*inconspicuously finely sinuose,

' often with Joint thickenings especially conspicuous in transverse
. section Basal marginal cells mpstly short rectangular occaSionally a,
l

few quadrate, never oblate Dioicous Perigonia small, narrowly

\

; gemmate, paraphySes occasional to nuherous Perichaetial bracts o

differentiated sheathing and convolute inner bracts ecostate papil—

it

lae absent or low and scattered Capsules occaSIOnal, small, about 0. 5

!
.

. mm long Spore abortion infrequent*‘spores small (11 )13 19( 23) um,, |

. almost smooth. green black to brown 1‘“ BT B *4:_gu !

SN \ " .
cologx A speCies ‘of extreme snow»beds, forming exten51ve sheets

1}

“on acidic rock slabs or boulders in scree by late snow patches ca

5,990 LIOO m, Sometimes a55001ated with the widespread A. rugestri and

L;another snow-bed species A sinuosa. , -” |
T—d—— .

ST Andreaea blyttii is frequently overgrown by lichens that are

' restricted to late snow patches Lecanora ]Aptacina Sommerf Lecidea
(det B J Coppins 1985 reported by Gilbert & Fox. (1985) as |

Caloplaca nivalis [Kbrb ] Th. Fr ), and Lecidea cae51oatra Schaer

said to occur mainly in snow-beds but occasionally found elsewhere ‘

(Gilbert & Fox T985) R

o‘)‘

Andreaea‘blyttii has been described as an extreme acidophile in

Svalbard (Elvebakk 1984), and it appears to’ be one in Scotland also
1he extreme snow-bed soils%gn the Cairn 'rms. where A. blztti is
fbund, have a pH in the range of 4 2-4‘4 (Gilbert & Fox 1985)




' Oregon, the Yukon Quebec and the island of Newfoundland REE “tl

I v
o v

| Distribution Andreaea blyttii is very rare, since in Britain

| there ?s\!ezz little high ground where during most years, snow beds

can persist throughout the summer Only a few Scottish collections
(made s1nce 1983) document the presence of A. blztti in the British

Isles

" Elsewhere,’ sporadically distributed chiefly in alpine sites, in

‘the Low Arctic (Europe U S, S R., North America and Greenland) and in

Iceland Europe (Fennoscandia, Poland). and northern North America To!:

the states and prov1nces listed by Schultze-Motel (1970) can be added

' Heslop\Harrison & Cooke (1942) repo@ted A blztti (and A
hgrtmannn ) as new to the British Isles, from the Outer Hebrides

These Species were omitted by Richards & wallace (1950) from their

R checklist of British mosses “pending confirmation'" and Smith (1978)

‘ and Corley & Hill (1981) do not include them in the moss flora of the 3

l

i

British Isles, since Smith. said ‘that the records were not substantiat-

" ed. Some vascular plant records of - Heslop Harrison have been thought |

to be alien 1ntroductions (Raven 1949) , and according to.D. G Long (in 1

" litt. 1984) that is the/reason the. reports of A. blztti and A
hartmannii (= A ob vata) are conSidered doubtful

‘ In July 1985» I was (I thought) finishing my study of Andreaea in
the British Isles. During a brief trip to Britain, 1 spent a little
time studying lichens growing on. Andreaeae with B J Coppins at the

7-l Royal Botanic Garden, Edinburgh 1 was very surprised to see material

of A. blxtti (collected incidently by 0. L. Gilbert during a study of
lichen vegetation in snow-beds on Cairn Gorm) in the Lichen Herbarium

at E. since 1 had seen ‘none in bryophyte herbaria except the doubtful

y ‘-l_-\,..

o



material just mentioned Brian Coppins kindly searched through other RS

—collections of snow bed lichens fon Andreaea‘material, and B was soon vitrt
even more surprised (and delighted) to see in seueral of his collec- "
tions from Beinn Dearg, material of a new spectes (A sinuosa) that I
,.was in ‘the process of describing from Alaska and Britlsh Columbia
Since snow- beds in Britain have been little studied by bryologists,
‘David Long: and I changed our plans for upcoming field work ingtzggg of-
a snow-bed site Within a few minutes of reaching S Top on Beinn "~s‘”, .
-a Bhuird we found both A blztti (in abundance) and A SinuOSa (a few{ll
‘“stems) on boulders in scree immediately adJacent to.a snow-patch
'Another spec1es rarely collected 1n Britain A, algestri was abundant
ion lithosols just below the Snow- patch

’ In 1986 Dav1d Long re v151ted Beinn Dearg, while leading the BBS - ' . :‘
' summer field meeting, and found A blzttii, in abundance, as well as A
':sinuosa and A lpestri It is likely that serious study of snow-beds o f~
"by bryologists will be as rewarding as 1t has proved to be fox lichen- l

\i

b'ologists (Gilbert & Fox 1985) L

Specimens studied (7) SCOTLAND South Aberdeenshire,: -co 92, .

,iS Top, Beinn a Bhuird grfd reference 37/095977 13 Jul 1985 _urggx & .
:.ngg S. n. (Akﬂ E replicates to be distributed in an exSiccata of :
'}Andreaea in preparation) Long & Murray 12791 (E) Easterness, Y"C',p‘f
*'96,—Margaret s Coffin, Cairngorm, 38/011047 Aug 1983 Gilbert_;_g |
li(E) Hest Ross. v.-c. 105 Beinn Dearg, N slope, 28/259815, _ggg 13790

'"(E) East Ross, v.-c.,106 Befnn Dearg, NE slope. 28/261814 Long
Larse 13798 (ALA E) e e




.fﬂ“,1ssue from. snow-beds or on seeping 1edges
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Specimens‘seen ggported_gx Heslop Harrison & Cooke (1942)
§ "SCOTLAND Outer(yéb;;des, v. -c 110 Harris Sron an Toister, Jul»
4 '~i1941 J f W. Hes]op Harrison (BM E NMw herb Wallace) Toddun Aug

~1941 C]ark (E) S T -
. o R Lo BNOT o

; leferent1at1on and Relat)onships The only,other costate

X \<'

‘Andreaea spec1esgthat occurs 1n snow beds 1s the very distinctjv@ A' hqm '
‘n1va11s _In color and size a]one, the two are distinct A b?zttii
,({Sma]] and b]ack A nlvalls quite large and green brown to red—brown. L:f

\In Scot1and the two spec1es evidently grow in somewhat different

7 habztats,v31nce they have not been found associated\ Andreaea*b?ytt1i ?

i'occurs 1n extreme snow bed cond1tions on rocks that are under snow

.-ear]y in the season and,exposed and d’ ‘ uring the short growfng

wlptseason.. Andreaea n1valis is found in. we. f]ushes and streams that ‘7ﬂ“i“ .

v e e

w', AL
AR

. v
N ,v . '

Andreaea blytti1 d1ffers most obvlously from other members of ;'!'.'

‘sect Nerv1ae by 1ts very narrow subu]a often on]y two ce1ls wide

, thabove In addit1on, it 1s d1oicous, the basal cel]s are mostly rectan-

"i'nerv1a wh1ch has however, short marg1nal basa] cells and 1arger

3.

5‘%gu1ar, the costa is often weak to absent basally% and the Spores are

o

snm]l (13 19 um) Some plants can look superficially like A crassi- L o

"uspores: See Tab]e VI 3 for a comparfSon of diagnostic features of'*f'
fmembers of sect NerViae in the Bribﬁsh Isles.?ij\\ifﬁeyﬁza; L:'

s Y e

The only other species in the section w1th rectangular marginal

L”‘,7basa1 ceTls and a weak costa has not been recorded 1n the British

-

"AiIs1es.‘ Andréaea heinemannii Hampe & C Mﬂll ( A ngustat Lindb ex

’754L1mpr.) is known from continental Europe, and there 1s no reason it 'fo




B w e o ‘\'; IR } u'a,,jzso%“ 1;
- should not’ be found in the British Isles,‘ It differs from A bizttii R
“by its autoicous condition. iarger spores (25 32 pm), and ieaves pften >

v

" with strongly sinUose basai ceil wa]]s AR n-'“ ‘““'tﬁ', S

¥ [
! I

Andreaea biyttii stands apart from other members of sect. NerViae

\

sby its dioicous condition sma]i, almost smooth spores, and oniy siight o \Q

tendency toward sinuoSe basal cei] waiis

vy
8, vll

3 & Andreaea crassinervia Bruch (Fig. VI 3) Lo o

Abh Math -Phys Classe Koen. Bayer. Akad Wiss 1: 2794 10. 1832. ’
? A. rothif Web & Mohr ssp crassinervia (BrUCh) Dix. . Stud. Handb |

Brit. Mosses 27 1896 Type. Switzerland Grimsel Maerker (BM Bruch '_ ,

n }
i .

in Herbu Schimper!) o : ri‘)‘ a;n, “" Voo : "‘ ‘;.
| Plants smaii to medium-sized brown to black PrOtopemai append-
ages not seen. Stems 0.5-2. 5 ‘o high Axiilary hairs with'brown,
» persistent muciiaginous ceiis. Juvenile 1eaves apiculate, sometimes
sparseiy toothed from projecting celis Mature leaVes when wet erect-ﬁ
;]spreading to secund when dry erect to faicate secund 1 2 mm long, £
.abruptiy tapering from an ovate base to an acute subu]a that is 2 to, 4V'
‘times as 1ong as the leaf base.‘ Costa present, Single, excurrent and‘m'
: filling almost entire subula. strong, indistinctly delineated often 'ﬂr{;iffu*f
f papillbse, costa not bulging dorsally, of up to 6( 7) layers apicaily.fﬂf: iii ff
weaker basaiiy, usualiy over 1/3 to 1/2 the Width of leaf base, basai fiwﬁk°!ulz{

N R
costal and subcostai cells wa]ls often sinuose., Lamina indistinct andg S

'T',

usualiy present only in lower 1/3 of limb uni to tri-stratose 1oca1-l g*fa\f:a&

"'basally mostly unistratose., Upper leaf ce]ls rouhd oval or

'bf*thin-walied, smooth to bulging Basal laminal celis ::'ﬁfqufﬁ



o "fous,~ Per1chaet1al bracts differentiated convolute and»sheathlng1 - h~
N 1nner bracts ecostate papillose or epapillose, papillae usually s |

' ‘scattered low and rounded rarely dense or sharp and oblique Cap- o

\

)

.
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o crass1nerv1a from the Br1tish Isles

'w‘ m151dent1f1ed L have exam1ned materlal of all the Speclmens clted by

! .

o o : e ’ e i .
' B o o -" " . ! ,«
"
.l‘

s1m1lar to upper, rectangular only near costa. Cladautolcous and

V.

gon1oaut01cous.p Perlgonia small, narrowly gemmate paraphyses numer-

sules common medlum-51zed about 1 mm long Spore abortion infre-"n“"‘K.“”

\

quent spores med1um—s1zed (20 )26 36( 40 50) um

" : R , 1
' "“' ot ! p/ 7 "
N . \ . R o .
- . o . ' por . . !
YA £ ' Y ' : . ' ) ) ‘@
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"

‘Ecologz‘ Unknown in. Br1ta1n. Usually alplne 1n the Alps lndica- "

t1ve of cont1nuously tr1ckl1ng water (Gelssler 1982) ,In eastern North ',
' : : o

Amer1ca, 1t occurs also at low elevations * J o Ly
\ L : ! . C -

[N St e , ,

W Dfstributiont Very rare. : I have seen ohly ane: collect1on of A o

. . .
. n - *
\ ‘ ' ! v -

L . ,‘..\

’ 1 ' l r A}

‘ Pr1mar1ly an alplne spec1es, known from Europe and northeastern l-@*ﬁpw§,

North Amer1ca as far Mest as the Great Lakes region _lTo the reg1ons igﬁu>nf
c1ted by Schultze-Motel (1970) can be add Germany, Quebec Ontario, and

M1ch1géh I have not been able to Verify the occurrence\of A crassi»
l'ﬁ ‘.‘ ‘j ‘Ii.:' - , ‘.‘ .',

nerv1a 1n arct1c Canada Or Greenland (Chapter V) '}q“

.,_
v

Material prevwously c1ted as A crassin__yia from Britain was

Llndberg (1870), all but one of those cited by~Braithwaite (1880 1887), :
including the one fllustrated (Hebden Bridge Hunt), and the three~. nw-**"v
5‘1ted by Schultze-Motel (1970) I have determined them to be A rothll

Ssp. falcata.; I have not seen the collection from Falcon Cllnts,‘

Teesdale, 1853 Slater, C1ted by Braithwaite, but have seen many




crassinervia Andreaea crassinenvia was reported from 32 v1ce countwes

by Smith (19787 and from 20 vice count1es by Corley & H)]] (1981) but 'ff;

I have seen no materia] of the spec1es from any of them ‘“fl'yi,fzﬁ,fn“ﬁf'fn'f
The sfngle co]]ection seen (apparent1y¢not previous]y reported)

. i
RN . P
.

“ I \

was 1n NY and had a piece of paper g]ued to‘ be paoket, as a ]abel 7‘gﬂgij

'1 with handwritihg in penci? 4f"m0re than half of a]l I have no‘fr Andrea
- crassinervia DhulOCh Aberdeenshire Rev. ?J[illeg1b1e]xF 1870[111eg1~ 0

o K 'i " v

b]e] " Other 1&bels (1n the same hand) of gather1ngs of other spec1es

that 1s the year of'collect1on.,\The Rev.ldohn Fergusson (1834 1907)

was a Scots minister who studted mosses, have seen onTy three

specimens of Fergusson material of Andreaea in Br1t1sh herbaraa. Many ;zﬂj*;ﬁ“

v of Fergusson s tol]ections were destroyed by ftre (Dunéan 1966) ~so at ,4T'h

™

(WD . 4 ; BN
5 ¢ Ca ,,-.m vy

is of 1nterest to know that there are dup}1cates 1n NY and H.v

\\.““ ;

Since A. crasSqnervia 15 vduched for in. Br1ta1n only by'o .‘VEﬁflﬂjlei3"*“

b
AN
-~ .l’

scanty, evfdently divided,\poorly 1abe1]ed spec1me' |
<‘,'§ k C ,
sought again 1n the Dhu‘Loch\area. David Long,}ocaJIZednth
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'fh{] almost the entire subula. The cpsta 1s not distinctly delimited from
' the }amina in the Iower subula, and 1t is not dorsally convex, 1nstead

a "fthe ]amina and costa form a continuous arc 1n transverse section (F1g
S
VI 39) Compare with the dorsa]iy bu]g1ng costa of A roth11 (Fig

Ly

. ufvr-6e) Andreaea crassinervia 1s further distinguished from other g ‘,‘5

(v

‘Nf~ spec1es 1n wh1ch the costa fwlls a 1arge part of the subula,,by 1ts

spores‘ wh1ch ﬁre 1arger than those of A. blztt1 and smaller than

L~

those of A. roth11 ssp fa]cata.u See Table VI- 3

;»’w S "Th“,‘: ,
Andreaea crassinervia has often been 1nc1uded in A roth11 L

however 1t stands apart on account of 1ts smal]er spores and very w1de
'\ ‘ costa. By 1ts med1um-s1zed spores and alpine d1str1bution 1n wet .

habltats ‘é crassinervda seems more . closely re]ated to A. frigid than

b

oy A M“' : ’[ ‘ o . L N >
to A roth11 ~n"'} E ..-p L e o

v
LI

Most of the d1ff1culty that has been caused by th1s species in

Br1ta1n and Ireland, is attributable to the fact that British bryolo- -

"'A

",:g1sts have been studying material of A rothli ssp fa]cata and trying.ﬂ '

ﬂwithout possib111ty of success or becoming frustrated 1n trying. to

"””fxt it 1nto A cra551nerv1a (see the percepf1ve discussion by Dixon fo..

‘

t*D1xon & Jameson 1924) 'The 1ong standing taxonomic confusion 1s ‘;?'i*i~

ifurther d1scuSsed unqer A roth11 ssp, fa]cata.

' . N f . R . . PR : v e (X o L
! ‘\r' e . ,-‘ e - . : ooy O -

W P . o Pt e e
» NoA - ot ' - . N '
A . . . . T
Cad

.........

ﬂ;.ni_gg Germ 3ps 1834 A rothi1 web P Mohr var. frigid (Hﬂb ):Linds.

},Tﬁin Braithw.q Brit Moss- Fl 1 13 isso roth11 Heb. E3 Monr'ssp.p}aﬂifiﬁ_ﬁ;
fli:ﬂ[i__ (Hﬂb ) Schq]tze-Motel Herzogi 1 69‘ 1968 Type.jg ;f‘wyclcwy{h_ﬁnhk
IR g T T e e i B N L LN LFOR



a cells Juvenile leaves tlny, rarely seen. Mature Jeqves when wet k.¢

x \ S

. Swltzerland Grlmsel Schaerer Neotype Switzerland Grimsel
_——Vb

N

Schlmge (B!), chosen by Schhltze-Motel (1970)

) ' o v . v‘\\\ l‘ o C , . ‘ s \,- ) ‘ s RO
»“\ } , ! ‘ . :“ . . . ‘ '\:\ W .
Plants large, red brown, Protonemal appendages .ot seen.. Stems

, N .
s W A

to over 4 .cm high. Axillary hairs with brown, persistent mucilag1nous

" “ . -
. W

erect, straTght sometimes secund, when dry l1ttle chadﬁed 1 2 3 mm |

/\

.long. t lanceolate or gradually narrbwed from ovate base to acute llmb :

;.

h that ls 1 1/2 to 2 times as long as the\leaf Qhae Costa present

\
|.slngle, percurrent to rarely excurrent and\:1lling upper 1/4 of limb

fdistlnctly delineated smooth biconvex or ulg1ng dorsally, of db to .

6( 7) layers apically, weaker basally, about 1/4 to 173 the w1dth‘of

, \ | PR
.“leaf base, basal costal and subcostal cell walls often clearly s1nuose N

i

'Lamlna distinct ln limb often b1stratose or with 1— and unlastratose ,

areas mostly unistratose basally. Upper laminal ce\\s round oval or. O

l\oblate, 8- 12 um,,; th1n~walled, smooth to bulging BaSal lam1hal cells

f'slmll/r to\upper: rectangular only near costa Cladautolcous Perl-: ',."‘

‘ gonia large, broadly gemmate, paraphyses numeroust Per1chaet1al\bract$ o

differentlated sheathing and convolute, lnner bracts partly costate, ‘ "-ﬂrﬁ

A

éeogtate, p"illae absent Capsules frequent (present in all

R C e

;quent, Sporés me kum-sized (20-)25-35( 40) pm.\?‘]‘;f~p,:fﬁ;;t‘_?§l P
Ecologx ; On wet acidic rocks 1n mounta1n streams or on ridges.\ T N

;Reported on rocks in stream near summit of Ben Mathui (Braithwaite \“7 ‘ﬂtqgglwg

1880-1887) A note by A Croall on one of his specimens at BM.reported A"»::’“”n

that A. frigid was only on the west sﬁde near the summit (1220 m),‘afm':l'f4




h v1ce countles reported by Cor]ey & H111 (1981) and have added a record :

A

'
Vo

e t1on of gradually narrowed /lanceolate leaves with the 1am1na distinct ‘_‘

conf1ned to r1dge rocks of Ben Mathu1 forming G]en Dee and opposite F‘\f‘

Ca1rn Tou] and Putnam Pouch One specimen 1nc1uded A, n1va}is. L

ot

Yoo !
-

Distr1bution Very rare B! have seen mater1a1 from two of the

! “
"

from North-west Yorksh1re A]] col]ect1ons but one from Cumberland

v

were made 1n the 18005 The - source of the records frﬁm Easterness and j;

™ T

Nesterness (Corley & H111 1981) is not known (M 0. H1]1 in-14 ttg ‘
1985) ‘ ’,‘;;;.?_ ‘ S»:‘ . | i ‘g,’ . o ?tx,”u

;— !

A European (1nc1ud1ng the Br1t1sh Jsles) endemic Portugal can be

. added to the countr1es cited by Schu]tze Mote] (1970) -
' \"l ‘ al“ '

+ N Y Y

Spec1mens stud1ed (13) : ENGLAND ¢ North—west {brkshwre v. c 65

Cronk]ey Scars, Te\sdale gr1d reference 35/8429 Sep 1854, Black (BM)
Cumber]and v. -c 70 ( BBSUK) SCOTLAND ‘South Aberdeenshire v.-C.
.92 (11 BM E,AH NY) R L o

' '
. R R : B *
N " . ¢ . - » . Y

Nt Sy
" i : : o . ’
N o » BRI a

i

“"f“ D?fferentmatidn and Reiationships. Recégnizab1e by the combina-

‘A

L. to the apex and med1um—s1zed spores Easi]y d1st1nguished from A

ﬂj' with wh1ch 1t*shares the lanceulate leaf shape and medium-sized spore% B

‘*-'\ ' ‘an l\ ;,_ r

roth11 and A. meg1st05pora also by 1ts large size and occurrence in wet

Y

alplne habitats and from A. nlvalis by its entirer epapi]lose Teaves ;lh

N N , 3 S
" v i B N . . ‘\.,

and convolute perrchaetial bracts "".; - Aftvﬁ{“i‘*

DY
;o

‘x' T

North Amer1can endemic spec1es A schofieldiana B Murr.g(Chapter IV), *;“~'h

::a A W \, L R I S
»(,'.‘\‘- Lo : P

- . P ek L R YA
e . . . : re R i R SR
Bigt i ' UL ey, . S Sl K Lt ) W

Probab]y most closely related to the recently described western S

.
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Motel- (1970 , who considered the*most fmportant character to be the

A

lamina- costa re]ationship in the upper part of the leaf In my . op1n—
fon, spore size'is: the most 1mportant feature defin1ng taxa in sect
Nerviae and by this criter1on A. frigida 1s'more closely re1ated to A.

crassinervia, for example,, than to A rothif ’ See ‘Table. VI- 3 It is

~of interest that medium sized spores are found 1n the taxa in sect

Ner¥4ge with alpfne rather than subalpine ﬂlstr1but1on It 1s possib]e‘

N

that two lines one with medium sized spores, the other w1th 1arge

spores evolved from\stocks with these two hab1tat preferences

Because of its lanceolate leaf, strong. costa, and med1um s1Zed

4

spores, I think A. frigida may be one of the more pr1m1t1ve members of )
raica

' sect Nerviae, having in common several features of subg Chasmoca]xx,

which I consider the most pr1m1t1ve group of Andreaeae s

N

w —
~ 'r, -~

5. Andreaea rothii Web. & Mohr, Bot. Taschenb. 386. 1807 A“_rupes-'

tris A. Roth Neue' Beitr. Bot. 1: 232. 1802 hom, lleg » non A.

rupestri Hedw., 1801. Type: NW Germany,. "1n c1ppo sepulcra11-ethn1~

,corum in duc. Brem. inter Hagen et Meyenburg", Roth not seen,

'x

Plants small to medium-sized brown to black. Protonemal append-
ages 'not seen. Stems 0. 5-2 5 cm high Axillary hairs with brown;
persistent muciﬂaginous cells Juvenw]e Ieaves apiculate Mature

leaves when wet erect spreading to.secund, when dry erect to secund

) about 1 2 mm' long. usually sharply contracted at the shoulder to an

acute limb. Costa present; single, percurrent to excur%ént and filling

' upper Timb, distinCtTy de]ineated,vwith‘oocasionai dorsalvpapillae.

: 3éosta bulging dorsally, of up to o;]ayersfapically;’weaker basally,

- . e .(" ()



¢

N
. ’

o . ¢ . ‘
about’ 1/6 to 1/3 the width of the leaf Dbase; basa]‘ce]l walls often’

sihuose. Lamlna uni- to partly or. complete]y bi- stratose above base

pm, -thin—wa]]ed, smooth or bulglng. Marginal basal laminal cells
similar to upper ce]]s, 1onger towards costa. Cladautoicous and '

gon1oaut01cous. Per1gon1a small, narrowly. gemmate"paﬁaphyses numer-

ous. Perichaetial- bracts d1fferent1ated, convolute and sheathing

'237

~ usually un1stratose. Upper 1am1na1 cells mostly round to oblate, 8-12 ,

Capsules E“mmon, medum- 51zed about 1 mm long. Spore,abortion jnfre-'

fquent, spores large. (30-) 36-52(—60~80) pm. ' | K

1

5a. Andreaea rothii ssp. rothii (Fig. VI-5)

§

. A. rothii Web. & Mohr;var.'hamata Llndb ex Bra1thw.. Br1t Moss- F]

1: 13. 1880. Types: Ioe]and "Lugg1elaw Wicklow (Lindberg 1873)

Wet rocks at Carfury, Madron néar Penzance (Curnow and Marquand 1879)."

Lugg1e1aw, 1873, L1ndberg (sﬂ!, NY ex herb. Lindberg!).

G

Leaves erect to secund, rarely d1st1nct1y falcate, not brittle.
limb 2 to 3 t1mes as long as the leaf base; 1am1na distinct in limb

margin of limb entire or crenate from bulging ce]]s.' Costa usoally

. percurrent, when excurrent fjliihg only upper 1/4 of 1imb. Innermost

perichaetial bracts usually with trace of costa, epapillose-or with

very low sparse.papillae.

Ecology. On dry to wet'rocks from sea level to about 750 m

elevation | Because th1s subspecies has been misunderstood and 1s

B
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-

uncommon in the British Isles, its habitat requirements are unc]ear

i but apparen/lx~are simi]ar to those of Ssp. falcata ii‘ E T

~ Di stribution Occasional to, rare. Of about 720 specimﬂns of A

rothif s.1. seen -only about 75 or a littie over ten per cent are

—

referable to ssp. iﬁﬂﬁﬂil : ; -
Al materia1 cited by Lindberg (1870) and‘quitela bit cited b}
Braithwaite (1880 1887) . and Schu]tze—Motel (1970) is actual]y ssp.
'fa]cata Subspecieslggthll was reported for 101 vice counties by |
Corley & Hill (1981) but I have seen material from only about 37 and
» often only one specimen from a,v1ce-county - |
Known also from continenta] Europe and eastern and western North

’ America Reported from Mongolia (Abramova & Tsegmed 1979) Reported

from the Faroes, but I have only seen materiai of ssp. falcata from -

§pecimens studied (Ca. .75): ENGLAND: West Cornwall, vi-e. 1 (2;
BM, E); East Cornwall, v. -c; 2 (6; BBSUK, BM); South Devon, v.-c. 3 (5-" ”
g BM. wa);v Shropshire,n: -c. 40 (2; BM, NMW), West Lancashire v -c. 160
',(3 NMW) South-west Yorkshire, Vi-C. 63 (1 BBSUK) Mid-west York- ‘
;shire. Vi-c. 64 (1 BM) North-west Yorkshire, .=C. 65 (1 BBSUK),
westmorland e 69 (1 E). ISLE or MAN,, Ve 71. (2, DBN, M),
; NALES“ G]amorgan. v.—c. 41 (2, NMW), Pembrokeshire, .=C. 45 (1, herqp A
: Perry}, Caernarvonshire. v.-c. 49 (2 NMW) . SCOTLANU Kirkudbright— o
“shire. v.-c. 73-(2, E); Selkirkshire, vi-t. 79 (1, E), East Lothian,
 Ve=C. 82 (3, ALA. E)s west Perthshir vi-C: 87 (5 E), Mid Perthshire,
(“v.-c. 88 (1, E), Angus, v.—c. 90 (1 BM); Easterness v.-c. 96 (1 E), »

'\.
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Main Argji], v.-c}‘98‘(;, E); Nest Ross, v. ;c 105 (3, E); East Ross,
‘9.;c. 106 (1, E). IRELAND: South Kerry, v. . 'H1 (6, BN, DBN) ‘North
| Kerry, v.-c;-é (3, BM), East Cork, v.-c. HS (2, BM, DBN); Limerick
'V.bc. H8h(1‘ BBSUK); wexford V.mc. H12 (1 BBSUK) Car]ow, v -c. H13
.(i DBN); West Ga]way,yv -c. H16 (1 BM); wicklow v.-c. H20 (5 BM,

'vDBN MO, NY); Dublin, v.-c. H21 (1, BM)r.west Mayo, v.-C. H27 (1 DBN),, .

Cavan, v.-c. H30 (1 BBSUK), West Donegal, V. Zc. H35 (1 BM); Tyrone,

S

B v. ~c. H36 (1 DBN); Down, v v.-c. H38 (2 BM, DBN) B

'
v
'

Differentiation See %able VI~ " Throughout most of its: range,
‘ssp Eﬂiﬂll 1s qu1te eas1]y dlSt1A€$}

‘~s]1ghtly secund non br1ttle 1eaves 1n whlcﬁ the 1amina is usually

: dist1nct to the Teaf apex, with the costa only occas1ona11y excurrent
and f1111ng the uppermost part of the 11mb Perichaetial bracts are

smooth on]y rare]y is there a hint of true papiTlae, In the British |

239

uished from ssp falcata by ‘its pnly "

Is]es, however a form (descr1bed as var. hamata)'is the most frequent SR

express1on of th1s taxon It has features that are intermedfate to

,ssp. falcata--leaves are somet1mes more strongly falcate and the costa
more. common]y excurrent than in tybical material. and low, sporadic
__in1llae are seen in ‘some p1ants w1th1n 2’ population In the Br1tish

Is]es very- few specimens appear to totally lack papillae Because it

,7 is. often difficu1t to determine 1f pap111ae are' preSent or not (they

'~uon1y occur #n scattered p]ants) it seems practica] to treat this form ;"f“

,w1thin ssp rothii at least until its expressionlthroughout the range ‘

hof ssp. rothii 1s determ1ned Based on what I have -seen so far. the

Terns

_)
o

f ern than in central or southern Europe, and 1t does not occur 1n North

£ o A . . L RS . .\..; .‘..)‘,:

. < f .S,
B a : . ; ¢ e - . -
P L. ¢, " o . - A . . Vo . &

~5intermediate form appears to be more frequently expressed in northwest#‘\,;i



L .ovar, falcata (Schimp )L

‘ ' | 240
Amenica It 1s possible that it resulted from hybrid1zat10n between
ssp. rothii and ssp. falcata and is thus more frequent where ssp
ffalcata is common but th1s is on]y speculation

Subspecies rothii is separable from A. frig1d by 1ts more abruptj
ly tormed 1imb, its 1arger spores,’ and its tendency to ‘occur at lower

,elevaﬂmbns and ‘in drier sites. Subspecies rothii has smaller spores

than and lacks the dense perichaetial papillae of-A. megistospora spp;‘

megistospora.

5b. Andreaea rothli ssp. falcata (Schimp ) L1ndb (Fig V1=6) .

“MUSC Scand 31 1879 A. falcata Sch1mp , in Bruch Sch1mper &

Glmbel , Brzo Eur 6: {fgg . 12(634) 1855 A rothii Web. & Mohr
i .» in Braithw. Brit’ Moss F1. 1:‘14 ' 1880

\ Types Switzerland "Ad rupes graniticas saepe orroratas glac1e1 moles

cingentes quas Bernina-G]etscher appe]lant, in. He1vet1ae va]]e Engadi

(W. Ph. Schper, ), e Hercynla superiore cl: Leo Lesquereux retullt w
"Bernina Gletscher. August 1845 Schimge (lectotype‘chosen here:

:41_BM-5ch1mperl, fsolectotypes: BM-Hooker!, BM-Hampe! , BM-Bruch!, BM-
: wilson!). Harzburg, C]austhal 1845, Lesquereux (syntypes:_ Bﬁ-ﬁéhpe!,
| fsn Brucht, NYL) <t

.
_— oo “y f . . - . , .
Y N . .

"flﬂ: rothii var. Eagi]]os C. Mull., _JL_ Musc. Frond 1: 9. 1848'
f-fktype'f "In unica rupe adlBernina Gletscher Engadin" Aug 1845 Sch1mge lf 'f

A

I PR

‘ - gﬁf(holotype' BM-Hampe!) . N - -'j'f~‘{ _Il”ai. “[“t;n n :- {

;"‘=;A huntii Limpr.. Laubm. Deutsch} 1 145 55 1885 A crassinervia f

A A

:;féﬁ'Bruch var. hunti1 (Limpr ) Bra1thw.. ﬂrit Moss-Fl 1 ’:‘h:ppl...t 95. ’

.*. S e ".,“x Y Lol
. . LA, Lade
N t



. - A S SRR 241
@%7 A. rothii web & Mohr var huntii (Limpr ) Dix » Stud Handﬁ N
Brit Moss. 27.‘ '1896. . A. rgthii.web.‘& Mohir ssp.~hgg311 (Limpr.) |
' Jogrg,, Berg. Mus. Aarb. 1894-95(13): 13. 1897. A. crabssi"nerVia Bruch
ssb.‘h__u_rﬂ.(Limpr ) Amann, F1. Mouss. SuiSSe 1: 28 and 2: 19. 1919.

A. commutata Limpr Jahresber. Schles Ges Vaterl. Cult;'61:‘?21.

"'1883 hom.” illeg. non A. commutata c. Mﬂii., 1864 Typef dckerthales
©in Harz April 1876 Bertram in Bryoth Eur 1301 b (]ectotype: B!’f
. chosen by Schuitze-Motel 1970) e Lo e S

Nomenciature and Taxonomy. Andreaea rothii ssp. faicata wés first

recogn1zed in Sw1tzerland in 1845 and given by Bruch and Schimper the '
:'name A faicata on herbarium 1abeis . Publication of the name did not
'_soon foiiow, and, in the interim C. Miller (1848) published the name’

1

A. mhothll var. Eagilios for the same taxon giv1ng as the type‘"Andr

L

' jgiggtg Schimp in Hb Hampeano .in unica rupe ad Bernina Gietscher :'
L im, Engad1n°' w P. Schimper Aug 1846 [sic] Dom Lesquereux (e
iitt amgeanj ) 1n hercynia superiore observav1t " Some years later ‘
't‘Schimper (Bruch Schimper & GUmbei 1855) published A jglggta and - |
1nciuded as a synonym Mﬂiier s variety. which howeVer, Schimper -
referred to as var, faicata C Mﬂli (not var. pa i]iosa) L
. Mﬂiier (1848), who con51dered the taxon within the nange of A
- rgthii s.al,, characterized it as’ hav1ng leaves in which the costa
i;.totaiiy filled the apex and in which the apicai celis were more papii- .
'iose and erose-denticuiate than in var. rgihli Schimper (Bruch |

| nSchimper & Gﬂmbei 1855), on the other hand, compared A fa]cata to A

‘crassinervia.\ He distinguished A falcata, among other things; by its .‘ﬂ

,_more faicate leaves and the erose-emarginate apex with the costa

. y oy, : . . L
LI Pl s Ve

pe
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disappearing in or below the apex He stated, furthennore, that A.
falcata could in no- way be confused with A. rothii (which he cal]ed A.
rugestri Turn ) as he felt had béen done by MUI]er ) Thus, from the ?l
very beginning we had a taxon that was- considered re]ated to two fi' ' fﬁw
‘different specieSIby two taxonomists and was described as having

w"features intermediate to those considered diagnostic for A rothii s

_‘
) .
o

wstr and A. crassinervia That is, the costa filied the apex of the

"1leaf more than in A rothii s. str. and less than in’ A cra551nerv1a.
v In 1885 Limpricht (1885‘1889) named A huntii (to replace his

- later homonym, A. commutata, see synonymy above) Andreaea huntii was '.‘

reported from Germany, Norway, and Scot]and The Scottish piants were
.choliected by G E. Hunt: of Manchester (for whom the spec1es was named)

" As Limpricht noted Schimper (1876) had a]ready referred Hunt s British
:.collections to A fa]cata However, using a new character, the peri- “J‘;%,”f'
thaetial bracts, Limpricht recognized A ﬂ!ﬂEil as a d1St1nCt species ‘d‘ o
’:;differing from others in the group primarily by its 1nner perichaetia] 'L‘tfu*
,.bracts with crenulate margins and iarge dorsal papillae._';;, | |
) Limpricht stated that he had not been ab1e to ascertain if
5rSchimper s plant had these features. and he used Schimper s origina]
;*description of A, falcata to 1ead him‘to therconclusion that A huntii |
n couid not be identified with A falcata. It is not clear why Limpricht ﬁ.;[‘d
k:was not able to determine whether A falcata had strongly papi]lose _‘f. d%;:_f
1Jinner perichaetial bracts. since he cited bo*n‘syr ypes of. A faicata o

'tin his discussion of that taxon‘“nf"he same prlication in which he




'l was, however l1sted under A falcata (as A rothii w/r falcata) } hf;'

s
»

o p'MBnkemeyer (1927), Podpera (1954), and wljk et al (1959, followlng

A huntii as a subspecies of Am crasslnervia.l He regarded'A;“falcata

e e S T L B S RO e
i Lk L ; . AN . » e o\
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A fr191da Fruitlng type material from Harz, collected by Lesquereux,‘-“lm

‘t

the 1nit1al taxonom1c dlsagreement of MUller and Schtmper was compound-\‘\fly

\

ed. w1th confus1on when L1mpr1cht 1ntroduced-a new specles A hunt11

—_—

which he assumed was’ d1fferent from A falcata, although he dld not
evaluate in A. falcata the pr1mary diagnostic feature of A ﬂ!ﬂﬁii 3 f{lu;
L1mpr1cht also suggested that the syntypes of A falcata consisted of

two taxa, A falcata and A. r1g1d , j‘ ;{': 'Jﬁ*vaﬁ' K l_‘ v

e EEE

In 1880 Bra1thwa1te, 1n Volume 1 of hlS British Moss-flora (1880» '

Ny 1887) treated A falcata as a var1ety of Al roth11 citing L1ndberg iniﬂ .

]1tt as the author1ty for the new combinatlon when Braithwalte '

completed the f1rst volume of the Br1t1sh Mossqflora in 1887, he “'7i“‘:

1ncluded a Supplement in wh1ch he treated L1mpr1cht s, new (1885)“.

- spec1es as a var1ety of A crassinérvia (uar hunt11 [lepr ]

Bra1thw ) He noted as had Limprlcht that the. speczmens c1ted 1n .

Britvsh Moss flora, 1nclud1ng Hunt S, were: regarded as A falcata by

Sch1mper L“,'} ' L ‘1_ D IR ‘," ‘:f Ty
" . 4 . ' LR . v [

'~From this t1me on, 1n Britaln (and elsewhere) Schlmper s A i‘ Vyiljfk

|

falcata qnd Limpr1cht s.A. hunt11 were often treated as separate taxa ";;k

at var1ous ranks A falcata closer to A rothii s str and A huntli

B - closer to A craSS1nerv1a (e 9. anon 1896 Dixon & Jameson 1924)

Even though he separated the two, Dixon seriously questloned his ’"‘AW"J"'J”°

: dec1sion and their distinctness. But, other than Schlmper. only

Podpera), actually treated the two names as synonyms.

-f« Schultze-Motel (1970), wh _monographed costate Andreaeae

————————
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as.a. nomen confusum.. He cited Article 69 of the International Code of

‘.vBotanical Nomenclature (Lanjouw 1966) "A name must be rejected if it is

dused in different senses and so has become a. long persistent source of

-

,nerror" and Article 70 "A name must be reJected if it 1s based on a type e
:"consisting of two or more entirely discordant elements, unless 1t is
irlpossible to select one of these elements as a satisfactory type " _
j~JArticle 70 was deleted at the Leningrad Congress in 1975 and Article 69
'f‘has been revised Howeven. even as they stood in 1966 (and according

'3}to the present Code [Voss 1983]) A. falcata is neither a candidate for '

B U

;‘rejection, nor should ‘there be‘any nomenclatural conquion.,[” )

Schultze-Motel (1970) stated that if one of the syntypes of A

f falcata (from Bernina) is in fact A frigid (Limpricht 1885«1889),

then the lectotype for A falcata must be the other syntype, the 'w7

f collection by Lesquereux from Oberharz. Since Schultze-Mot61r§;d not

seen the "lectotype" collected by Lesquereux, he suggested that A

i

@ examined this specimen, which is probably part of‘th"type ga”}eringCV'f4f; :

; and concur with Schimper s identification (a little A 'rugestri :
i'intermixed) oI have examined syntypes of A falcata collected by

ils. :

: Schimper at Berniha Glacier, Engadin, in August 1845 and by Lesquereux ;fﬂaﬂ1
;'between Clausthal and Harzburg in 1845 from several herbaria including '




falcata. I have also examined other authentic material (from Wales and
Scotiand), and 1n all cases Schimper was . consistent in his determina-
tions. Al] represent his A. fa]cata The types that I have seen do
not c0hSist of discordant elements ,as suggested by Limpricht (1885-
1889) and Schultze-Motei (1970). ‘; ‘ | S
Since its inception Aa falcata has" been treated as a species or

. as an infraspeCific category of A rothii. It is rea]]y the circum-

5cr1ption of" A rothii and A craSSinerviayand the identity of A

huntii, which was named 1ater, that haye been confused None of this

confu51on is suff1c1ent to permit reJection of any of the names since

1o NI

their nomenclatural base is clear, and’ types of ali taxa (except A . L“
“rothii Web & Mohr) are avaiiable. Disagreement has been taxonomic and .
———_—' " f " \

the conquion is by no means universal After- examining types, I have |

conciuded that A fa]cata and A huntii are taxonomic synonyms that ,g;u

fal] w1th1n the range of variation of A rothii 1., so I have |

treated the<taxon as A rothii ssp falcata. ‘

\

. v . : ' . o B \
', . L ’J\ 0 ot . . . | \ I
o

) Leaves usua]]y Strong]yxsecund to falcate secund brittle. limb 3 '
vil to 5 times as 1ong as the leaf base, lamina indistinct or sometimes
distinct in limb~ limb margin entire, crenate from bulging cells or 'Qxf"

-
rarely distantiy dentate. Costa usualiy excurrent and fii]ing upper

.

: ;1/2 to 1/4 of the subula, occasionaily percurrent Innzrmost perichae-y*3ufﬁ

oy
)




3 | SN ¢ . R SR U

i Lo ( . v , RN

e “ , “, o ' .. 286

v ) D ' Lo * . '\ o o TR o . . \ U ‘ '

\h,.‘ Eco]ogz On dry to wet atidic rock (granite, sandstoney Shé]?ﬂ.“yljfﬁ
s]ate), from near sea ieve] to rarely above 900 m1lV}$|f;ga\ R L

i '“‘ ' ' ‘\"‘ -" ;" o ! ). W L ‘} "A‘ ".‘ "-‘,I“_‘ kv"‘l |:A I’. y; | “” bt ' "

L R
f Distribution Common in suitabie habitats throughout the British

N
l o

¢

Isies.‘ I have seen materiai from about 82 vice counties from southJ"h7:f¢

‘~western Engiand to the Shetlands and throughout Ireland Con51dered

) [
J " ‘,‘w.“

o veny rare and reported (as A crassinerv1a ssp.‘huntii) from five

vice-countieS'by Smith (1978), from i2 vice counties by Schuitze-Mote] Qﬁ”

(1970). and from seven by Coriey & Hi]] (1981), for a tota] of oniy 15

f

o, Lo N ‘.‘.‘.:

vice counties The discrepancy is because most material prevoously o aj”y.
identified as SSp rothii or A. crassinerVia ssp crassinervia‘is'in R

! [ LY N 4' b ' .‘, + .."\‘Iv' ; ': . , " L “'.' L

fact ssp. faicata.‘ ' ‘"qﬂJ,j\*t Su.to‘“Hx:‘f‘n”,;wwayy qu""yfp“.;\;’;ﬁd.p

‘ Outside the British Is]es, ssp fa]cata is known from continental
Europe To places iisted by Schuitze-Motei (1970) can be added the '_"th}:

Faroes Sweden Spain and Sardinia. I have a]so seen one North -\:?,h“fki

, American coilection referable to ssp. faicata (Oregon, Doug]as Couhty, ;hi,

Christz 488 herb Christy, DUKE) e *%]l: g;w'“,*,ppnﬁpl R
, 'l‘i."’,', - "'v s e :»\ “ s ‘P ‘.\‘ Lo A . 'y" .‘: '. Y \t‘."‘..lﬁ,';“ | I “;\; . I;, "", '.‘ ‘ - A v - ‘\.‘ .

§pecimens studied (Ca. 650 from v.-c 1- 5 34 37 41 50 52 57,,; i’:
58 60.\62 73, 78 80 82,.83 86r92 94*100 102 108 110 112, Hl H3 ’

H5 H6 u10 H1G; ﬂzo, H21 H25—H31 H33 'H35 Has H39 in ALA B, ,{f7f'
BBSUK BM DBN"‘DUKE EA\H Mo, NMW‘ nv usc 'ucnw herb Perry) ‘ f}fhﬁ;f

fgfiff Differentiatibn. See TabierI 3 Typica] materia] of ssp.;;i j;f{fjﬁﬁgr
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,4”'; pap1llae are present on some plants with1n a population but absent 1n

others, and it 1s somet1mes necessary to check more than one perichae-

o , ‘;“»)

,J““ t1um Per1chaet1al pap111ae qan usua]]y be seen 1f 1nner perichaetial

bracts ‘are exposed under ‘a disSectihg scope‘ rarely 1s 1t necessary tb

'use a compound scope with typ1cal mater1a1 The Small amount of

ﬂ“\ materla] With features in a1] ways 1ntermed1ate to thoSe of ssp rothii
n ’ I v K N A 1 !

\ 1s probably best treated as A roth11‘_ ] : i '~Wﬁ

W y . . s . . B o

"ﬁ ‘: if Subspec1es falcata 1s easily dlst1nguished from A crassinervia by

' 1ts larger spores, 1ts ]am1na that is d1st1nct in the upper part of the

]eaf (eVen if only a’ narrow border 1s v1s1b e) and its dorsally

v
'y

bulg1ng, narrower costa Gl R |
IR .,3:\”}" S L :,’ "»‘ S . k ‘,;,:",'r

. fﬁ 6 Andreaea meg1stospora B Murr ssp megistospora (Fig VI 7)

in Chapter IV a]so subm1tted for publlcatjon Iype Scot]and Ma1n

i'. Argyll v.-c. 98 Meetvng of Three waters, Pass of Glencoe 31 0ctober o

1982, Murray & Long s.n. (ho]otype 'E, 1Sotypes ALA and others to(be
R | ‘
d1str1bdted\1n an. exs1ccata of Andreaea‘in preparat1on) .

Y ! Ve
. . . \

, , oo . L .

oy '

Plants sma]l, rare]y med1um-sized brown to black Protonemal
RY
appendages rarely seen. Stems usua]ly 1ess than 1 cm h1gh rarely to

‘»

"pﬂ; Juveni]e leaves about broad]y ovate, apiculate. Mature ]eaves when wet

ey ," ¢ x '

) %gﬁ.‘Ax111ary ha1rs wlth brown, persistent muc11aginous ceTls. “qu
' ‘*s«mﬁ

erect spreadlng or secund, when dry‘appressed 1 2 mm long, oftpn

s sharply contracted at the shoulder from an ovate or ob]ong base to anf RN

v acute 1imb that is 2 to*3 times as long as the Ieaf baSe.; Costa

. present,~single, percurrent to excurrent and filling upper 1/4 of the}f?fﬁj5i

'lfilimb, strong, distinctly delineated. with occasional dorsal pApillae,}:”";”'“

T,
oy




costa biconvex or buiging dorsally, of up to 6 iayers apicaiiy, rarely

.'weaker basaily, about 1/6 to 1/4 the width of the leaf base, basal celi .‘,

T o

' walls often sinuose Lamina distinct in limb unistratose or partly to

2

. completely bistratose base usua]iy unistratose Upper 1am1na1 celis

"mostiy round to ob]ate 8~ 12 pm, thin wa]ied, smooth or buiging\ Basai’z
‘wliaminal cells similar to. upper or siight]y longer C]adautovcous and
gonioautoicous Perigonia sma]l, narrow]y gemmate Perichaetia]
bracts differentiated convoiute and sheathing, inner bracts ecostate,-' 3
l papillose papiliae usually lowpand rounded, rarely sharp and'obiique
c'eapsules common, small, to about. 0 8‘mm iong,h Spore abortion infre-" [‘ 'iyu
‘quent spores very ]arge (40)50 90(110) pm o Ry _c‘* :33,"'3;3f, !

Ecoiogz On dry to m01st usualiy exposed rock from near sea .

~ievel to about 700 m (one coliection from 1100 m in Scotland) | Some~

A

:times associated w1th widespread taxa, A rupestris, A roth1i ssp
”faicata and A aipina, rarely with A. mutabilis. v |

. o Sy .
. . - / ! .
1 . . . A iy I
o

Distribution. Rare.‘ Known only from the British Is]es, Norway A L'vE

'and northwestern North America (Chapter IV) Andreaea megistospora isif
. Y 4

D a, member of the group of western European-western NoFth American _}‘ij‘,m
f'disjuncts that occur in hyperoceanic regions and age probabiy reiict tf

? N
3gspecies whose ranges were contracted during the Quaternary (Murray S Lﬂ Sl
.",.’1986) 'p L v el
, ;pecimens studied (Ca. 35 .an: asterisk [*] represents a specimen, : ,
;ﬁlacking spores’}iddﬁtified by leaf charactei}stics) ENGLAND County "j

jLDurham. Vaci!

:flaicon Clints,*Teesdale, grid reference 35/8228 Sep
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1854 Black (BM), Cumberland ‘Q.Lc 70, Swinside [Swines1de] Keswick
35/2422 Jun 1879 w11d (BM) NALES Pembrokeshire v. —c 45 Mynydd L :M
Carn1n1ng11, Prescelly Mts, 22/068373 Janssens 915 (ALA*) Menioneth |
,Ii..‘vA.rc 48 (3, BBSUK NY)‘ SCOTLAND' K1rkudbrightshir‘e v -C 73

] <Ke1]s H1]]s, 25/58, Sep 1961, Peterken (BBSUK); Wigtownshire vae. 74,
‘”_Ma1n Water\of Luce 25/16 Apr 1955 Lobley & Duncan (BBSUK) Peeb]e-

. N ;
sh1re, V.. ~c 78 E11ers Q]euch 36/1216 Jun 1968, Milne Redhead -

s (BBSUK*)? wekt Perthsh1re _.~c 87 Ben Venue 27/4706 Aug 1875
~,‘Carr1ngt0 (DBN*) "Mid Perthsh1re v “ ,88 Ben Chd]lum 27/3832, Ju]
. | .
1866 ;. McK1n1az (BM) Easterness v.:c 96 Corrle an- t Sneachda, k

‘2819903 Jul ]909 W11§on & Whe1don (NMW), Nesterness, v. *c 91 (5

’e

"ALA BM E NMW , UBC),\Maln Argy]l, v. ~c 98 (6,ﬂALA,LBM E, NMN UBC), .

'»VDunbartonsh1re V. -c 99 G]en Lo1n; Arrochar, 29/30 Apr 1915 Adam

\

i ‘,(E) C]yde.Isles, v.-c. 100 Arran éleann Easan B1oraoh, 16}946495

" Long 311 (E*);°N orth Ebudes,’v*—c 104 Skye (2; ALA, E, unw*) west

s r‘ﬁ‘
f"Ross, v.-c. 105 (2 E), West Sutherland v.-c. 108,-S, of Unap%gl o

I -

~,g,Assynt 29/2429 Schofleld & Schuster 69976 (UBC) Outen\HEbrides,

‘v;-c 110 Harrls Be1nn na Teanga ~19/1602 Ju1 1946 ngburg (BM*)
: ;HIRELAﬂD West Cork . -c H3, Conmataggart Mt.,xSep 1953 King (DBN*)‘/ R

, 'uu Moy

" Mid- Cork v ~c. Ha, Musheragh Mt., May 1851, Cartoll. (BM), Down, V. ~c.
Uﬁ”fH38 Rocky Mounta1n near H111town 33/2326 May 1923 Lett (DBN)

c o ‘”*‘ R ‘ “ ‘f~ ~
e C - . [T P

). [
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‘f LDifferentiat1on and Relationships.‘ Andreaea megistospora as 1ts it

f:; name 1mp1ies, 1s dist1ngu1shed from all-other Andreaeae by its very
_;large Spores, the largest 1n the genus It is also recognizabie by 1ts ﬁb:‘
relat1ve1y small sizefand 1ts falcate leaves with the lamina distihct“w*w*v

to the apex In addition to spore size it is distinct microscopically

et ’ I{‘ .o R Caelv .
AR . e v vt i

s e O ! . . .
-y . L FY'S e A .
AT A [ T . Ay, e S . [
e o S [ . : Wl K [ e TR o ‘,'x,‘_""
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'/’ - ' ] ’. N .
~ from A. rothii ssp. rothif and)A friggga, the other species in the

British Isles with sfmi]ar leaves by its papillose perichaetial

bracts. ' l //

SubSpecies megistospord~and a second subspec1es, ssp. epapillosa
B: Murr from British Columbia and A]aska.‘have been recently described

‘and discussed (Chapter Iv)., Andreaea megistospora seems to be most -
‘_closely related fo A. Iﬁﬁﬂil Both species have large spores and occur

at lower elevations than other members of sect Nerviae. Perhaps this

l1ine d1verged from a“line defined by the presence of mid-sized spores

and occurrence in wet, alpi

true, A. megistospora may bef}

habitats; see-Table VI-3. If this is

e
. most derived taxon in seft. Nerviae. &.

bl

o |
7. Andreaea alpina Hedw. (Fig. VI-8) S

4

Sp. Musc. Frond. 49, pl. 7, Fig- 2p. 1801. Types: " “in alpibus-

[

. Britanniae, rupibusque Suec1ae Bructer1, Germaniae," not seen. “///"\\\
\ . ‘ ‘ ~ )

A. lgiga Hedw. var. f1av1cans Hook Trans "Linn. Soc. London 10:" 389.

©1811, -.Type: Scotland: Ben Nevis (?holotype, Scotland, Hooker &

,Borrer. BM-Hooker;" isotypes, Ben Nevis, 1808,rHookerh§ Borrer, BM!, »
| BM-Wilson!, BM-Wilson ex Hooker!, Bszilson ex Turner!,.H-Lindberg!‘ ‘

"

-

]gin Hedw var. comgact Hook Trans. Linn Soc. London 10: 4339.

1811, - Iype Scotland Ben Nev1s, ‘1808, Hooker 1] Borrer (holotype

BM-Hooker, isotyﬁ%s BM-Nilson ex Hooker' BM! o . ” .
S N | R
. /

Nomenalature. 1 have not yet dea&% w1th typ1ficat10n of A.

;_a?gjna. I‘have not seen thé type material ‘A note made in 19?0 by -E. .
/F 4' e - .

”‘/- . . - . 'v i . l



D 251

~ Nyholm, ‘accompanying a slide in-S, says that in G-Hedwig under A,

rupestris alpina is A. rupestris, Ehrhardt, 5,'obovat5ﬁ;3uecia;‘0. _
Swartz herbarium andLA._glgiga, Ben Nevis, the latter considared'the

_holotype by E. Nyholm. |

In Hooker's herbarium at BM, there is a specimen labelled var. B

'Hooker, Scotland without date, Hooker & Borrer, that is probably the
By oo

holotype of var. flav1cans

Piants farge tQ,»GbGETb-féﬂd?sn;brown to purplish black. Protone-
mal appendages not seen. Stems 1;6(l8) cm high. Axillary ha1rs with
bronn, + persistent,”cylindriq'mucilagjnous ee]is, stalk sometimes
" branched or multiseriate within perichaetfum: Juvenfle leaves denticu-u
late and apicu]ate. Mature leaves when wet erect-spreading to squar-
'rose when dry 11ttle changed, erect to spreadvng, stra1ght, stiff, to
) about 1.5 mm_long, 0. 7 mm wwde pandur1form broadest above constric-
" tion, symmetr1c abrupt]y narrowed to 1ncurved apices about 1/4+

N

" i1/3( 1/2) the length of. leaves, marg1ns p]ane to incurved, denticulate

- from near bases 1nto mid-leaf constrict1on due to projecting cell ends,

appearing bordered by several rows of obl1que, thinner walled ce11s
vthat are also th1nner in transverse section. Costa absent. Lamina
mosfﬂy unistratose, océas1ona1]y locally bistratose or comp]etely v
; bistratose ap1ca11y Upper laminal cel]s round to oval 8-10 pm wide.
thick-walled somewhat co]lénchymatous, papillae lacking Transition

- from uppen»to basal ce]ls + abrupt. Basal cells rectangular to long-
recfangular, lumens and walls £ equally thick walls pitted and nodose,

in transverse section dorsal wa]ls bulging. Cladautoicous. Perigonial, -

;bracts occasiona]ly papillose above. paraphyses nUmRIrouS . Perichaetial
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: bradts differentiated, Targe, sheathing and convolute, sometimes
distant and slightly secund.:'Capsules.common tofoccasional, medium-
slzed, about 1 mm long. Spore abortion frequent, spores medium-sized,
shrlvelled browqispores 17 28 pm, turg1d green spores 26-38 pm,

rarely larger.

' N k Cr
/'

Ecologz.. On wet to contlnuously dripplno rocks in‘streams and‘on
_lfdges and cllffS‘and on moist and periodically irrigated outcrops andA
boulders, from lowlands to highlands,{SO.to 1300 m, apparently most

frequent in mountains (Duncan 1966, Birks & Birks 1974, Smjth 1975)
(Stgrmer [1969], in contrast, reported that in Norway, although the
alt1tud1nal range was wide, most collections were made between sea
level and a few hundred\meters.) The substrate is agidic or,woften,
mildly basic rocks (granite, hasalt;,siliceous and calcareous schist,

'mlca-schist); one collection from Shetland Qrew on "wet ground."

Occaslonally associated with other Andreaeae: A. rupestr1s, A. roth11

- ssp. falcata A. megistospora Ssp. meglstospora and A. mutabilis.

Andreaeapalpina is one of the Andreaea specleS"whose temperature
response was studied by Dilks & Proctor (1975). It was found to have a

. broad optlmum range'of temperature for“net asslmilatlon, similar to

those in A. rothii and Racom1tr1um lanug1nosum, and -also appeared to .

survive the lowest temperatures used in the exper1ment

: DlstributionL 0ccasional to frequent in Wales, northern England

Scotland and Ireland Of the 45 v1ce-counties reported for A. alpina
by Corley & Hlll (1981), I have not seen.material from the follow1ng

’slx: Pembrokeshi:e, v.-c. 45 South Northumberland, v.-c. 67,
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Selkirkshire, v.-c. 79 S]igo v.-C. H28 Armagh, v. -c. W37, and t
Londonderry, v.-C. H40 To the1r Tist I can add wigtownshire v-C. 7{.

H Although widely d1str1buted in the British Isles, A. alpina {1s
most\abundant in ScotJand Approximately 58 per cent of the material
‘examined is from’ Scotland, 20 per cent from Wales, 12 per cent from :

)v northern England, and 10 per cent from Ireland ) These fﬁgures no doubt

reflect. the greater amount of wet mountain hab1tat in Scot]and

Stprmer (1969) felt that in Norway distribution of A 212122 was

primarily governed by preC1p1tat10n, the species requiring high precip-'

itation and atmospher1c moisture such as occurs in highlands in the |

Br1t1sh Isles.. | |
Known elsewhere in the North At]antic region from the Faroes and

Norway and recently repo.ted from southernmost Greenlgnd (Chapter V).

Andreaea alpina is a bipolar spec1es ~In the Southern Hem1sphere it is

w1de1y d1str1buted on subantarctic and dold temperate islands the
Auckland Is]ands, Tasmania, Kerguelen Island, Marion Island, Gough
Island, South Georgia, and the Falkland Islands, and along the west
coast of South America as far north as Colombia. In this region it 1s"
part of a group of closely re]ated'taxa. In the Northern'Hemisphere&.;
howeVer,'it‘is taxonomically uniform and has no close relatives. Since“
A. alpina and its allies diversiffed and‘are Widespread in the Southern
”Hemwsphere, it is possib]e they originated there and were, therefore, i
secondar11y d1stributed in the Northern Hemisphere This is opposite .
to the trend postulated for bipolar: bryophytes by Schuster for example
.(1983 p. 594) "Bipolar hepatics and mosses share one common feature°' ’,' h

v1rtua11y all of them are clearly of ho]arctic origin. thus dispersal ;

has been one way " Andreaea mutab*lis is another bipolar species that |

A/‘"
\



'shire, v.-C. 74 Main water of Luce above New Luce, grid reference

'25/16 Apr 1955 Lobley & U Duncan (BBSUK)

Protonemal appendages rarely seen. Stems rarely over 1 cm high,'cells e

¢
. [
E—
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‘\i. L ST . "'Q

_‘occurs in Britain and is widespread 1n the Southern Hemisphere and may

\ ‘
, N . ! N E -

'have originated there L A ,7. R S A

§pecimens Studied (Ca 700 from v =c. 42 44, 46 48 49 64 66,

Q”68 70 72 75 78 86 92, 94 96 101 103 108 110 112 Hl H2 H7
“'MHIG H27 H35 H38 H39 in ALA -ALTA, B BBSUK BM DBN DUKE E H

g MO NMN NY S UBC Herb. Perry) New v1ce-county record:’ wigtown-

———
T .

Differentiation and Relationships. - Easilyaidentified bg;its large

size,’rather coarse appearance, and its ecostate; symmetric‘“panduri—

1

form leaves that are denticulate along the lower margin and are abrupt- '

ly contracted to the acute apex. The species varies from robust to

small, with leaves crowded to distant, stiff to lax, and short— to

t

‘ long4tipped The varieties of:. Hooker reflect some of these var1ations,

which have no taxo omic significance

Andreaea alpi a has no close relatives in the Northern Hemisphere,

but it is part of a interesting complex in the Southern Hemisphere

that needs more study.

é Andreaea ‘sinuosa B Murr. (Fig vi-9): . -

rxologis 89 189, fig. 1- 17 (1987, Type: Canada British‘Colum_;‘-'

: bia Hest Vancouver. Schofield 74208 (holotype UBC, isotvpe;'QALA)g .

A}

o L DN
o Y

Plants small green-brown. [ed-brpwn,,purple-black or blac"

.,

-
e

A - .
e N
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“frequently sinuose in surface view Axillary\hairs with brown, persis-,
tent cylindric or clavate mucilaginous cells Juvenile leaves apicu- R f;;
late occasionally sparsely toothed from projecting cells Mature o
leaves sometimes appearing tristichous, when wet slightly spreading.

wheh dry erect “more or less appressed, sometimes cund to 1 6 mm

long, to 0 35 mm wide narrowly lanceolate to linear—lanceolate broad-
est Just above the only slightly sheathing base; apices acute or
occa51onally rounded margins incurved, entire. Costa’ absent -Lamina

lfunistratose on locally bistratose Upper leaf cells irregularly

‘rounded, oval or oblate, 10- 12 pm, with large, low brown to white
papillae that are more numerous centrally than marginally or apically,\a”

+ thick- walled and collenchymatous Laminal cells gradually»larger andk~“‘

conspicuously pitted to sinuose towards the . shéathing base, with o
papillae becoming sparse Basal cells rectangular to oblong, lumens

often scalariform, longitudinal walls incrassate pitted and strongly

’ sinuose as in Racomitrium transyerse walls thin paplllae absent,

ﬁJOlnt thickenings frequently v151ble in transverse section.‘-Sexual

: condition undetermined apparently dioicous but stems very short and
"fragile, so pOSSibly cladautOicous Perigonial paraphyseszfew or :

;.lacking Perichaetial bracts differentiated convolute and sheathing | fﬁefl
. Capsules common, barely emergent to: shortly exserted, small. about 0 Buh

mm long, capsule base. usually occupying 1/2 or more of the capsule L

"

- length .Spore_abortion rare, spores.smalj (11)13 19(21) um. ‘l{~.p oA
Ecologz On. acidic rock in extreme snow-beds (Murray 1987) Seej;;f !;f
. also discussion of A blzttii S ‘F.v*"v ‘f_'fef »?‘r.' k '

Y Dl
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Distribution, Very rare. 0n high ground in Scotland where sndw

can persist, ca. 990 1100 m elevation.‘ Otherwise known only from the

. Aleutian Islands Alaska and British Columbia (Murray 1987)

'
N T
' ! ' PEREEE
4
I y

Tio ‘.

'}'.: Specimens studied (9) scbrLANb# South Aberdeen v -c 92 Beinn J

- a Bhuird below S Top, grid reference 37/095977 13 Jul- 1985 urrax &
“Long, (ALA) Long & Murrax.12791 p. p (E), Westerness, v.-c 97 Ben ll,

N Alder Fbrest Geal-charn 27/477748 9 Jul 1981 Gilbert Fox & Purv1s, '

‘f(BM Lichen Herbarium, under Lecahora leptac1na Sommerf ) west Ross,

Vo /

-c. LOS Beinn Dearg, 28/259815, ong 13791 (ALA E), East Ross,

V=€l 106 Beinn Dearg, 18’ km SE of Ullapool grid reference 28/2681, .

1

Cogpin _t._l ex Coppins 10534 (E) S .j o

-

' Differentiation and Relationships Andreaea sinuosa can be

- distinguished from all other ecostate Andreaeae by 1ts strongly Sinuose
basal cell walls - It also has small spores, less than 21 um, unlike
all Andreaeae in the British Isles except the costat A blztti and
‘;the ecostate A. mutabilis.. In the field it can be cY:tused with forms '

‘.

| of A rupestris var. rupestris w1th acuminate leaves hat also occur on

fhigh mountains. Andreaea sinuosa however, has less sheathing leayes .‘_ff'

~

iwith more strongly incurVed margins.

' The relationships of Andreaea sinuosa do not appear to be w1th the SRR

;A.;rugestri group, perhaps it has its closest relatives among costate ,p‘

’;taxa in sect Nerviae, members of which also have sinuose_gell walls, ‘
f,axillary hairs with persistent mucilaginous cells and infrequent spore ]

.abortion (Murray 1987) ‘ﬂ;igvf' f‘v ];.Jf*; T ;,”‘;
e ', , ,.\- L g ‘-
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9. . Andreaea mutabilis Hook. f. & Wils. (Fig VI-10)

RV

Londevg, ggt. 3.'536. 1844 A mutabilis var. microphylla Hook.. f.&

| Nils , Lond J. Bot. 3: 536. 1844 Types Auckland"Istands,; J. D. .
Hooker 50 (lectotype chosen by Vitt 1980 Bﬁ- ilson!"isolectotypes4
BM- Hooker' BMI, FH1, ,ALTA!). Campbell Island J D Hooker lb (syn-‘ B

A ,
. types; BM¢W1lson!, BM:Hookerl FH' ALTAI)

-
‘A

, A getroghilg Ehrh ssp tenella Kindb Eur N Amer Bryin 2 393

1897 syn. nov nov. Type Spain, Pyrenees, hospice de Vénasque, August

-~

1855, Kindberg (holotype S- Kindberg' isotypes B ,_,_S!)..

AR

| A hohuanensis Chuang, d. Hattori bot. Lab 37 427 fig. 3. 1973 _Zﬂ \
ljyyg;, Type Taiwan Nantou region Mt. Ho- huan shan hgang 5914 |

(holotype: UBC!). ) e .
oy .." : "‘l‘ o . a \

K
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.“Plants. small rarely medium-sized purple red to black sometimes “", .
glaucous (from dense papillae) or green-black g~Protonemal appendages 1;;
‘L not seen. Stems rarely over 1 cm, higB Axillary hairs often with lf‘;wﬁa

persistent broWn mucilaginous cells Juvenile leaves laneeolate. :f;

St

: Qd Mature leaves when wet spreading, when dry erect-spreading,_not clasp- t'f*

Jvl

ing, sometimes secund often distant. usually less than 1 mm long. to e

about 0 35 mm wide, lanceolate, usually symmetric, apices acute.vffﬁ{ff

margins often 1ncurved. entire., Costa absent Lamina mostly unistr&t-

) "‘l
i

B ose, occasionally locally bistratose above. Upper laminal celgs round

f}l “to oval 9 12 pm. thick-walled pltted, papillose.i Transition from ’“”T;}

.

upper to basal cells gradual, cells papillose.to near base. Basal v

: “‘. Sl
‘f, cells at margin isodiametric to oblate, central cells Elongate, ,/ fﬁ;“a S

PR o R TN, S . woe




'fthick-wailed ]1ttle pitted, an 1rregu1ar]y shaped yellow patch often fnt@ﬁ“

seen 1n leaf bases.‘ C]adautoicous.' Perigonia numerous, crimson,
paraphyses not seen., Perichaetfa] bracts different1ated, sheathing ahd’ “x

convo]ute., Capsules common, sma]] less than 1 nm lqng Spore abor-'i

tion occasional, spores 12 21(very rarely to 32)'um

0 ' N . N . L I
' \ 'h'.,.l‘ \ . L v o

: . e ‘ (I : i . o . ..
PR . A : L o . . . " EU - \
f ] ‘ B ' [N “ ' l } N

'f?: ‘ Ecologx On dry to wet ac1d1c rocks (granite andes1te, basalt

quartzite), occasiona]ly on humus over. rock A mutab1lis occurs most .

TN Y

frequent]y on mountalns between 600 1225 m. (several co]lect1ons between Y

150 250 m) Occasionally closely assoc1ated with other’Andreaeae,u

‘ espec1a11y A. rggesgiis and A. alpin T

\
B} e “ L I
' . o \ , . . .
i A iR o vy .

.\ ‘ ' e ;. " ‘\, . s Sy ’ Vo ""i;.' .
Distribution New to the Northern Hemlsphere, 1nc1ud1ng~the

Britfsh Is]es, where it 1s occasiona] in Sqotland and rare 1n northern

A

V,England and North Wales.. Of the 80 odd col]ections seen from Brita1n

about 77, per cent are from Scotland 16 per cent from northern ¥ngland
,and 6 per cent from North Wales I have also seen other European ;l\ wi,%;"
materia]\frdm France and Spain and one collection from Canada (Br1t1sh Lo

,,CoJumbia)

' Ecuador, Argentina,

",

"o ' Ve

Austra]ia.

J"”_istan da Cunha, Kerguelen Is]and,
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Specimens studied (Ca 80) ENGLAND West Lancashire, v.-c 60

Greenbaok Fe]] grid reference 34/66 Oct 1899 Hilson & Nhe]don

(NMW),,North-west Yorkshire v -c 65, Cant1ey Crags, 34/6896 May
1905 west (BM), North Northumberland v. -c 68, 36/82 Sep 1930 J B
DUncan & Lobley (BBSUK), westmorland, v -c 69 Helvel]yn (4 BBSUK

BM DBN, E) Cumberland vv—c 70 (5 BM E NMW) HALES Caernarvon-
f%vi sh1re, v -c 49 Snowden vic1n1ty (5 BM E NMw) ' SCOTLAND K1rkud-
br1ghtshire 6 -c 73 Moorbrook Hi]] 25/6198 Oct 1951 Milne-Redhead o

(NMN), Lanarkshlre v -c 77 Tinto H111 26/9534, Jun 1935 Mackechnie '
(herb Hallace), F1fe v Ry 85 G]en Queich 37/00 Apr 1904, Evans
(E) Nest Perthsh1re,v ‘-c 87 Uamh Mhor, 27/6811 Aug 1866 McKinlaz : A
(BM H) Mid Perthshire v. -cs 88, Ben More, 27/42 Jul 1875— Qg__g_ L
(BM H) Angus ‘v, -c 90 Caenlochan Glen 37/1777 Ju] 1985 ___[rgx &‘
vé'j ngg (ALA E) South Aberdeensh1re v -c 192 (6; ALA BM E herb \
:vp*; Wa]lace),,Banffsh1re v -ty 94 27/9999 Ben Mathui Jul 1909, Wi]son
};éf & Nheldon‘(BM DBN E NMN), Easterness, v.-C. 96 (11 ALA BBSUK BM .
,\‘}; NMw herb wallace), Westerness,‘ .=C. 97 (20 ALA BBSUK, BM,.E,G,yW‘:
lﬁ'.;NMw UBC,_herb Na]1ace), Ma1n Argy]], v -c. 98 (9 ALA BBSUK BM,‘E f;iw;
'g,fijMw), M1d Ebudes, v.-c 103 Mu]l, Ben More, 17/5133 Aug 1966 Qgglgx P
}fﬁy?f(en){’\ést Ross v.-c. 105 Beinn Dearg, 28/259815 ngg 13789 (E)

D1fferentiation and Relationshi’l Andreaea mutabilis 1s easiiy

"Lf,\recognized by 1ts basal cel]s that are marginally isodians;ric and -
R o) o
".{'Q;centrally ljttle pItted There i 3often acitriking yel]ow patch at theq WO




,‘other ecostate species with the result that the npn—clasping\ieaf gt o A
‘ z : Lo
”'fbases and 1nsertions are’ often c]eariy v151b1e In the fie]d A V-‘"

mutabi]is is likely to be mistaken for A ugestri or A. aipestris,
e~ ;

\ 'but it tends to occur 1n small flattened spreading cushions and to be 'le '
-'purple red (rarely,glaucous from dense~papi]1ae) in coior It is often |

)
!

rECognizable by the smali flattened cushions with numerous tiny crimson'f~ N

"male piants Andreaea mutabiigs has been considered a diOicous o ;‘ {

v "“

;species but I have seen cladautoicous.material from several British
'qiocaiities and from Tristan da Cunha : : , | ,“ "|' . ‘.,
It is interesting that a]though A mutabilis was’ described (from ‘d kN
'Australasia) by the British botanists J D (Hooker and w Nilson , ‘.": 4i‘1<j
a(Hooker 1844). they did not” recognize it in Britain A]though he:did -
fnot notice the diagnostic isodiametric basal marginal ce]]s wilson did l
- mention the non-cTasping ieaf bases (key in Hooker 1844), and wilSOHHE\V
“and Hooker did describe the conspicuous yeiiow bases (Hooker 1845). ‘
kiMcKinlay 's col]ection of A mutabilis from Uamh Mhor (reported by ‘,h‘::ni ‘
. Braithwaite [1880-1887] as A getrophi] Var., igestris) is present in Jf(~f_
;Nilson s herbariu“.in BM with(drawings and a note suggesting it be ‘ S
'Hcompared With A sparsifbii Zett “and that according to Schimper it is.

:L“aipestris var."f There is also another note on the herbarium sheet 'g;:{‘}af

vy

h

- “I also enclose a. scrap of A algestri from Uam Mhor authenticated
fby Schimper as a var. ad A Eetroghil var. graciii vergens ..,.Mc " _
{Kinlay in 11t. 7 Aug 1866 L ”;1g;-lf fﬁ? g ;, 'wz., J“,ﬁ’- = _fT"{{a”glf'

~

o

“?P Many specimens cited by Braithwaite (1880 1887) as variqus variet-

,-‘I.‘ T




|
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(Braithwaite 1880 1887 as a variety of A. Eetroghii Smith 1978 as a’
var1ety of A obovata) is referab]e to A mutabilis. i -

Another eminent British bryologist with Southern Hemisphere

Y experience with A. mutabi]is was H. N Dixon Dixon (1929) tried to

+

.sort out the 30 or so Andreaea species that had been ded from New .

q

Zea]and After much he31tation he synonymized A mutabilis and A

"

; rugestri (as A Qetroghii ). It 1s clear from- his writings and

A
'

"]: annotations that he: did not.understand A. mutabilis,‘Siqce the only

character he ton51dered important'for it. was the occasionai]y crenate ;

It

leaf margin which he sa1d he observed 1n some of Hooker s originai

material * Leaf margins of A mutabilis are entire, my study of speci-,

. mens annotated by Dixon shows that he confused several taxa in the A.

" acutifolia group‘with A mutabilis, most often A acuminata M1tt

Later Dixon (Dixon & Bartram 1937) recognized a- p]ant to which he gave

the name A. chimger Dix., as. a spec1es distinct from A ruQestri on

: account of among other things, 1ts isodiametric basal marginal ce]ls,

N

but he_ did not recognize\it as the same as A mutabilis (Vitt 1980)

, As had Schimper, Dixon when studying material from Britain referabie

- to A mutabiTig.ptended to ca]] it A a]gestri (as A. Eetroghil var,’

) .
lgestris ‘ YA spec1men 1n BM (Cairngorm, July 1930 Knight Jones & ‘

Duncan) was 1dent1f1ed as var. gracili which was crossed out by Dixon
and replaced with var. aigestris. There is in addition a note by
Dixon ,“I do not th]ﬂk this 1s the var graciiis which has rather

/

]ong distant ieaves. It may, I think very weii be var aipestris Thed

: which cont1nenta1 botanists seem to find as distinct but I cannot find

\ S .
BN .
- -1

A}

~

<5
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The systematic relationships of A mutabilis are unc]ear It does .

not seem to have close’ relattves among other ecostate spec1es w1th
;‘ 1sod1ametr1c basal marginal ce]]s (dfstributed in the Southern Hemi-

sphere), except perhaps}A eiophxll Card ex Roth

“10. Andreaea ﬁbpestr1s Hedw gﬁ_ Musc. Frond 47., p] 7{'figl 2g-o0. -
1801, Types Europe (ALTA ex G~ Hedw19 )

A

' s-]-

,Ag petrophilaﬂEhrh.A§5 Firnr., Flora IO(Beibiﬁ'Z)s 30. 1827.

P]ants med1um s1zed to 1arge, green bronze red- brown to black
Stems rarely more than 3 cin hlgh , Protonemal appendages seen. JUVe—‘
nile leaves ovate to lanceolate, acute. Mature 1eaves varlable when
Wet widely spreading to squarrose, ‘when dry appressed spreading, ;' =
squarrose, or sometimes 1mbr1cate,,straight to secund ovate- to |
oblong-lanceolate, little constricted above bases or pandur1form,\ -
broadest above or below constr1ction usual]y less than 1 mm long ‘and
0 5 mm wide, apices usua]]y 3b11que often secund often incurved

obtuse or acute, short or sometime long, gradually formed marg1ns

p]ane or d incurved Costa absent Lamina unistratose, upper cells e

quadrate to short-rectangular, lumens var1able, rounded oval to
1rregu1ar. steilate or short-rectangular,‘about 8- ]0 um W1de, wa11s “1
usually thick 2-6 um, usually strongly pitted collenchymatous, dﬂ/f,lf »

N

characteristically with prominent, wh1tish cut1cu1ar dorsal pap111ae

';basal cel]s *: brupt.a Basal leqf cells var1ab1e, short- to long-

that‘are 1onger than wide. sometimes epapi!lgse.‘ Transitlon from upper _‘fh“

frectangular,,lumens wider or much narrower than walls, bulging ar not, [[;fﬁlfﬁ
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wa]ls pitted, sometimes strongly 0. and nodose Basa] marginai cel]s

o
,‘.’.‘.
e
]
n

quadrate obiate or short rectangular Cladautoicous." Perigonia

%) ' V'v“,-,v"

smail paraphyses few Perichaetiai 1eaves differentiated sheathing

and conv/)ute usuai]y strong]y papillose. Capsuies commpn, medium

51zed about 1 mm long Spore abortion freqﬁénf) shrivelled brown i

T spores ueuai\{ 20-24 ym, turgid greeh spores\?ﬁ 32( 48 ‘rarely. 1arger)

o e ) ) IR : ) ' . \ b N T . 'f .
um g ‘ ‘ e . ‘ a0 A S o
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10a. Andreaea=rupestrisjvap,“rupestris‘(Fig,fVIelia:h\i[upper];j;k,m%'-f'
S e | Y S IV
p) . T Lo

Nomenc]ature The follow1ng varieties of A. rupestri (as

| of A rupestri in Schimper s herbarium at BM, and I' have not been abie

Y

oA

\ - Eeti‘O‘ "
th]a) Qescribed by ‘Schimpér (Bruch Schimger & GUmbel 1855) have been

repdrted from the British IsTés (e g. Braithwaite '1880- 1887), vars.

acuminata f]accida kylvicola, and gracili ﬁl'have examined material

to typify these names -nor do m:;;’i]lustrations in Bruch Schimper &

Gﬂmbel (1855) appear distinct from forms that I consider var. rupes-

‘- tris As discussed in Chapter Vv, Schimper ‘himself attached 1ittle

importance to the forms represented“by the names. He stated that he

Simpiy wanted to describe the diversity he saw within the poiymorphic e

Vs

v

, spec1es. Sharp (1936). Without examining types, treated A Eapillos

Lindb and var. acuminata as synonyms but I do not think that there is

evidence to support this dec151on. ~“5;' “*-"T‘jf o gl

1" :species, @) rupestri and to prevent unnecessary naming Pf new ;ﬁ“‘::ﬁl-~*

v
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Plants rupestra‘s'very rarely on lithosols . Stems rarely more

than 3 cm high Leaf apices short or long, gradually formed. Papillae

h] : .
.“(when present) longer than wide but rarely twice as long as wide,. - éj’

N ‘ T v
Ecologx. Most commonly forming‘greenish or black cushions on_

A

;il ‘neutral to acfdic boulders, cliffs or walls (basalt, m1ca schist,

¢‘~sandstoner gran1te) that prﬁ dry or seasonally wet; also 1n'snow beds.

Z' Very rare on lithosols Found 1n lowlands and mountains (from near sea

, e

L
level to about 1225 m).. Often 1n dr1er sLtes than most other Andreaea

'y
1

species Apparently widely tolerant\of various ecological factors

r

" (aspect. elevati7n substrate mo1st$re), usually assoc1ated w1th other
,Andreaeae, 1nclu?1ng most spec1es fodnd in the Br1tish Isles The only
/ Andreaea habitats that seem unsuitable for var. rupestri are gont1nu-

ously wet sites sﬁch as streams aqd~f1ushes ' S
) \ / Y
1 \' s 1 R

L] " . v ' ‘ /

Distributlon Common in suttable habitats throughout the Br1tish

[

Isles However much more. frequent\\n Scotland than elsewhere Almost
60 per cent of the mater1al seen came ?Fah Scotland and about. 10 per
cent from‘Ireland 12 per cent from Wales, and .18 per. cent fnom Eng-
| land Ighave seen material from abou% 72 vice-ceunties from southwest- .
:‘ern England to the Shetlands and throdghout Ireland Reported from 85 -
vice-cdunties by Smith (1978) and from: 92 by Corley & Hill (1981)
»~have not seen material from the followlng vice-count1es reported by
| Cerey & H(ll (1981) 1n the herbaria whose speclmens T have studied:
"-,'v.-c. 1, 43, 47 63. 71. 4, 7, 7, 100-103 107, H1, He, L AE

‘;HIZ H27 The followingirice-counties apparently have new records of

t,A

g;var. gestri : - He. and H34 (cfted.below) e

.
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Of approximately/g/70 specimens of var. rugestri 'studied ~about

35, or 6 per'cent ad fedtures intermed1ate to those of var. papil-

losa. These spec1me s in wh1oh only some 1eaves had abruptly formed

—,—

long apices olcur throughout the range of var. rupestris and appear to

- be of no taxonomic significance. An asterisk (*) following a vice-

couhtf in the 1ist of specimens studied, indicates that intermediate
Y e .
material was seen as\hell as typical var. rupestris.

A widespread taxon\\ nown elsewhere from Europe the Caucasus,

Asja, Japan, Pacific Islan R and North Amer1ca Reported from Central

IR

and South America, Antarcticz, southern Africa, Tasmania and New

g

/ ' “\

Specimens studted (€5. 570; from v.-c. 1,3%, 4, 40, 41, 42*, 44+,

45+, 46, 48*,.49%, 50, 59, 60, 62, 64*, 65*, 66-68, 69*, 70, 72, 73,
75, 78-80, 8L*, 82-91, 92%, 93, 94%, 95,;?6*, 97*, 98, 99, 104-106,

108-112, H3, H4, H6, H8, H13, H16, HZ20*, H21, H29-H31*, th-H37, H38*;'

H39*, H4Q). IRELAND: Mid-Cork, v.-c. H4, Musheragh Mt., grid referx

ence 10/3285, May 1851, Carroll (BM); East Donegal V.-c. H34, Inisho~ -
m———— S ) . ) i

N ) .
werr Mt . 24/34} no date, R. Brown (BM). ‘ .' A

.
- Q -
e .

. . .

. D1fferent1at1on and RelatIonsh1ps Andreaea rupestris is a

polymorph1c species as is 1ts var, rupestris. Variety rupestri can

usually be dlstinguished from other ecostate species by the combfnation
of asymmetric, secund, papillose Teaves with nectangu1ar basal marginal
cells, p1tted to hodose (but not sinuose) thick-wa11ed baSaT centalk
cells, co]lehchymatous upper ce11s, and by 1ts medium-sized spores. |

L 3

Andreaea rupestris 1s closely related to A. alpestri (1t is not '

. . . . «
f!-‘ . [N . " *

3 . ¢ ? " ‘. |
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without hesitation that' I treat them as separate specfes). Experimen-
tal growth studies are required to assess or try to solve the taxonomic
problems of A rugestri s and- its al]ies Sma]lwforms of var. rupestris

:with less secund leaves, few or no apparent papillae, and less pftted
~and colienchymatous cells than typical are very difficult if not
impossible to place. ‘If leaf apices tend to be secund, laminae uni-

stratose, and at least some cells are p1tted;'collenchymatous and

\pap1llose, I treat the material as var. rupestris. Variety papillosa
shares the same variability but has leaves with long and abruptly
formed:ap{ces. Leaves of var. rupestris (and var. @agfl]oSa) are often
panduriform and symmetric,. but they are usually stZOnglypapillose and
the tdp'ds\usually oblique’ which distinguishes.them from A. obovata (= -
‘A. hartmannii), another closely related species, which is of doubtful
occurrence “in the Br1tish\Isles and is- not treated here | |
A]though the most common form of var. rupestris has leaves with
short, obtuse, secund apices (Fig. VI< lln,o), there is another occa-
sional form in mountains with acum1nate leaves (F1g VI 11m). Th)s
form has usua]]y been ‘called var. acuminata Schimp. In Britain this
material, “has sometimes been treated as yar. Eagﬂlosa, but I (arbi-
trar;?y) treat it. as var, rugestri sfnce the acumen is gradual]y

: rather than ahrupt]y formed

10b. Andreaea rupestris var. Eag1llos (Lindb ) Podp (F1g VI- 11 1'?
~[ower], 1) | ‘ '
‘Consp. Musc. Eur. 45, 1954.. A, Eagﬂlos Lindb., Ofv. K. Vet. Ak :

Fdrh; 23:.5521.1867 A obovata Thed var. gagi]losa (Lindb ) Nyh
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I11us. Moss F1. Fennoscand. 2(fasc 6):‘691. 1969, Iypes:-Spitibergen

(syntypes: H!). . e ' S ) o
- . .{) . A \

A. sparsifolia Zett., Monogr. Andreaearuh Scand.  32. 1855.  A.
obovata Thed. vart sparsifolia (Zett.) Nyh:, lllﬂi-,ﬂEEE.fl-
Fennoscand. 2(fasc. 6): 691. 1969. Tyoe: Norway (BPS!. BMI, S!').
Plants smaii, or (on 5011) commonly ]arge and robust Stems often
‘over 3 cm high In robust material (extra territorial) leaves to about ;
2 mm long and’ 0.6 mm wide, apices acute often very long and abruptiy
formed from ovate bases. Prominent wgitish cuticular paS\TTaé often
over twice as long as wide, rarely low and‘inconspicuous.
.Ecologz.‘lLittie information from Britain-is available On aCidic
rocks in mountains In the Arctic var. gagiilos often grows on

iithosois _ ' .

Distribution "Very rare, The few collections that I have identi-

fied as.var. Eagiﬁlos do not represent typicai robust material
-Primariiy an Arctic taxon; found to the south only in mountains of
northern_Europe, Asia aﬂd North America British material is from the
:southern edge of its range and is depauperate (even equivocai)"
.Reported (as~A obovata var gagiiios ) from 17 vice- counties by Smith
(1978) and. from five by Coriey and Hiii (1981) Most of their records

probabiy fit my concept of aCuminate var. rugestri (Fig VI llm)
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Specimens studied (4) ENGLANb Cumberland v.-c, 70, Swins1de
[Swineside], Keswick, gr1d reference 35/2422, Jun 1879, Wild (BM). ‘
WALES: Merioneth, v.-c. 48, near Dolgellau Jul 1964, Townsend (herb
Townsend), Caernarvonsh1re V. -C. 45' Carnedd LTeweTyn Sep 1978

Townsend (herb Townsend) IRELAND South Kerry, v.-c. Hl1, Mt EagTe, R

/4“00/3398 Apr 1857, »~ N0 hol]ector (BM wilson) . | ‘ B (fl
./Y(\ I

|

'Differentiation Distinguished from var. rupestri by the much

Tonger and more abruptly formed leaf apices (Fig VI- 111) and by its
.frequent occurrence on soil (outside Britaln)‘as well as rock. Small

; rock forms with gradually formed very Tong apices are difficult to

) treat and taxonomic decisions are arbitrary. Mose Tong- t1pped mate-'
'rial from Britain has graduaTTy formed apices (F1g VI llm), and I hdve
referred this materiaT to the var. rupestri Fig 29: 5 & 6 of A.

"‘obovata var, _p;pillosa (in Smith 1978) appear to me to represent

A Tong tipped var rupestri rather than var. papillos . ATthough var.
_~Eapillos is very distinct in the Arctic to the south it is dtfficuTt
‘tb separate fnom var. rupestris, and the variation may prove to be
‘clinal (see Chapter V) Sharp (1936) considered A. rupestri var | .
;acuminata Schimp; a synonym of A pagillos . I agree w1th M&rtensson i]‘,i» ‘1.
.'(1956) that in‘the absence of type materlal for var.’ acuminata and with '
a pTate (Bruch Schimper. & debel 1855, p] 2(624) that shows Teaves
1ntenmediate between the two varieties as weTl as typicaT of var, |

r!

"a'illosa, it 1s preferab]e to accept Lindberg s name., The polymorphic




. L:gbrown, brown black to b]ack. occasionally reddi§ﬁf"‘5tems 1-4 cm hfgh;;yg;Tﬁi
nﬁi:’Leaves quite-dnifbrm;ef

'

, e R
. 1969). Nyholm S pos1tion is one to which I have little troub]e sub— o

"scr1b1ng, having seen material of ver. gagil]os with pandurifonn

leaves and apiees of various 1engths that is very c]ose to A.‘obovata
'(Schimper s A getroghi] var robusta is probably this plant [Bruch,
fSchimper, & Glmbel 1855] ) The situation clear]y cannot be SOrted'out
without experimental work. Meanwhile, I.feel that arctic material -of
‘var. Qag1l]os is_so distinctive that 1t should bé recognized taxonomi—_
cally And since panduriform leaves are’ not uncommon in var. ruEestri -
~and well- developed wh1te papi]lae are not characteristic of«A. obevata,‘
e
| “B..

1 am treating var, Eagillos as closer to var. rugestri than to A

. obovata.
=<

The reports of A. obovata var, _Agarsifolfa (Braithwaite 5880 1887

as A. Eetrogh1] var. sgarsifoli [Zett ] Lindb Smith 1978) from | f o

J 1

Britain are based on a m1s1dent1ficat1on The co]iection (Ben More,

O

Georg [BH, H]) s A mutabills IR A

.
e '

Andreaea alpestris (Thed ) Schimp ’(Fig VI 12)

h\\

_In Bruch Schimper & Gﬂmbel Brze] Eur 6: 146, p] 4(626) 1855

A Eetroghil FUrnr. var algestri Thed Bot ‘Not. 5 79 fig 45- 47 -
)

h.1849 A rugestri Hedw. var. lgestri (Thed ) Shar .. in Grout, MoSs . -
: ,;F1 N Amer. 1: 2 1936 Type' Sweden, Herjedalen, Aug 1842 REETRPREE

i

B 8

SRR e L
Plants medium-sized (1n Britain) to. 1a?§e, characteristically

o’

'he: wet-wjde1y sbreading from w ;sts. when dny;ﬁi

ffy'imbricate and appressed. very rare]y secund distalTy st'ff'or soft.




b

. ‘ ‘ ' ‘ - ’ S .
lanceolate. usually l1ttle constricted above bases; rarely*pandurlform,,“‘
0 5-1.0 mm long, rarely longer, 0 25 0 4 mm wide apices stra1ght or‘

l occaslonally obllque. short incurved obtuse, rarely acute margins

t

plane or slightly ﬁncurved Costa absent« Upper lamina unistratose ro

often w1th 1rregular central bistratose patches cells regular, +
quadrate lumens rounded to oval (7)8 10(11) pm w1de, walls usually

‘ thin, 2- 3(rarely to 6) um, not pitted weakly collenchymatous, pap1llae |
present but low, 1nconsp1cuous 1rregular, not white, dorsal, ventral
also only‘in bistratose patcheSt Cells become very gradually longer
toward leaf bases Basal cells short rectangular, lumens often bulg-
ing. up to twice as wide as walls walls weakly,pitted Basal marginal, ff“
cells oblate, rounded or short rectangular Reportedly aut01cous |
Perlgonia small paraphyses faw Perlchaetlal leaves d1fferent1ated

‘ sheathing, convolute,.‘with low, very rare]y whit1sh pap1llae Capsules.,‘_
1nfrequent small to medlum-sized usually less than 1 mm long Spore l
abortion frequent, shrivelled brown spores 16 2l um, turgwd green ‘

o
.

‘ spores (21)28»26(32) um, very rarely over 30 pm

,L\;', A a“\

‘ Ecologx In wet to dry, or seasonally wet habitats form1ng small

L >
cushlons\on rock qr large mats on lithosols in alp1ne areas (1070-1250

T

« t_'.

Distrlbutjon;l Very rare in Scotland I have seen one depauper-“

;..l
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vice counties 86 88 98 and 110 and 1 can: add a record for vice- | o

\county 106 A

' \

Primarily a northern spec1es, known from Europe, U S S.R., North

-

i America and Greenland Othen reports are doubtful. since most south-

\

Qern material reported is misidentified Jf

2

Specimens studied (21) NALES Caernarvonshire,i .~C. 49

Snowdon gr1d reference 23/6054 Aug 1879 Cash (E) [scanty material]

‘.'A-SCOTLAND Angus, v.-c. 90 (4: ALA, BM, “H); “South’ Aberdeenshire, .-C.

.92 (6; ALA, BM DBN E), Banffshire, vl-c. 94 (2 BM, herb Nallace). |
.:/irEasterness v.-c .96: (2; ALA E); westerness, .~C. 97 (5 ALA DUKE |
;jr‘E UBC herb Wallace), North Ebudes V.=C. 104 Rhum, Ruinsival )

N 17/3594 ‘Jun 1941 Heslop Harrison (herb Wallace), East RBss, v. -c

. 106 Beinn Dearg, 28/261814 Long 13807 (E), . ';-n(f R

.;‘. o ; . o -

Differentiation and Relationships. A alpestris is morphological—
ly uniform Important features are the slender stems. that appear }, . f;a‘;
a f'thread like and are usually a soft brown-black shade. occasionally a’

N,

afx.glossy blaCK The apices of the 1mbricate leaves.are usually obtuse,’:“ ; ]

‘..lstraight and’incurved and papillae,‘though present. are low--not whitenﬂ
'fatfior conspicuous. M1Croscopically, it. is characterized by thin-walled

e?ﬁfgmostly unpitted cells Wlth rounded lumens, and in many specimens

2§Jf°5transition in““”

i ’;Cbistratose patches occur in occasiOnal leaves in the upper lamina.?‘lhev o

l*length frOm leaf baﬁ
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ariab]e Sma1l forms of A alpestri on rock can be very difficu]t to

) distfnguish from A rugestri and‘sometfmes the d?st1nction 1s arb1— :

te

H

tions are of small roCk forms 'which cause difficulty.p Most mater1al ;
have seen previously 1dent1f1ed as A a1pestr1 from Britain 1s better

referred to A rupestris var rupestris or A"mutabilvs o fa'

| ‘It 1s with great hes1tat1on that I treat A lpestrI ‘as a spec1es

> trary Andreaea alpestris is very rare 1n Britain and most collec- S

rather than as a: variety of A rugestri . Unt1] experwmental propaga- ;

‘ tion is done, any judgment is. doubtful : For now, I choose to emphas1ze

\

the weak morpho]og1ca] distinct1ons bu]g1ng lumens, ]ocal]y b1strat- o

ose apices epapil1ose leaves and somewhat smaller spores, a]ong w1th

the tendency to grow in sterile mats on 11thoso}s, to: differentlate A

1pestri from A ugestr1 These features are much more apparent in ?" h

"northern than 1n Br1tish material mf\.'fﬂ‘ | o ”, o ."‘*;,‘j
‘ L) Lo ' . : T

P AU
T

i

Doubtful Speciesh»f:-* B ‘J" i
- ‘ ' Dok D

Andreaea obovata Thed The report of this spec1es (as A hartmanni1

Thed ) from Rhum (HeSIOp yarrison & Cooke 1942) has been cons1dered

doubtful by British bryolog'ists (R1chards ] Wallace 1950 smith 1978,

il
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.- . Table VI=1. Numbers and qjstrikup_ion o‘f‘A‘ndre.aee‘r species
. | | & ‘I ‘fw'.f't"ﬁin‘ ‘the Br‘it’isﬁ"lsl:‘gs" A
T ’r \ | Nur;lber' of "spec'ié‘sl“‘

'\'-“‘,TOt‘a]’ i Aip%ne 3 'L'owl‘ar';dvll; : I‘ndifflerent.';".‘ ¥
BeftishIsles . 11, e o 2, 3
'Scotland ST 6 2 3
CEngland T 2 - 3
Wales T DU g
Ireland g 00 2 2
‘ \v, ‘ . . : ‘ AR oo L K
| n ) 4
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‘~; ;_f ”"Tab]e VI- 2 Infrageneric classificatiOn of Andreaea w |

1n Britain and Ireland and numerica] list of . taxa

)"‘ . . :‘.‘

"" = 3 : .. .. o ‘Andrea‘e"a..Hédw‘, |
D T

N S"bge““s Chﬁ"l‘l@li_ (Brarthw ) Lindb. in Limpr' Sooan
N ‘ SGCUO"Ehas_mocm_ ‘ ‘ ~ .‘
1. A n1va11s Hook. L U ‘  ‘ ”,‘ Co . -

o 3
[ i

LN

* ' v N .
»
. ' ) . . ; ' .
. . X o ' . ) . . '
- | ‘ x ‘ /
oo ' ot

e . ‘ ‘Subgenus Andireaea
X e ‘ | | -
) Y 3 ’ '
2 \x . .

Section Nerv1ae Card ex Brogh ‘

2 A blxtt1 Schlmp o “‘”'_;‘ o

o j‘., 3.u A.,crass1nerv1a Bruch L o : Lo,

4 4{‘ fr1glda Hﬂb 5"ﬁ‘ .
C A rothii Web. & Mohr ssp erhmi T St

g Sb‘lﬂ oth11 ssp fa]cata (Sch1mp ) Lindb :ﬁ:ifﬁ RETRE L
,-‘ 6. _ﬁ meg1sto§pora B Murr. ssp megistospora  ‘fjf-‘ ;jj{' f'}”f.ﬂ}

\
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‘Tnblo vi-3. Coqurison 'of Aﬂdnaexftixa 1n sectfon Nerviae in the Bfintish ‘lslesv

[

" frigida

ﬂpino.(ex- ‘

te’rqd

bed) ‘wet to )
uuomlly

low dnd. scat-,
O \

absent ..

"1 ally- scatters.
,ed or absent .

... '| Europe and
’| North :Amarica.

1y very, ltow -

.and scattered -

Ve

1

and: dense, .

rarely lacks . high \
“ing 1n.some - N
plants within' PENNTAVIE
4, populatton .

reaching Tow alpine;

' predomfnatoly lowland. i

: °n_iry to occpshmally wet

Mzt(“ . crasstnervia o rothi megtstospora
i . ssp. Csspe .Y ssp,
! ‘roth{1 falcata © megistospora

Spore stze ' | smally (10)11- | mid-sized nid-s)zed, large, (30)36-52(60-80) um | very large.
v o ‘19(23 um ) (20)25-35(40) 20)26-36, > [ , 40)50-90

; . 40-50) um N {110} um

' . * - ) vt Py
’ . : ' i ' * ' N .
Leaf tsper mb £ ) Ianceolate or | 1mb 2 Mmb -+ abruptly fofmed Jimb 2

' abruptly 1imb gradual- | abruptly * o . abruptly °
formed . ly formed formed . C formed
' ‘ ! ! ' r T ot
) o N A

. - ) [ ‘ -~ o , D ; . o . A

Lamina §n indistinct distinct dndjstinct . | dfstifct . . indistinct distinct

upper part' o , ' ' * . . .| to distinct ' '

.of leaf i “ oo :

. . b ) v .
. ! o [
. R e e a .
' . " W C ! . i . ! !

Costa excurrent, - percurrent to excurrent, percurrent to | excurrent, - percurrent to
ey almost com- . |.excurrent and atmost com- ‘excurrent and | usually f111~ | excurrent and
N .| pletely £111- { f1iling pletely f111-" | f111ing tng upper fillipg

xY [ ing subula upperqost 1n9 subula ' uppennost subula, rare- | uppermost
Gt \ . part leaf part of leaf . ly percurrent .| part of leaf

b N PRI

i a0 | ! . ‘| .
" . ' . o ' ~

Transition"’ 1odist1nct + distinct, indistinct, * distinct, costa distinct,
batween . '}.costa’not costa bicon- costa not - bulging dorsally costa bi~

laminaand ° ‘| bulging dor- - | vex or bul? bulgln? ' -2, | convex'to
costa abovc sally, ing dorsally - dorsal . bul?lng dor-

shoulder T ' o ) . W

' N yom! — " " N 4

Mk " v f '

Basal mostl m:- ‘mostly mostly mostly o mosﬂy ‘mostly .
tnal . tangular - {sodfametric {sodfametric {sodiametric '} fsodiametric | 1sodiametr1,c‘\‘

cells . ' o . o - .. ' .

Sexvality ' | diofcous - | autotcous | aut'olcouél : autoicous sutolcobs - | eutotcous
. ”?" L ! . s ' K “ ' ! . ‘n ! . . - ¢
Ipapitiae’ papillae. - . . »papﬂlae papiilae, papﬂlae R .papillae ‘
absent.to present, usu- | absent, rare- | present, high:'| present, low

to rarely. -

‘ ‘gredomlnutely
. owland, ..,
|- reaching tow
alpine; dry.

' ‘ally- wet”

| to oceasione |- -

£urope:
-one Lollegs

and.

(reported: from tion sedn.

Mongolh)

from Oregon

. northwestem
‘Europe and: -

: North Americ; L




F1gure VI- 1 I]lustrat)ons -of Andreaea n1val1s a, habit ma1e

~ plant; b, hab1t plant with sporophyte . tetrad q’ shrive1]ed ‘.lj‘:¢;a§;#.,n'
“E‘Spores~ e turg1d and germ1nated spore f transverse sections of e
upper part of 1eaves, g, transverse sect1on of stem, h, axi]]ary hair, EEn e

* \

| i, cells 1n upper part of 1eaf 3, marginal ce]]s of leaf ‘base; 'k,
i mature leaves, 1* juven11e leaxes. (a e, f [two upper] g, k [right],: -

-1 from Cawrn Gorm 2 Aug 1984 Murrgy & Perry, ALA f [1ower]. i,

[Ieft] from Ben Nevis, Long 13547 , E h j from Aonach Beag, Long
13666 E) ' ‘ ‘

.‘\

B
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Figure VI-2. Illustrations of Andreaea blyttii: a, habit (dry),

female plant with perichactium; b, habjt, plant withlsporophyte; c,
traﬁ§verse section of stewm; d, transverse section of perichaetial .
bract, showing joint thickenings; e, surface view of cells of peri-
ﬂchaetial bract, showing joint fhickenings f, spores; g, germinéted'
spores; h, transverse sections of upper part of leaves; 1,~pfotonema1
apbendages; Jj, axillary hairs, 1ower‘from perichaetium; k, cells in
upper part of leaf; 1, marginal cells of leaf base; m, mature leaves;

n, juvenile leaves. (a, f, h [upper right], i, j [upper], k-m from

Beinn a'Bhuird; 13 Jul 1985, Murray_ﬁvLong, ALA;‘b from Alaska, Murray

11343, ALA; c-e, g, h [three to left], j [lower], n from.Beinn Dearg,

-~

Long 13798, ALA) o o
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Figure VI-3. []llustrations of Andreaea cras$inervia: a, habit,

plant with sporophyte; b, papillose cells of perichaetial braéts, side '

"view and surface view, c, axillary hair; d; transverse sections‘of

' papi110$é»and epapillose perichaetia14bracts; e, spores; f, germinatéd
spores; g, fransverse séctions of uppes part of leaVes; h,¢celfs in
ubper part of leaf; i, marginai cells ¢® leaf base; j, méture leaves;

—k, juvenile leaves. (a-d, g, k from type, Switzerland, Gfimsél,

: . o
Maerker, BM-Bruch, in herb."Schimper; e, f, h~j, .from Dhuloch,. 21870,

Fergusson, NY) - R _ , 5;\)
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Figure. VI-4 “IlTQstrdtiohs'of Andreaea frigida: a,ﬂhablt.;

c]adautoicous,p}ant with male branch (left) and sporophyte, b, Spores,.‘

C, germinated spore; d, axillany hair from per1chaet1um, e, epap1l]ose
ce]ls of perichaetial bracts, side v1ew and surface vieﬁ’ f, trans~
verse section of perichaet1a1 bract"g, transverse sectlons of upper ‘

~ parts of 1eaves, hy cellsf?n upper part of ]eaf 1, ce]]s of leaf

" base; j, juvenile leaves; k, mature leaves. (a‘ from Ben MacDhui, Ju1

1856 herb. Meldrum, E,-b ¢, from Ben MacDhui, Aug 1854 Croal]

. P]ants of Braemar No 72, BM; d _from R1esengeb1rge wihan in Musc,

Eur. Am Exs. 2002, NY; e, h, i, k [left], from Ben@yathui “Jul 1835
Croal&a BM f, from BEn Mathu1, Jul 1873, Fergusson, E; g [ two
uppqu, from Transylvanian Alps, Peterfi\fn F] Rom Exs. 2604, B; g,

[lower], from Riesengebirge, deengraben, no date Kern s.n., B J,
. 4‘" '
.'gTom Switzer1and Grimsel, no date Schimge BMTHopker) L‘
A i " RSN -
B W‘IVN“I

i\

H R
. [N
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Figure vx;s ustrations of Andreaea rothii ssp. rothii: ‘a,

habit, sterile plant w1th Juvenile shoot from pgotonema; b, surface
\"views ‘of cel]s of perichaet1al bracts, ep§p1l]ose (leYt) and w1th lTow,
{scattered papil]ae (right), ; side v1ews of ce11s of per1chaet1a1
‘bracts epap1]lose (left) and w1th low, scattered pap1llae (r1ght) d,

“\
transverse sections.of per1chaet1a1 bracts, epap1llose (above) and

- w1th low. scattered papil]ae)(below), e, transverse section of epapil-
lose perichaetial bract with some JOInt,th1ckenings, ]eaves (a,

e, f [right]r from Haddington Sep 1928 J .B. Duncan ALA; b- d from

| {1sotype of A. rothii var hamata Lugg1e1aw \du4 1873 L1ndber9, NY; fF

[two left], Loch Maree g 13850 E) .
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F1gure\VI 6.. I]]ustrations of Andreaea rothii SSp fa]cata ‘a,'

habit, plant with sporophyte b tetrad from 1mmature cépsu]e, spores_

~oostill hyaane, C, spores, d, germ1nated spore, e, tfansverse sect1ons‘

'"iof upper part of 1eaves, £, cele in upper part of 1eaf g, margfnal

cells of leaf base, h, axillary hair, i, pap1llose cel]s of per1chae- ¢r o
'

[ L

tial bracts. side view: and surface view, J, transverse section of

‘ per1chaet1a1 bract, k mature leaves, 1, Juveni]e leaves (a d,

from Pass of Glencoe 31 Jul 1984 Murray & Perry, ALA b from énﬁﬁ‘

‘ﬁEsk Sep 1945 u. K Duncan 'E;. c. [upper], f g, from G]eann DuBh Ju]

‘1978 Schofield UBC" B36259 c [two lower], e [1ower], . 1, from

»

”;Plynlimon, 12 Ju] 1984 Murray & Perny, ALA e [two upper], k froma .

,‘Pass of G]encoe, 31 Oct 1982 Murray & Long, ALA; J, .no data, from

-

st

lﬂnw1lson Musc Brit 3 MO)

S
@ -
co
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Figure VI- 7 I]]ustrat1ons of Andreaea megistospora ssp

megistospor a, habit fema1c plant with perichaetium; b habit |
'v(dry), p]ants 'with sporophytes c, transverse sections of upper part .
: of 1eaves d, cells in upper part of leaf e, marg1na] ce]]s of leaf
‘abase, f, axiTIaTy hair; g, transverse sect1on of per1chaet1a1 bra ty
h, germinated spore, 1, brown spore, from immature capsu]e Js pap11—‘
lose ce]ls of perfchaet1a1 bracts, side view and surface v1ew, K,
fitransverse sect1on of stem, 1, Juveniief;eaves m, mature ]eaves '(a,
c-g, f—f m [left], from holotype Pass of G]encoe 31 0ct 1982

p

- Murray & Long, ET b, from Br1t1sh Columb1a Schofie]d 24985 UBC h,

from British Columbia Ha]bert 7594, UBC; m [rlght] from Ben Nev1s, i '

| ”Aug 1984 Muru & Peu, ALA)

@
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Figure VI-8. Illustrations of Andreaea alp1na a, habit’/plant

with sporophyte; b, shrivelled and turgid spores, ¢, germinated spore,

£

d, trgnsverse.sect1ons of upper part of 'leaves, e, transverse section
of leaf base; f, axil]ary hair; g, cel;s in upper part of leaf; h
marginal cells of leaf base . mature leaf with long attenuate aped®
j, mature leaves. k Juvenile leaves. (a, from Beinn na h Uamha, 4

Schofield 69343 UBC; b, from Ben Lawers, Ju] 1808, W. J. Hooker, BM;

c, from Plynlimon, 12 Jul 1984, Murray & Perny, ALA d, g,’h, j

[left? from Meall nap Tarmachan, 30 Oct 1982, Murray & & Long, ALA; e,
J rright], from Meall nan Tarmachan, 15 Jul 1985,' rray et al., ALA;
1, from Cym Idwal, 26 Jun' 1954, Evans et aly, S; k, from Caenlochan

o Glen. 14 Jul 1985, Murraz & Long, ALA) . e
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Figure VI-9. <Illustrations of Andreaea sinuosa: a, habits, left

*» with sporophyte, right (dry), shdwing juvenile leaves; b, transverse
section of stem; ¢, tetrad and spore; d, germinated spores; e, axil-
lary hair; f, transverse ;Bﬁtions of leaf base, showing joint thickL
enings; g, transverse sections of upper part of leaves; h, ventral

view of~celis in upper part of ieaf; i, cells of leaf base and‘axi1~

tary hairs; j, mature leaves; k, juvenile leaves. (a;f, i-k from

. holotype, Canada, Schofield 74208, UBC; g, h, from Canada, Schofield

37892, ALA)

AY
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Figure VI-10. Illustrations of Andreaea mutabilis: a, habit,

‘male piant; b, hqbit, piant with sborophyte; ¢, ventral vfew of’leaf
base and insertion, w}th axillary hairs; d, transverse éection of

stem; e, tetrad and spore; f, germfnated sbore; g, transverse section .
of upper part of leaf; h, ventral view of cells iﬁ upber part 6f leaf;
i, cells of leaf base, yellow area stippled; Js jdvenilé.]ed?es; k,
mature leaves. (a, d-f, h-j, k [1eft], from Ben Nevis,thAug‘1984;

Murray & Perqx,‘ALA; b, from Patagonia, Skbttsberg 107, S; ¢, k

[right], from Ben MacDhui, Jul 1909, A. Wilson & Wheldon, BM; g, from

New Zealand, May 1889.~Beckett: H) ‘ -
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g Townsend 78/572,,herb Townsend, i [upper], , from near Dolgellau, 27-:];

‘f p, from Loch Lubnaig, 14 Apr 1970, Henderson, E; b, n, from - Ben

A

Figure'VI 117 Illustrat1ons of Andreaea rupestr1s a- h, i

[upper] 3 k, ‘m- p, var. rupestr1 a, hab1t homomallous p]ant with

sporophyte; b tetrad from young -green capsu]e. spores tan and f1ne]y"

papillose; c,. tetrad showing two aborted and two living spores,ld, TT
shrivelled aborted spore (above) and turgid 11v1ng spore e, germ1n-

ated spore,‘f. transverse section of stem, g, a;nllary hair; h, |
transverse section of leaf base, i [upper], transverse sect1on of
upper part of Teaf Jy ce]]s in upper part of Teaf 'k cells of Teaf

base; m, mature leaf, long acu inate form; n, mature Teaf 0, pandur1-
"\\ _

form mature ‘Teaf; p, juvenile leaves. 'i [Tower], , var. pap11]os

; Eiower] transverse section of upper part of'leaf, 1, mature leaf. '(a,

\ -

Nevis, 1 Aug 1984 Murray & Perry, ALAR\i g, o, from Pass of G]encoe, ’

31 Oct 1982 Murray & Long, ALA; d, e K, m, from Ca1rn Gorm, 2 Augf

1984, Murray & Perry, ALA h. i [lower], from near Carnedd LTeweTyn,ve

Jul 1964 Townsend herb. Townsend) BT

-~ ' * : ' . N .
. ' . o . . B
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Figure VI-12. Ilustrations'of Andreaea’aﬂpes%ris a, habri b
- i

‘habit (dry), c, ax111ary hair, d pr1mary leaves e, tetrad from

K

_'young, green psu]e, spores tan and f1ne1y paplllose, f, shr1ve1]ed
:'aborted Sporgfa

transverse sect1ons of upper part of leaves' 1, cel]s 1n upper part of;

)

1eaf J, cells of leaf base, ks juven1]e leaves, ‘ ma&ure ]eaves ;‘

(as b ks from Be1nn a Bhu1rd“ 13 Ju] 1985 urraz & Long, ALA C e,}; '

from Caenlochan G]en, 14 Jul 1985 Murray & Long, A[A d from Ben |
Nevis ong 13541 E f, g, from Ben Nev1s, 1 Aug 1984b urraz & ’

'Perrz, ALA h, from Green]and Ho]men & Mogensen 71 676 C, 1, J, 1 iu"l.

k

v[two at right], from Ca1rn Gonn, 2 Aug 1984 Murray & Perry, ALA, .

LA A

f[left}, from A]aska Steere 63- 555 ALA)

'v . s‘-" o | . - .

"\

(above) and turg1d living spore ‘g, germ1na€ed spore h,

f

\\‘
,\\.
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- " WII. GENERAL DISCUSSION AND CONCLUSIONS

The long-standing systematic difficulties and perplexities of the
Andreaeops1da have resulted from several factors. First is the great
systematic isolation of the group from other bryophytes. In addition,
lack of a sufficient fossil record and huge gaps in morpho]ogica]
‘markers place inferences as to relat1onsh1ps on a shaky, perhaps even
ground]ess foundation. G)ven these cOnstraintg (which appTy to bryo-~
phyte systematics generally), it has‘béen possible, nevertheless, to
propose a new taxonomic framework for the Andreaeopsida, since the
group has been analyzed in some detail for the first time. |

The primary circumstance‘that has led to the taxonomic bfoposals

and revamped classification presented here is the use of new charac-

ters. I have treated Andreaeobryum and Andreaea, the two included

' genera in the Andreaeopsida, as representing two separate‘orders
because of the fundamental morphological differences between them.
These differences, tabulated in Chapter II (Table I1I-1), include

features seen in Andreaeobryum that are not known in other mosses: the

cylindric‘ﬁhape of the photosynthetic protonemal appendages; beaked

 muci1age papillae; the 6Ecurr;nce>of mucilage papillae on both protone-

~mata and gametophores; and a,perichéetium that conslsts of'compressed ks
spirals of numerdus, variable bracts, develops after fertilization, and

encloses only the fertilized archegoniuma The correspoﬁdihg féa;ures

in Andreaea are s1m11ar to those in other mosses._ Anomélous featUré§

“of* Andreaeobryum find their closest" counterparts only 1n the even more-

systemat1;a11y mysterious taxon, Takakia. It seems likely‘to me, based

on the morphological evidence presented heré, that mosses and hebatics

L A 306
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(at Teast the lines represented by the Andreaeopsida, Takak10ps1da, and
Hap]omitriops1da) have common ancestry and that the ancestor of bryo-
phyteﬁLﬁ?d features that. have been retained in the patr1st1cal]y

primitive Andreaeobryum and Takakia. It will be interesting to see if

features such as peaked mucilage papillae can be found in the fossil °
record of early land plants and if further study of the problem Qi]]
permit the hypotheses presented here‘to stand.

Just as the discoyery of new characters caused a re-evaluation of
the taxa in higher categories and of the phylogenetic‘p]acement of ‘the
Andreaeops1da, simiJar use of new characters has led to the recogn1t1on
of&n\y taxa and to a realignment of other taxa within the genus
Andreaea. : .

For example, within subg. Andreaea the traditional circumscriptibnl
_ by presence or absencé of a costa for sections Nerviae Card, ex Broth.
and Andreaea should be re-examined. Several ecostate species, A.
sinuosa B. Murr. andlﬂ._glgiﬁg Hedw. for example, share features with -
costate taxa. It mey be tﬁat the presently constituted sections are
not natural and when the entire‘genus has been studied systematic
rearrangement should be proposed.

The main difference between the present treatment of North Ameri-
can and European Andreaeae aﬁd prior work is the resuit of my selection
of spore size as a mejor taxonomic criterion. For example, Andreaee
sinuosa and A. mutabiiis Hook f. & wils have small spores, which help _///
to separate the species decisive]y from the A _rupestris group (1nc1udiﬂ
. 1ng A, rugestri Hedw. , A. a]gestri (Thed ) Sch1mp., and A. obovata |
| Thed ) with its medium-sized spores. But.jt is in sect. Nerviae that I
h&ye proposed;a systematic arrangement that 1s‘aﬁ almost)eomplete ‘ S

v



| 308
reversal of the one recent]y’put forward (Schultze-Motel 1970).
Conventional treatment of‘costatevAndreaeae 1n subg. Andreaea has been
the alliance of taxa on the basis of leaf characters. I‘hane'not
'stressed these characters, since I found that their expressions‘nary

8

and recur throughout the genus Andreaea In contrast, spore size is a
constant and reliable marker. This ano]ys1s is presented 1n tabu]ar
form in Chapters'IV'and VI (Tables IV-1, VI-3).

As a result of the emphasis on spore sjze’and de-emphasis of the '
costa-lamina relationship in leaves, taxa'prévious]y referable to' or
treated as A. lrgtﬂii web. & Mohr (Schu1tze Motel 1970)——A roth11 ssp

rothii, A. schof1eld1ana B. Murr., A. fr191da HUb. ,’ and A. megistospor

B. Murr. ssp meg1stospora-~are here treated as separate ‘species
representing medium, large and very large}spore size classes. Taxa
previously referable to or treated as A. crassinervia Bruch (Schultze-

~ Mote] 1970)—fﬂ;‘crassinervia,,ﬂ. rothii ssp. falcata (Schimp.) Lindb.

(= A. crassinervia ssp. huntii‘rLimpr.] Amanri) and A. megistospora

ssp’ epapillosa B. Murr.--are here treated as separate species that
; — ‘ o

also represent medium, large, and very large spore size classes.

’

« o b . Y ‘ .
Further, these latter taxa (with crass1nerv1a-type leaves, sensu

Schultze-Motel 1970) are systematically close]y related to their
counterparts in spore size in the group with EQEﬁll type ]eaves (sensu
Schultze-Motel 1970). "

f* As a result-of “study. of about‘IO 000‘herbdr1un specimens 1 have

‘ concluded that the North Amerlcan (north of Mexico) and European
Andreaea flora consists of 14 specjes, four subspec1es ‘and two variet- -

jes: A nivalls Hook., A blxtti Schimp., A. heinehannii Hampe & C.
Mﬂl]., A. crassinervia fr1gida,'ﬁr schofieldiana.fy roghi »ssp.
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rothii; A. rothii ssp. falcata; A;‘megiStospora ssp. megistospora, A.
a atl iacald, A \ a J A

‘megistospora ssp. epapillosa, A. alpina A. sinuosa “A. mutabilis, A

rupestri var, rupestris, A rupestris var. Qapillos (Lindb. ) Podp R
A.. lpestris, and A. obovata All but A. frigid (a European endemic)

and A. schofieldiana and A. mkgistospora ssp epapillos (known only

from northwestern North America) occur in both North America (1nclud1ng
Greenland) and‘Europe This listing contrasts with ‘the most recent |
checklists for North America and Europe For North America_(excluding
Greenland) Crum et al. (1973) listed six species and two varieties; for
Europe Corley et al. (1981) listed eight species.
A pressing need. in bryophyte systematics is a worldw1de rev1Sion ’
}of the genus Andreaea (see also Scott 1982) Based-on my background
study of Andreaea taxa worldwide,‘l anticipate the approach that has
proved useful for Northern Hemisphere taxa w1ll also help 1n rev151ng
' the seemingly intractable but 1ncompletely studied Andreaeae in the :
Southern Hemisphere. | :

Several problems in Andreaea systematics seem to have no hope of

//‘
. solution- until experimental propagation and transplant studies are

y——

performed The polymorphic A. rupestris and its close allies,‘A.

| lpestri s and A. obovata remain as puzzling to me now as they nere
‘ﬁbefore I had examined several thousand specimens Traditional

, herbarium methods are inadequate to deal with the perplexing, overlap-
ping variation of the group. Similar problems are rampant in Southern :
Hemisphere taxa, centering around A acutifolia Hook f & Nils and
'itsallies. o R ,' |

| I am continuing monographic study of the group, and I hope that
rthe compilation of the state of knowledge of systematics of the
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-Andreaeopsida presented here will draw attention to the many gaps that

‘ rema1n and w1]1 st1mu1ate further study of the group, especially |

\
' ,exper1menta] propagation and chem1ca1, cyto]ogicaﬂ, u]trastructural

nand morphogenetlc ana]yses
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